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PLENARY SESSION ABSTRACTS

Wednesday, March 18 8:30 AM-12:00 NOON
Merrill Hall and Chapel

Plenary Session I: Evolution
Chair: John Taylor

Food for thought: Cheese as an experimental ecosystem. Benjamin Wolfe, Julie Button, Marcela Santarelli, Rachel Dutton. FAS Center
for Systems Biology, Harvard University, Cambridge, MA.

Tractable microbial communities are needed to bridge the gap between observations of patterns of microbial diversity and mechanisms
that can explain these patterns. We developed cheese rinds as model microbial communities by characterizing in situ patterns of diversity
and by developing an in vitro system for community reconstruction. Sequencing of 137 different rind communities across 10 countries
revealed 24 widely distributed and culturable genera of bacteria and fungi as dominant community members. Reproducible community
types formed independent of geographic location of production. Intensive temporal sampling demonstrated that assembly of these
communities is highly reproducible. Patterns of community composition and succession observed in situ can be recapitulated in a simple in
vitro system. Widespread positive and negative interactions were identified between bacterial and fungal community members. Cheese rind
microbial communities represent an experimentally tractable system for defining mechanisms that influence microbial community
assembly and function.

Invade, co-opt, and swap: Evolution of cell cycle control in Fungi and other eukaryotes. Edgar M. Medina®, Jon Turner?, Jan
Skotheim?, Nicolas E. Buchler’. 1) Department of Biology, Duke University, Durham, NC; 2) Department of Biology, Stanford University,
Stanford, CA.

Cell division is an essential process that has been occurring in an uninterrupted chain for billions of years. Thus, one expects strong
conservation in the regulatory network controlling the eukaryotic cell division cycle. In eukaryotes, the cell cycle control network regulates
proliferation. Earlier comparison of fungi with animals suggested that a simple ancestral eukaryotic cell cycle was driven by mitotic cyclin-
dependent kinase activity, while complex G1 control evolved later. Here, we examine diverse genomes to show that the last eukaryotic
common ancestor already had similar G1 regulators to animals, which have been maintained in nearly all eukaryotes. In contrast, evolution
along the fungal lineage was punctuated by the acquisition and entrainment of the SBF transcription factor, likely of viral origin. We
propose that SBF hijacked cell cycle control by activating genes targeted by the ancestral cell cycle regulator E2F. Cell cycle evolution in
the fungal ancestor proceeded through a hybrid network containing both E2F and SBF, which is still maintained in many basal fungi. Such
hybrid networks may represent a common mechanism through which core regulatory networks can dramatically evolve. Chytrids and other
basal fungi are in a unique transitional evolutionary position because they exhibit both fungal and animal-like features. We are currently
testing whether the SBF and E2F branches of the hybrid network regulate fungal and animal-like traits in an extant Chytrid, Spizellomyces
punctatus.

Beyond the whole genome duplication: phylogenetic evidence for an ancient inter-species hybridization in the yeast lineage. Toni
Gabaldén'*®, Marina Marcet-Houben?. 1) Comparative Bioinformatics, Center for Genomic Regulation, Barcelona, Barcelona, Spain; 2)
Universitat Pompeu Fabra (UPF). 08003 Barcelona, Spain; 3) Institucié Catalana de Recerca i Estudis Avangats (ICREA), Pg. Lluis
Companys 23, 08010 Barcelona, Spain.

Whole genome duplications have shaped the genomes of several vertebrate, plant and fungal lineages. Earlier studies have focused on
establishing when these events occurred, and on elucidating their functional and evolutionary consequences, but we still lack sufficient
understanding of how genome duplications first originated. We used phylogenomics to study the ancient genome duplication occurred in
the yeast lineage and show compelling evidence for the existence of a coetaneous inter-species hybridization. We propose that the genome
doubling was a direct consequence of this hybridization and that it served to provide stability to the recently formed allopolyploid. This
scenario provides a mechanism for the origin of this ancient duplication and the lineage that originated from it, and brings a new
perspective to the interpretation of the origin and consequences of whole genome duplications.

Epigenetic variation and adaptation in plant pathogenic oomycetes. Mark Gijzen, Sirjana Shrestha, Chelsea Ishmael, Kuflom Kuflu,
Yun Zhang, Patrick Chapman. Agriculture and Agri-Food Canada, London, ON, Canada.

Plant pathogens and their hosts are in engaged in a struggle to control the course of infection, and whether the outcome results in disease
or immunity. Pathogens secrete effectors to promote their own growth and reproduction, while host plants deploy immune receptors for
surveillance and detection of the effectors. Pathogen effector proteins that trigger immunity in host plants are avirulence (Avr) factors,
encoded by Avr genes. As the number of known Avr genes from oomycete plant pathogens has grown, it is apparent that transcriptional
polymorphisms often cause strain-specific gain-of-virulence changes. Loss of effector gene mRNA may be due to conventional mutations
that disable transcription but epigenetic changes can also underlie these polymorphisms. In fact, experiments from our laboratory and
others suggest a larger role for epigenetic variation in adaptation and evolution in plant pathogenic oomycetes. Most of the evidence arises
from studies on Phytophthora sojae and Phytophthora infestans, which cause root rot of soybean and late blight of potato, respectively, but
observations from other species have also contributed. In P. sojae, epigenetic gene silencing of Avr effectors can be accompanied by the
presence of small RNA and lead to unusual inheritance patterns. Crosses of P. sojae strains point to epistatic effects upon transgenerational
gene silencing of Avr genes, and suggest adaptive interplay between conventional and epigenetic variation in Phytophthora. Much remains
to be discovered regarding the mechanisms of epigenetic control but operationally the phenomenon helps to answer longstanding questions
and supplies material for new hypotheses. Epigenetic switching of Avr gene expression states could explain past observations of
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spontaneous virulence changes occurring in the laboratory and in the field. Epigenetic control of Avr genes potentially offers pathogens the
ability to re-activate or recycle effectors in response to changes in host immunity or after hard selective sweeps. Evolution may favor
systems that retain Avr genes for future use, enabling pathogens to express a complement of effectors that evades host immunity with a
minimum fitness penalty.

Genome sequence evolution in experimental populations of S. cerevisiae. Gregory Lang. Department of Biological Sciences, Lehigh
University, Bethlehem, PA.

Adaptive evolution proceeds by the fixation of beneficial mutations; each mutation advancing the population along a particular
evolutionary path. However, we lack a general understanding of why particular mutations fix in a population and how the identity of fixed
mutations affects subsequent evolution through non-additive genetic interactions (epistasis).

I will discuss the results from a long-term evolution experiment in yeast and the subsequent whole-genome whole-population time course
sequencing of 40 of these populations as well as recent work examining the effect of ploidy on the spectrum of evolved mutations. Our
results show that patterns of sequence evolution are driven by a balance between chance events, which increase stochastic variation in
evolutionary outcomes, and the deterministic action of selection on individual mutations, which favors parallel evolutionary solutions in
replicate populations.

Thursday, March 19 8:30 AM-12:00 NOON
Merrill Hall and Chapel

Plenary Session I1: Development
Chair: Miguel Penalva

Intra-Species Phenotypic and Genotypic Variation in C. albicans. Matthew Hirakawa®, Diego Martinez?, Sharadha Sakthikumar?,
Matthew Anderson®, Aaron Berlin?, Sharvari Gujja®, Quandong Zeng?, Ethan Zisson, Joshua Wang®, Joshua Greenburg?, Judith Berman®,
Christina Cuomo?, Richard Bennett*. 1) Molecular Microbiology & Immunology, Brown University, Providence, Rl 02912; 2) Broad
Institute of MIT and Harvard, 7 Cambridge Center, Cambridge, MA 02142; 3) Tel Aviv University, 418 Britannia Building, Ramat Aviv
69978, Israel.

Candida albicans is a commensal organism of the human gastrointestinal tract and a prevalent opportunistic pathogen. Here, we begin to
address the spectrum of natural diversity present in this species by analysis of a diverse collection of 21 clinical isolates. These isolates
were recovered from bloodstream and mucosal infections, as well as from commensal niches. Isolates were examined for a variety of in
vitro properties including growth rate, filamentation, biofilm formation, and drug resistance. Strains were also evaluated for virulence in
the Galleria insect model of infection. In parallel with phenotypic analyses, the diploid genomes of the 21 strains were
sequenced. Genetic variation between isolates was primarily due to differences in single nucleotide polymorphisms (SNPs), loss of
heterozygosity (LOH) tracts, and aneuploid chromosomes. Overall genome heterozygosity varied from 48% to 89%, and a positive
correlation was observed between strains with higher levels of heterozygosity and faster growth rates in vitro. This indicates that
heterozygosity is positively associated with enhanced in vitro fitness. Furthermore, more than one-third of C. albicans strains were
aneuploid, with 7 of the 21 strains being trisomic for one or more chromosomes. Aneuploidy was associated with a fitness defect, with
aneuploid strains growing more slowly, on average, than strains with a euploid complement of chromosomes. Finally, we addressed the
virulence defect of one clinical isolate and show that a SNP mutation in the EFGL1 transcription factor is associated with this
phenotype. Loss of this factor decreased virulence but improved fitness in a commensal model of growth, indicating a natural mutation
that alters the balance between commensal and pathogenic lifestyles.

Sexual development in euascomycetes: The STRIPAK complex is required for signaling during fruiting body formation. Ulrich
Kiick, Minou Nowrousian, Ines Teichert, Sandra Bloemendal, Anna Beier, Steffen Nordzieke, Eva Steffens. General and Molecular
Botany, Ruhr University, Bochum, Germany.

The homothallic euascomycete Sordaria macrospora is a model system for studying sexual fruiting body (perithecia) formation.
Previously, we generated a library of mutants with a developmental block in fruiting body formation, making S. macrospora an excellent
system for studying cellular differentiation at the molecular level [1]. Analysis of a number of developmental mutants led to the
identification of subunits of the conserved eukaryotic striatin-interacting phosphatase and kinase (STRIPAK) protein complex [2]. In
particular, we identified PP2A scaffolding subunit PP2AA, catalytic subunit PP2Ac1, the striatin homolog PRO11, STRIP1/2 homolog
PRO22, MOB3 homolog SMMOB3, and SLMAP homolog PRO45. Super-resolution structured-illumination microscopy (SIM) further
established that PRO45 localizes to the nuclear envelope and mitochondria. SIM also showed that localization to the nuclear envelope
required STRIPAK subunits PRO11 and PRO22. Using STRIPAK subunits as baits, we generated by mass spectrometry a high-confidence
STRIPAK protein-protein interaction network, which was further verified by yeast-two hybrid and co-immunoprecipitation data. Our
results indicate that the STRIPAK complex interacts with components of the cell wall integrity pathway, including its recently discovered
scaffold protein PRO40 [3]. From the sum of our data we conclude that a crosstalk between different signaling complexes is crucial for the
coordinated regulation of cellular differentiation during fruiting body formation.

[1] Teichert I, et al. (2014) Adv Genet 87: 202-246
[2] Bloemendal S, et al. (2012) Mol Microbiol 84: 310-323
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[3] Teichert I, et al. (2014) PLoS Genet 10: e1004582.

v-Tubulin: a Multifunctional Cell Organizer. Berl R. Oakley. Molecular Biosciences, University of Kansas, Lawrence, KS.

Our finding that deletion of the mipA (y-tubulin) gene in Aspergillus nidulans results in a virtually complete blockage of mitotic
apparatus assembly contributed to a generally accepted model that complexes containing y-tubulin serve as templates that nucleate
microtubule assembly in all eukaryotes. Our lab, however, has created a number of conditional mipA alleles in which robust mitotic spindle
formation occurs under conditions in which growth is inhibited. Microscopic examination revealed that the mutant alleles cause a variety of
mitotic and cell cycle defects, suggesting that y-tubulin has important functions for growth in addition to microtubule nucleation. We have
now examined this possibility through intragenic complementation analysis of mipA alleles and our data indicate that y-tubulin has at least
three important functions. To explore these functions, we created fluorescent protein fusions of a large number of proteins involved in
mitosis and cell cycle regulation and observed the localization patterns of these proteins by time-lapse microscopy in wild-type and mipA
mutant strains. These observations have revealed that the activity of a key cell cycle regulatory complex, the anaphase promoting
complex/cyclosome (APC/C), is regulated in part by the exclusion of the key activator protein Cdc20 from interphase nuclei and entry of
Cdc20 into the nucleoplasm when the nuclear pore complexes partially disassemble at mitotic onset. Likewise the spindle assembly
checkpoint (SAC) is regulated by the physical separation of components prior to mitotic onset after which they come to co-localize at
kinetochores. Analysis of a cold-sensitive mipA allele reveals that y-tubulin plays a key role in inactivation of the APC/C coupled with the
activator protein Cdh1 at G,/S and that this correlates with the failure of Cdh1 to leave the spindle-pole body (SPB). The same allele causes
nuclear autonomous mislocalization of the SAC proteins Bub1/R1 and Mps1, thereby abolishing the SAC in affected nuclei. Another allele
inhibits binding of cytoplasmic dynein to the SPB at a temperature restrictive for growth. These data indicate that y-tubulin plays an
important role in the localization of mitotic and cell cycle regulatory proteins and, concomitantly, in the regulation of the cell cycle.

Regulation of microtubule-based transport. Samara Reck-Peterson?, Anthony Roberts*, Ekaterina Toropova?, Nathan Derr*, Brian
Goodman?, Sirui Zou!, Andres Leschziner?. 1) Cell Biology, Harvard Medical School, Boston, MA; 2) Molecular and Cellular Biology,
Harvard University, Cambridge, MA.

Microtubule-based intracellular transport is a fundamental process in all eukaryotic cells, required for cell division, cell growth, and cell
differentiation. We address how transport works on multiple scales, ranging from the biophysics of the motors, to their regulation and
function in cells using both S. cerevisiae and A. nidulans. Cytoskeletal molecular motors move unidirectionally along their tracks. This
poses multiple problems, which | will discuss: 1) How do they get to the start of their track? To determine how the microtubule-based
motor dynein gets to the start of its track (the microtubule plus end) we reconstituted this process in vitro, showing that dynein is
transported by a kinesin that wins a tug-of-war with dynein via the recruitment of processivity factors. 2) After arriving to the start of their
track, how do they stay there until they have acquired cargo? A candidate for retaining dynein at microtubule plus ends is a ubiquitous
regulator called Lis1. We showed that Lis1 anchors dynein to microtubules. It does so by binding directly to the dynein motor domain,
resulting in uncoupling cycles of ATP hydrolysis from track binding. 3) How do cargos bound by motors of opposite polarity (both dynein
and kinesin) undergo net unidirectional motility? Most cellular cargos are moved by groups of motors. We developed methods to construct
3D artificial cargos using DNA origami, to program the number, type, and spacing of motors, allowing us to dissect the mechanism of bi-
directional microtubule-based transport. Collectively, our experiments so far with dyneins and kinesins linked to the same cargo suggest
that unidirectional motility requires regulation.

Long-distance endosome trafficking drives fungal effector production during plant infection. Gero Steinberg. Sch Biosci, Univ
Exeter, Exeter, United Kingdom.

To cause plant disease, pathogenic fungi can secrete effector proteins into plant cells to suppress plant immunity and facilitate fungal
infection. Most fungal pathogens infect plants using very long strand-like cells, called hyphae, which secrete effectors from their tips into
host tissue. How fungi undergo long-distance cell signalling to regulate effector production during infection is not known. Here, |
summarize recently published data showing that long-distance retrograde motility of early endosomes (EES) is necessary to trigger
transcription of effector-encoding genes during plant infection by the pathogenic fungus Ustilago maydis. This motor-dependent retrograde
EE motility is controls effector production and secretion during host cell invasion. It involves the mitogen-activated kinase Crk1, which
travels on EEs and participates in control of effector production. Fungal pathogens therefore undergo endosome-mediated long range-
signalling to orchestrate host invasion. These findings add to recent discovery that EEs distribute the machinery for protein translation.
Thus, 15 years after the discovery of motile endosomes in fungi, the biological role of their motility is beginning to reveal.
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Friday, March 20 8:30 AM-12:00 NOON
Merrill Hall and Chapel

Plenary Session I11: Interactions
Chair: Corby Kistler

Cell-cell communication and fusion in Neurospora crassa. Andre Fleissner. Institut fuer Genetik, TU Braunschweig, Spielmannstrasse 7,
38106 Braunschweig, Germany.

While cell fusion is essential for the development of most eukaryotic organisms, the molecular mechanisms underlying this process are
only poorly understood. In recent years, Neurospora crassa has been adopted as an experimental model to study cell fusion and related
cell-cell signaling processes.

Germinating conidia of this fungus sense each other and fuse. As a result, a germling network is formed, which further develops into the
mycelial colony. Genetic analysis combined with live-cell imaging revealed an unusual mode of communication during these spore
interactions. The two fusion partners appear to switch between signal sending and receiving thereby establishing a kind of “cell-cell
dialog”. This interaction involves the alternating recruitment of the MAK-2 MAP kinase module and the SO protein to the plasma
membrane. Our further analysis revealed that the composition of the plasma membrane is critical for a proper cell-cell interaction. Mutants
accumulating specific ergosterol precursors are deficient in germling fusion, particularly in the processes after cell-cell contact. While the
membrane recruitment of MAK-2 is mostly unaffected in these strains, SO strongly mislocalizes. SO interacts with another MAP kinase
module, the MAK-1 pathway. In wild type, MAK-1 is recruited to the fusion point after cell-cell contact, but fails to accumulate in the
sterol mutants. Inhibition of MAK-1 in a chemical genetics approach reproduces the phenotype of the sterol mutants. Together these data
indicate that specific minor changes in the ergosterol molecule structure can exert major effects on specific signal transduction pathways.

In addition, we recently found that the SO protein interacts with factors of a Calcium-dependent membrane repair system, which is
activated in aberrant fusion events and in response to drug-induced cell lysis.

In conclusion, our data suggest the presence of an intricate signaling network controlling and linking cell-cell communication, plasma
membrane fusion and repair.

New insights into effector research in the sebacinoid root endophyte Piriformospora indica. Alga Zuccaro?. 1) Organismic
Interactions, Max Planck Institute Marburg, Marburg, Germany; 2) University of Cologne, Botanical Institute, Cluster of Excellence on
Plant Sciences (CEPLAS), Cologne, Germany.

Root endophytism and mycorrhizal associations are complex, derived traits in fungi that shape plant physiology. Sebacinales
(Hymenomyecetes, Basidiomycetes) display highly diverse interactions with plants. While basal lineages are root endophytes loosely
colonizing root cells and/or have saprotrophic abilities, derived clades are biotrophs forming mycorrhizal associations, sometimes
uncultivable. Sebacinales thus document the transition from saprotrophy to endophytism and to mycorrhizal nutrition within one family.
Genomic traits associated with this transition are keys to the understanding of fungal root symbioses and will be discussed together with
recent advances in effector research in the sebacinoid root endophyte Piriformospora indica. A special focus will be given on functional
insights into the molecular mechanisms of symbioses with the monocot host plant barley and the dicot model plant Arabidopsis thaliana.

Evolution of virulence in the vascular wilt pathogen Verticillium dahliae. L. Faino, M.F. Seidl, D.E. Cook, X. Shi-Kunne, J.C.
Boshoven, H. Rovenich, M. van Damme, J. Li, E. Rojas Padilla, Y. Song, D.J. Valkenburg, G.C. van den Berg, B.P.H.J. Thomma. Lab
Phytopathology, Wageningen Univ, Wageningen, Netherlands.

Fungi cause severe crop losses and threaten food security worldwide. The soil-borne fungal pathogen Verticillium dahliae causes
vascular wilt disease on hundreds of plant species, and disease control is challenging because resistance in plants is relatively rare.
Moreover, V. dahliae has a flexible genome allowing it to escape host immunity and maintain aggressiveness. So far, knowledge on
mechanisms governing this genomic flexibility remains limited.

Through comparative population genomics we have started to unravel mechanisms to establish the genomic diversity that is essential for
adaptive genome co-evolution during the continued arms race with host plants. To this end, two V. dahliae genomes were assembled from
telomere-to-telomere using long-read sequencing technology and optical mapping, and compared these to the genomes of

other Verticillium spp., revealing a pre-speciation genome duplication event. Comparative genomics using the two finished V.

dahliae genomes furthermore revealed recent segmental duplications that established lineage-specific regions. Interestingly, these regions
are enriched for in planta-expressed effector genes encoding secreted proteins that enable host colonization, and thus contribute to the
evolution of virulence. Our evidence suggests that error-prone homology-dependent DNA repair has caused genomic rearrangements,
leading to extensive structural variations. Re-sequencing of additional strains showed that independent losses of genetic material favored
the escape of host recognition and, likely, host specificity. We propose that evolution of V. dahliae is linked to segmental genome
duplications mediated by improperly repaired DNA breaks.
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In addition to genome evolution, we also study the role of epigenetic modifications on virulence of V. dahliae and the biological functions
of effector proteins. Collectively, these research lines provide insight in mechanisms that make this fungus such a successful broad host
range pathogen.

Microsporidia infection in C. elegans and other hosts. Emily Troemel. Division of Biological Sciences, Univ California, San Diego, La
Jolla, CA.

Microsporidia comprise a phylum of over 1400 species of obligate intracellular parasites related to fungi. These parasites can infect
virtually all animal hosts, and are responsible for widespread disease in humans as well as agriculturally relevant hosts such as fish and
insects. Several years ago we identified a new genus in microsporidia called Nematocida, which contains natural pathogens of
Caenorhabditis nematodes and provide model systems for studying microsporidian pathogenesis. We have sequenced several Nematocida
genomes, and compared them with other microsporidia genomes, to identify evolutionary events of gene loss, acquisition, and
modification. In particular, we found that all microsporidia lost the tumor suppressor gene Retinoblastoma, which could accelerate the
parasite cell cycle. We found that microsporidia acquired transporters that could import nucleosides to fuel rapid growth. Also,
microsporidian hexokinases gained secretion signal sequences, and in a functional assay these were sufficient to export proteins out of the
cell; thus hexokinase may be targeted into the host cell to reprogram it toward biosynthesis. Similar molecular changes appear during
formation of cancer cells and may be evolutionary strategies adopted independently by microsporidia to proliferate rapidly within host
cells. In addition, analysis of genome polymorphisms revealed evidence for a sexual cycle that may provide genetic diversity to alleviate
problems caused by clonal growth. Altogether these events may explain the emergence and success of these diverse intracellular parasites.

In addition to our microsporidian genome studies, we have been analyzing the C. elegans host response to microsporidia infection. We
have described host resistance strategies as well as host trafficking pathways exploited by microsporidia to facilitate their spread and
propagation. We are translating these findings into microsporidia infections of human cells to learn more about how these ubiquitous
pathogens cause disease.

Fungus-insect interactions: genomics and molecular biology. Xiao Hu, Guohua Xiao, Peng Zheng, Chengshu Wang. Institute of Plant
Physiology and Ecology, Shanghai Institutes for Biological Sciences, CAS, Shanghai 200032, China.

There are about one thousand fungal species capable of killing insects, most of which are ascomycetes. The species like Metarhizium spp.
and Beauveria bassiana has been developed as environmentally friendly biocontrol agents against different insect pests. The species like
the caterpillar fungus Ophiocordyceps sinensis and Cordyceps militaris etc., however, have been used as traditional Medicines for hundreds
of years in Eastern countries. Genome analyses revealed that the insect pathogens have a strikingly larger proportion of genes encoding
secreted proteases and chitinases than other sequenced fungi. Phylogeny analysis confirmed that fungal entomopathogenicity is
polyphyletic, so similar expansions of insect cuticle degrading enzymes reflect a convergent evolution unique for fungus-insect
interactions. In terms of the evolution of fungal host specificity, our genome survey of different Metarhizium species with varied host range
indicated the presence of transitional species with intermediate host ranges and that the specialist species with a narrow host range diverged
first and then the transitional species followed by the generalists in association with the evolution of insect hosts. Our molecular biology
studies indicated that the insect fungi like M. robertsii evolved with divergent adhesins to mediate spore adherence to insect and plant
surfaces, a mammalian perilipin-like protein to regulate the appressorium turgor pressure for insect cuticle penetration and a collagen-like
protein to camouflage cell wall components for evading host immunity. The genomes of insect pathogenic fungi also encode an array of
gene clusters for biosynthesis of secondary metabolites. Along with the elucidation of the biosynthetic mechanisms of the
cyclodepsipeptide destruxins in M. robertsii and dibenzoquinone oosporein in B. bassiana, we showed that these metabolites could be
deployed by the fungi to inhibit host innate immune responses and thereby facilitate fungal propagation within insect body cavity. The
results of our studies advanced the understanding of genomics and molecular studies of fungus-host interactions.

Saturday, March 21 8:30 AM-12:00 NOON
Merrill Hall and Chapel

Plenary Session 1V: Signals
Chair: Kathy Borkovich

Investigating the cell cycle control of plant infection by the rice blast fungus Magnaporthe oryzae. Nick Talbot, Yogesh Gupta,
Miriam Oses-Ruiz, Lauren Ryder, Wasin Sakulkoo, Yasin Dagdas, Michael Kershaw, Darren Soanes, George Littlejohn, Magdalena
Urdiroz. School of Biosciences, University of Exeter, Exeter, United Kingdom.

Magnaporthe oryzae is the causal agent of rice blast, one of the most serious diseases affecting rice production. During plant infection,
M. oryzae forms a specialised infection structure called an appressorium. The infection cell generates enormous turgor, focused as
mechanical force to breach the rice cuticle and facilitate entry into plant tissue. We observed that a single round of mitosis occurs prior to
appressorium morphogenesis and precedes autophagic cell death of the three-celled conidium, which is necessary for plant infection. An S-
phase checkpoint is necessary for initiation of appressorium development and maturation of the appressorium requires the G2-M
transition.Furthermore, penetration peg emergence from the appressorium requires S-phase to have occurred in the appressorium
nucleus. Re-polarisation of the appressorium requires a hetero-oligomeric septin GTPase complex for re-organisation of a toroidal F-actin
network at the base of the appressorium. This allows the host cuticle to be breached and leads to invasion of epidermal cells by biotrophic
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invasive hyphae of M. oryzae. Septin-mediated plant infection is controlled by NADPH oxidase activity. A specialised Nox2 NADPH
oxidase-tetraspanin complex is necessary for septin-mediated control of actin dynamics. The appressorium pore is also the site of polarised
exocytosis during plant infection and the octameric exocyst complex localises to the pore in a septin-dependent manner and is essential for
cytoskeletal regulation. Both cell cycle and pressure-mediated checkpoints appear necessary for initiation of septin activation and re-
orientation of the cortical F-actin cytoskeleton to facilitate plant tissue invasion. Once tissue is invaded the fungus undergoes differential
expression of a large repertoire of effector proteins destined either for the apoplastic space, bounded by the plant plasmalemma, or directed
instead into plant cells. How this delivery is achieved in not known, but involves a specialised structure known as the biotrophic interfacial
complex (BIC), a plant membrane-rich body where effectors accumulate.

Intercellular communication and morphogenesis in the human fungal pathogen Cryptococcus neoformans. Xiaorong Lin. Biology,
Texas A&M University, TAMU-3258, TX.

As non-mobile eukaryotic microbes mostly live in a community rather than in a planktonic state in the environment and in the host, it is
important to know how they communicate and coordinate their community behaviors. Our recent findings in Cryptococcus, a major human
fungal pathogen, indicate that secreted fungal adhesion proteins that are essential in creating the extracellular matrix for the formation of
biofilms, are also critical in coordinating community behaviors (e.g. biofilm formation, morphogenesis, and sexual reproduction). This is
achieved via the dual functions of these molecules as adhesins as well as signaling molecules. This concept of matrix-initiated signaling in
intercellular communication in microbial communities is analogous to matrix-regulated cell differentiation and tissue patterning in higher
eukaryotes.

RNA silencing in Mucor: small RNAs in development and pathogenesis. Rosa M. Ruiz-Vazquez. Dept Genetics and Microbiology,
Univ Murcia, Murcia, Spain.

Mucor circinelloides is an opportunistic human pathogen evolutionary distant from other fungal model organisms. It is a causal agent for
the rare but lethal infection mucormycosis, an emerging infectious disease recognized as a prevalent fungal infection in patients with
impaired immunity, although recently it has been described in some otherwise healthy individuals. Besides its emerging pathogenicity, M.
circinelloides also outstands for being one of the first fungi in which endogenous small RNAs (esRNAs) with putative regulatory functions
have been identified. Different classes of esSRNAs derived from exons (ex-siRNAs) have been identified, which differ in the components of
the silencing machinery required for their biogenesis. These ex-siRNAs regulate the expression of the protein coding genes from which
they are produced. In fact, whole-genome transcriptional analysis reveals that different combinations of RNAI proteins regulate the
expression of specific gene clusters, which are up- or down-regulated in the corresponding RNAI mutants. The RNAI mutants are affected
in general developmental processes such as growth and sporulation, and show differential response to environmental signals, such as
nutritional, oxidative and heat stresses. Some of these processes are regulated by the canonical RNAI pathway, whereas others, such as
sexual interaction, are regulated by a dicer-independent non-canonical RNAI pathway. We have also investigated the role of the RNAI
machinery in pathogenesis by using distinct host-pathogen interaction models to identify genes and ex-siRNAs differentially expressed
during infection. Results in zebrafish and inmunocompromised mice using virulent and avirulent strains of M. circinelloides, as well as
RNAI mutants, suggest a role for the RNAi machinery in pathogenesis.

This work was funded by the Spanish MICINN (BFU2009-07220) and MINECO (BFU2012-32246) co-financed by FEDER.

Interplay between self and nonself recognition mechanisms regulate chemotropic interactions and cell fusion. N. Louise Glass,
Wilfried Jonkers, Jens Heller, Abigail Leeder, Gabriel Rosenfield, Monika Fischer, David Kowbel. Dept Plant & Microbial Biol, Univ
California, Berkeley, CA.

In filamentous fungi, fusion between genetically identical cells is associated with the colony establishment and hyphal network
formation. In Neurospora crassa, both germling fusion (via conidial anastomosis tubes; CATSs) and hyphal fusion in a mature colony
require a conserved MAP kinase cascade: a MAPKKK (NRC-1), a MAPKK (MEK-2), a MAPK (MAK-2) and a Stel2-like transcription
factor, PP-1. Chemotropic interactions are associated with oscillation of MAK-2, MEK-2 and NRC-1 in germlings and fusion hyphae. This
MAPK cascade is highly conserved, but a scaffold protein analogous to S. cerevisiae Ste5 has not been identified in filamentous
ascomycete fungi. By utilizing phosphoproteomics and co-immunoprecipitation, we identified a scaffold protein (HAM-5) for the MAK-
2/MEK-2/NRC-1 complex. HAM-5 co-oscillated with NRC-1, MEK-2 and MAK-2 with identical dynamics during chemotropic
interactions. In a Amak-2 strain, HAM-5 localized to puncta that did not oscillate, suggesting that MAK-2 kinase activity regulates HAM-5
function/localization. The identification of the HAM-5 scaffold protein will link the activation of this MAPK cascade to upstream factors
and proteins involved in fungal communication. To determine whether communication/chemotropism between genetically different
germlings was similar or different to communication/chemotropism between genetically identical germlings, we used a population
genomics approach with 112 wild isolates of N. crassa. Chemotropic interactions between genetically different germlings was associated
with three communication groups (CGs). By bulked segregant analysis, we identified two highly polymorphic genes
(determinant of communication: doc-1 and doc-2) that show evidence of balancing selection and are associated with CG phenotype. During
chemotropic interactions, DOC-1 co-oscillated and physically interacted with the HAM-5/MAK-2/MEK-2/NRC-1 complex. These data
indicate that self and nonself interactions during germling fusion are linked and that an interplay between these two systems is important in
the regulation of chemotropic interactions and cell fusion.



PLENARY SESSION ABSTRACTS

Analysis of clock-regulated genes in Neurospora reveals widespread posttranscriptional control of metabolic potential. Jennifer M.
Hurley!, Arko Dasguptal, Jillian Emerson?, Xiaoying Zhou?, Carol Ringelberg®, Nicole Knabe!, Anna Lipzen?, Erika Lindquist?,
Christopher Daum?, Kerrie Barry?, Igor Grigoriev?, Kristina Smith®, James Galagan®, Deborah Bell-Pedersen®, Michael Freitag®, Chao
Chang?, Jennifer Loros"®, Jay Dunlap®. 1) Department of Genetics, Geisel School of Medicine at Dartmouth, Hanover, NH; 2) US
Department of Energy Joint Genome Institute, Walnut Creek, CA 94598; 3) Department of Biochemistry and Biophysics, Center of
Genome Research and Biocomputing, Oregon State University, Corvallis, OR 97331, 4) Departments of Biomedical Engineering and
Microbiology, Boston University, Boston, MA 02215; 5) Department of Biology, Texas A&M University, College Station, TX 77843; 6)
Department of Biochemistry, Geisel School of Medicine, Hanover, NH 03755.

Neurospora crassa has been for decades a principal model for filamentous fungal genetics and physiology as well as for understanding
the mechanism of circadian clocks. Eukaryotic fungal and animal clocks comprise transcription-translation—based feedback loops that
control rhythmic transcription of a substantial fraction of these transcriptomes, yielding the changes in protein abundance that mediate
circadian regulation of physiology and metabolism: Understanding circadian control of gene expression is key to understanding eukaryotic,
including fungal, physiology. Indeed, the isolation of clock-controlled genes (ccgs) was pioneered in Neurospora where circadian output
begins with binding of the core circadian transcription factor WCC to a subset of ccg promoters, including those of many transcription
factors. High temporal resolution (2-h) sampling over 48 h using RNA sequencing (RNA-Seq) identified circadianly expressed genes in
Neurospora, revealing that from ~10% to as much 40% of the transcriptome can be expressed under circadian control. Functional
classifications of these genes revealed strong enrichment in pathways involving metabolism, protein synthesis, and stress responses; in
broad terms, daytime metabolic potential favors catabolism, energy production, and precursor assembly, whereas night activities favor
biosynthesis of cellular components and growth. Discriminative regular expression motif elicitation (DREME) identified key promoter
motifs highly correlated with the temporal regulation of ccgs. Correlations between ccg abundance from RNA-Seq, the degree of ccg-
promoter activation as reported by ccg-promoter—luciferase fusions, and binding of WCC as measured by ChlIP-Seq, are not strong.
Therefore, although circadian activation is critical to ccg rhythmicity, posttranscriptional regulation plays a major role in determining
rhythmicity at the mRNA level.
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Wednesday, March 18 3:00 PM-6:00 PM
Merrill Hall

Multicellular Development/Crosstalk between Morphogenetic and Developmental Pathways in Filamentous Fungi
Co-chairs: Minou Nowrousian and Oier Etxebeste

The interplay of a GPI-anchored protein and the STRIPAK complex regulate fruiting-body development in the filamentous
ascomycete Sordaria macrospora. Stefan Frey®, Yasmine Lahmann®, Stefanie Poeggeler™?. 1) Institute of Microbiology and Genetics,
Department of Genetics of Eukaryotic Microorganisms, Georg-August University Géttingen, Germany; 2) Géttingen Center for Molecular
Biosciences (GZMB), Georg-August-University Gottingen, Germany.

The striatin interacting phosphatase and kinase (STRIPAK) complex, which is composed of striatin, protein phosphatase PP2A and
kinases, is required for fruiting-body development and cell fusion in the filamentous ascomycete Sordaria macrospora [1]. Here, we report
on the interplay of the glycosylphosphatidylinositol (GPI)-anchored protein SmGPI1 with the kinase activator SmMMOB3, a core component
of human and fungal STRIPAK complexes. SmGPI1 is conserved among filamentous ascomycetes and was first identified in a yeast two-
hybrid screen using SMMOB3 as bait. The physical interaction of SMMOB3 and SmGPI1 was verified by co-Immunoprecipitation. In vivo
localization and differential centrifugation revealed that SmGPI1 is predominantly secreted and attached to the cell wall but is also
associated with mitochondria and appears to be a dual-targeted protein. Deletion of Smgpil led to an increased number of fruiting bodies
that were normally shaped but reduced in size. In addition, Smmob3 and Smgpil genetically interacted. In the sterile ASmmob3 background
deletion of Smgpil restores fertility, vegetative growth as well as hyphal-fusion defects. The suppression effect was specific for the
ASmmob3 mutant since deletion of Smgpil in other STRIPAK mutants does not restore fertility.

[1] Bloemendal S, Bernhards Y, Bartho K, Dettmann A, Voigt O, Teichert I, Seiler S, Wolters DA, Pdggeler S, Kiick U (2012) A
homologue of the human STRIPAK complex controls sexual development in fungi. Mol Microbiol 84:310-323.

Identification of NoxD/Pro41 as the homologue of the p22 NADPH oxidase subunit in fungi. Isabelle Lacaze®, Hervé Lalucque’,
Ulrike Siegmundz, Philippe Silar?, Sylvain Brun®. 1) LIED-UMR 8236, Univ Paris-Diderot, Paris, France; 2) Institut fur Biologie und
Biotechnologie der Pflanzen, Westfalische Wilhelms Universitat, Schlossplatz 8, D-48143 Minster, Germany.

NADPH oxidases (Nox) are membrane complexes that produce O, by transferring electrons from cytosolic NADPH to oxygen. In
Eukaryotes, Nox are involved in major processes like cell proliferation, differentiation and defense. In mammals, O, production by
Nox2 relies on the activation of the membrane flavocytochrome bssg composed of the catalytic subunit Nox2/gp91 and of p22 by a
cytosolic complex composed of p67, p47, p40 and the small GTPase Rac. In fungi, although the composition of the activating complex
(p67/NoxR, Rac, Cdc24 and Bem1) is well conserved, the apparent lack of a homologue of p22 in genomes questioned how the
flavocytochrome forms at membranes. Three Nox isoforms are present in the ascomycetes model Podospora anserina: PaNox1, PaNox2
and PaNox3. PaNox1 is involved in fruiting body formation, anastomosis, defense, approssorium-like development and Crippled Growth.
Remarkably, all these processes are impaired in the IDC509 mutant strain as in IDC343, the PaNox1 mutant strain. We have identified
Pa_1 7250 as the gene mutated in the IDC509 strain. By careful phylogenetic and functional analyses, we show that Pa_1_7250, which is
homologous to SmPro41 of Sordaria macrospora, is the orthologue of mammalian p22. We therefore named it NoxD for Nox Docking
protein. While the physical interaction between NoxD and Nox1 was demonstrated in the plant pathogen Botrytis cinerea by Ulrike
Siegmund and collaborators in Paul Tudzynski’s lab, our cytological analyses of functional tagged versions of PaNox1, PaNoxD and
PaNoxR show that they co-localize in the endoplasmic reticulum and/or in the vacuolar system suggesting the assembly of an active Nox
complex.

Diverse roles for the non-receptor guanine nucleotide exchange factor RIC8. Katherine Borkovich, Patrick Schacht, Asharie Campbell,
Alexander Michkov, Shougiang Ouyang, Arit Ghosh. Plant Pathology & Microbiology, University of California, Riverside, CA.

Heterotrimeric G proteins consist of o, § and y subunits. We have previously characterized three Ga subunits (GNA-1, GNA-2 and GNA-
3), one GB (GNB-1) and one Gy (GNG-1) subunit in Neurospora crassa. Previous work in our laboratory has shown that the cytosolic
RIC8 protein functions as a guanine nucleotide exchange factor (GEF) for the GNA-1 and GNA-3 Ga subunits, and is also required for
maintenance of these two proteins, via a post-transcriptional mechanism. Results from ric8 structure-function studies and ribosomal
profiling experiments have revealed insights into the RIC8 residues that are required for GEF activity, as well as details of the post-
transcriptional mechanism leading to low Ga levels in N. crassa.

A ‘developmental hourglass’ in mushroom-forming fungi. X. Cheng, Y.Y. Lee, M.C. Wong, H.S. Kwan. School of Life Sciences, The
Chinese University of Hong Kong, New Territory, Hong Kong.

The “‘developmental hourglass’ concept suggests that vertebrates are most similar to one another during mid-embryogenesis, and this
highly conserved stage is illustrated by the ‘waist’ of the hourglass representing a low probability of evolutionary change. Recent molecular
surveys on both animals and plants have shown that the genes expressed at the waist stage are more ancient and more conserved in their
expression. The existence of such a developmental hourglass has not been explored in fungus, a eukaryotic kingdom that evolved with
multicellularity. In this study, we analyzed two series of whole-genome expression data on mushroom development — a microarray assay
on Coprinopsis cinerea and an RNA-seq profiling on Lentinula edodes. We found that both mushrooms display a molecular hourglass
pattern over their developmental lifecycles. The ‘young fruiting body’ (YFB) is the stage that expresses the evolutionarily oldest (lowest
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transcriptome age index, TAI) transcriptome. To put the developmental pattern into functional context of mushroom development, we
categorized expressed genes into Eukaryotic Orthologous Groups (KOG). We found that the expression of genes in ‘information storage
and processing’ reached a maximum at YFB and decreased later at the MFB, while genes in ‘metabolism’ was the lowest at YFB. The
synchronic existence of a molecular ‘hourglass’ across species reveals a common strategy used by eukaryotes to incorporate evolutionary
innovations.

The role oxidative stress and RNP granules have in spore survival. Steven Gorsich, Michelle Steidemann, Alyssa Litwiller, Megan
Postema. Department of Biology, Central Michigan University, Mt Pleasant, MI.

The meiotic generation of gametes (e.g. spores, pollen grains, oocytes, spermatocytes) is an essential function for sexually reproducing
eukaryotes. The ability of plants, animals, and fungi to produce sexual gametes and store them for extended periods of times is essential
for the survival of these organisms. For instance, plant pollen grains can be viable for centuries and human oocytes and baleen whales can
have viable oocytes for as many as 50 and 90 years, respectively. Interestingly, less is known about the survivorship of fungal
spores. Experimental evidence shows that some fungal spores last at least 6 years, while anecdotal evidence suggests that fungal spores
can last over 25 years. Though these different types of gametes are less viable as they age, the fact that they remain genetically stable for
decades is impressive. Using Saccharomyces cerevisiae we are investigating the cellular mechanisms that allow spores to survive for
extended periods of time. More specifically, we are interested in the role genetics, environmental stress, and ribonucleoprotein (RNP)
granules have on spore development. Previously, we have shown that specific gene mutations (e.g. dnm1) lead to defects in spore survival
and fitness. In this study, we will present data that describe: 1) how oxidative stress (reactive oxygen species, ROS) effects spore viability
and mitochondrial morphology, 2) how the overexpression of ZWF1 protects yeast against ROS damage during spore development, 3) how
the overexpression of ZWF1 lessens the effects of the dnm1/dnm1 mutant, and 4) our characterizations of the RNP granules, P-bodies and
stress granules, during spore development. These data suggest that S. cerevisiae require the ability to protect their developing spores
against oxidative stress and the ability to form RNP granules during spore development.

Patterns of cellular morphogenesis during conidiophore development in Aspergillus nidulans. Steven Harris. Center Plant Sci
Innovation, Univ Nebraska, Lincoln, NE.

Spores are the primary propagules by which fungi disseminate. Thus, they represent an attractive target for the control of fungal
colonization and infection. Although conserved signaling pathways and transcriptional networks that regulate sporulation have been
identified, relatively little is known about how the morphogenetic events that underlie the production of spores are integrated with these
pathways. My lab uses the model filamentous fungus Aspergillus nidulans to characterize mechanisms that regulate fungal morphogenesis.
Here, | will describe our initial characterization of a regulatory module that mediates the production of spores in a repeated pattern by
phialides. A key component of this module, AxI2, is a predicted cell surface protein that appears to control the transition from acropetal to
basopetal growth in phialides. The absence of AxI2 disrupts septin recruitment and results in the formation of shortened chains consisting
of only one or two spores. Because expression of AxI2 is controlled by the transcription factors BrlA and AbaA, transcriptional profiling
was used to identify additional components of the module. These include the conserved protein kinase NdrA as well as a novel protein
(PhiB) that is predicted to bind chitin. The absence of either of these proteins also leads to the production of shortened spore chains. In
addition, like AxI2, NdrA only localizes to phialide-spore junctions. Preliminary analysis of double mutants suggests that AxI2 and NdrA
define parallel pathways for the regulation of phialide morphogenesis.

Thioredoxins are essential for appressorium formation, conidiation, and circadian rhythm in Magnaporthe oryzae. C Jiang™?, SJ
Zhang?, JR XuZ 1) Purdue University, West lafayette, IN; 2) Northwestern A&F University, Yangling, China.

In the rice blast fungus Magnaporthe oryzae, the Mst11-Mst7-Pmk1 MAP kinase (MAPK) pathway is essential for appressorium
formation and infectious growth. Because the redox status can affect the dimerization of MAPK kinases and activation of downstream
MAP kinases, in this study we isolated and characterized the two thioredoxin genes, TRX1 and TRX2, in M. oryzae. TRX2 had a higher
expression level and was found to be the predominant thioredoxin gene. Whereas the trx1 mutants had no detectable phenotypes except a
minor reduction in conidiation, the trx2 mutant rarely produced conidia and was down-regulated in the expression of COM1, HTF1, and
CONT7 transcription factor genes. It was also significantly reduced in growth rate, aerial hyphal growth, and appressorium formation, and
only caused rare, non-typical lesions on rice seedlings. However, the trx1 trx2 double mutant was blocked in conidiation and conidiophore
development and it was non-pathogenic in infection assays with hyphal fragments or culture blocks. Germ tubes and hyphal tips of the trx2
and trx1 trx2 mutants were defective in appressorium formation and failed to penetrate and grow invasively in plant cells. In the trx2 and
trx1 trx2 mutants, the phosphorylation level of Pmk1 but not Mps1, was significantly reduced. Western blot analysis indicated that
deletion of TRX2 affected proper folding or dimerization of the Mst7 MEK kinase that functions upstream from Pmk1. Site-specific
mutagenesis indicated that Cys305 of Mst7 is important for its function. Therefore, TRX2 may affect appressorium formation and invasive
growth via Pmk1. In addition, we found that TRX2 also plays a role in responses to oxidative stress, accumulation of intracellular ROS,
and circadian rhythm. Taken together, our data showed that the thioredoxin genes play important roles in intracellular ROS signaling,
conidiogenesis, hyphal growth, and pathogenesis in M. oryzae.

Light regulation controls asexual and sexual development in Aspergillus nidulans. Reinhard Fischer. Dept of Microbiology, Karlsruhe
Institute of Technology (KIT), Karlsruhe, Germany.

Light perception has been a crucial step in evolution, because it is not only used as primary energy source of photosynthetic organisms,
but also for orientation in the environment. Only a few different chromophores have evolved as photoreceptors, some of which are retinal-,
flavin- or tetrapyrrol-based. Those chromophores are bound to proteins and undergo e.g. conformational changes upon light perception.
The chromophore changes hence cause conformational changes of the protein, which in turn change their activity. Light responses may be
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fast, but can also involve slow developmental changes of the entire organism. The latter response normally requires the differential
regulation of hundreds or thousands of genes. In the case of filamentous fungi, many physiological and developmental processes are
controlled by light. For instance Aspergillus nidulans senses red and blue light, which control the balance between asexual and sexual
reproduction but also secondary metabolite formation. We have discovered phytochrome as one of the photoreceptors in this fungus and
thus demonstrated that this chromophore is conserved from plants to lower eukaryotes. Transcriptional analyses revealed that hundreds of
genes are differentially expressed upon illumination. Taking two of the genes, the mechanism of light regulation has been studied. We
found that phytochrome along with a flavin-based blue-light receptor controls gene induction. In a novel approach we are trying to identify
new components of the light-sensing system using mutagenesis. “Blind” mutants were isolated, and their characterization is under way.
The aim is to identify the corresponding mutations by whole-genome sequencing.

Wednesday, March 18 3:00 PM-6:00 PM
Chapel

Epigenetics, Chromatin, and Genome Defense
Co-chairs: Isabelle Fudal and Zachary Lewis

Whole genome HiC analysis of interactions between chromosomal regions in wildtype Neurospora and in mutants defective in
heterochromatin machinery. Jonathan Galazka®, Andrew Klocko?, Eric Selker?, Michael Freitag*. 1) Department of Biochemistry and
Biophysics, Center for Genome Research and Biocomputing, Oregon State University, Corvallis, OR 97331; 2) Institute of Molecular
Biology, University of Oregon, Eugene, OR 97403.

Eukaryotic genomes are organized into chromatin domains with non-random three-dimensional arrangements that presumably result from
interactions of nucleic acid and protein factors within the physical constraints of the nucleus. It is of obvious interest to determine
interactions between various chromosomal regions defined by these nuclear constraints, as well as to identify important factors that limit
the interactions. We used chromosome conformation capture (3C) followed by high-throughput Illumina sequencing (HiC) to improve our
understanding of the organization of the Neurospora genome and to test the involvement of known components of heterochromatin
machinery in nuclear organization. We were most interested in regions classified as "constitutive™ and "facultative™ heterochromatin,
defined by methylation of histone H3 on lysine 9 (H3K9me3) or methylation of lysine 27 (H3K27me3), respectively. H3K9me3 results
from action of the DIM-5 methyltransferase, whereas H3K27me3 results from the action of the SET-7 methyltransferase of the PRC2
complex. We carried out HiC on chromatin from wildtype, and from dim-5 and set-7 mutants defective in the deposition of these histone
"marks". In addition, we characterized the hpo mutant, which is deficient in HP1, an important heterochromatin protein known to bind
H3K9me3. Our data for the genome configuration of wild type nuclei revealed intra- and inter-chromosomal associations between
heterochromatic domains, with the strongest interactions among the centromeres and telomeres. We found that neither loss of HP1, nor loss
of the H3K9me3 and H3K27me3 marks drastically disrupted chromatin organization. Nevertheless, we did observe changes in the
chromatin organization in these strains. Thus, our datasets not only define critical domains important for higher-order genome patterning,
but establish a baseline to which future mutants will be compared.

Heterochromatin components are requried for the normal genome integirty. Takahiko Sasaki, Zackary Lewis. Department of
Microbiology, University of Georgia, Athens, GA. 1000 Cedar Street, Biological science building Room 824, Athens, GA 30602.

In response to genotoxic stress, ATR and ATM kinase phosphorylate H2A in fungi and H2AX in animals on a C-terminal serine. The
resulting modified histone, called YH2A, recruits chromatin-binding proteins that stabilize stalled replication forks or promote DNA double
strand break repair. To identify genomic loci that might be prone to replication fork stalling or DNA breakage in Neurospora crassa, we
performed chromatin immunoprecipitation (ChIP) of yH2A followed by next-generation sequencing (ChlIP-seq). YH2A-containing
nucleosomes are enriched in Neurospora heterochromatin domains. These domains are comprised of A:T-rich repetitive DNA sequences
associated with histone H3 methylated at lysine-9, the H3K9me-binding protein Heterochromatin Protein-1 (HP1), and DNA cytosine
methylation. H3K9 methylation, catalyzed by DIM-5, is required for normal yH2A localization. In contrast, yH2A is not required for H3K9
methylation or DNA methylation. Normal yH2A localization also depends on HP1 and a histone deacetylase, HDA-1, but is independent of
the DNA methyltransferase, DIM-2. yH2A is globally induced in Adim-5 mutants under normal growth conditions, suggesting that the
DNA damage response is activated in these mutants in the absence of exogenous DNA damage. Together, these data suggest that
heterochromatin formation is essential for normal DNA replication or repair.

Identification of Neurospora Shelterin. Miki Uesaka, Ayumi Yokoyama, Shinji Honda. Life Science Unit, University of Fukui, Eiheiji,
Fukui, Japan.

A telomere-specific protein complex, Shelterin, caps and protects chromosome ends against inappropriate DNA damage, telomeric fusion
and telomere length in eukaryotes. However, in any filamentous fungi, the corresponding Shelterin has not been identified. Here we show
Neurospora Shelterin which is composed of at least five proteins. The two components, POT-1 and RAP-1, are conserved from yeasts to
mammals whereas the others are only conserved in Ascomycota. By Chromatin Immunoprecipitation (ChlP) assays, we confirmed that one
of Neurospora Shelterin components is specifically localized to telomeres. Fluorescence microscopic analyses revealed that all the
components of Neurospora Shelterin are co-localized to 2~4 foci within nuclei. The telomeric foci are mostly associated with nuclear
envelope and heterochromatin but not a single centromeric spot. Furthermore, the localization is not dependent of H3K9 methylation that
directs heterochromatin and DNA methylation.
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Epigenetic and transcriptional control in coordination of fungal development and secondary metabolism. Gerhard Braus.
Microbiol/Gen, Molec Microbiol, Georg-August Univ, Goettingen, Germany.

Differentiation and secondary metabolism are correlated processes in fungi that respond to various abiotic or biotic external triggers. The
velvet family of regulatory proteins plays a key role in coordinating secondary metabolism and differentiation processes as asexual conidia
formation or the formation of resting structures. Such overwintering structures are associated with a specific secondary metabolism
presumably for defense against other organisms of the habitat. The velvet domain family shares a protein domain that is present in most
parts of the fungal kingdom from chytrids to basidiomycetes. Velvet domain proteins interact with several epigenetic methyltransferases
which affect fungal secondary metabolism. The COP9 signalosome (CSN) protein complex is located genetically upstream of the velvet
proteins and is conserved from fungi to mammals. CSN is required for fungal development as a multicellular organism but in contrast to
mammals, CSN is not essential for fungal viability. CSN physically interacts with DenA which has a different impact on fungal
development. The last years have revealed a complex genetic network how the coordination between secondary metabolism and
development is controlled on different hierarchical levels which will be discussed.

Heterochromatic marks play an important role in regulating the symbiotic interaction between Epichloé festucae and Lolium
perenne and symbiosis-specific secondary metabolite gene expression. Tetsuya Chujo™?, Yonathan Lukito®, Murray Cox?, Barry Scott.
1) Institute of Fundamental Sciences, Massey University, Palmerston North, New Zealand; 2) National Institute of Agrobiological
Sciences, Tsukuba, Ibaraki, Japan.

Genes for the synthesis of ergot alkaloid (eas) and indole-diterpene (Itm) bioprotective metabolites are organised as clusters in the sub-
telomeric regions of the genome of Epichloé festucae, a fungal symbiont of Lolium perenne. These genes are all highly expressed in planta
but not expressed in axenic culture. To explain these observations we propose that these alkaloid gene loci have a repressive chromatin
structure in culture and that chromatin remodeling is important for activation of these gene clusters in planta. To test this hypothesis we
perfomed ChIP-qPCR, and found that levels of histone H3 lysine 9 and lysine 27 trimethylation (H3K9me3/H3K27me3) were reduced at
these gene loci in planta compared to axenic culture®. Deletion of E. festucae genes encoding the H3K9- (CIrD) or H3K27- (EzhB)
methyltransferases led to derepression of Itm and eas gene expression under non-symbiotic culture conditions. These changes in gene
expression were matched by corresponding reductions in H3K9me3 and H3K27me3 marks. Similarly, deletion of E. festucae hepA, which
encodes a homolog of heterochromatin protein-1, led to derepression of these gene loci. Each of the three mutants had distinct culture and
symbiotic interaction phenotypes. While the culture morphology and radial growth of dezhB was like wild-type, both AhepA and AclrD had
reduced radial growth, with the latter very severe. When L. perenne plants were inoculated with each of these three mutants, AclrD failed to
infect, 4ezhB induced a late onset hypertillering phenotype whereas 4hepA induced stunting of tiller growth and premature senescence of
the host. To gain further insight into possible mechanism(s) underlying some of these changes we have compared the transcriptomes of
wild-type and 4hepA symbiota using RNAseq. In summary, these results highlight the importance of the epigenetic state in controlling
fungal-plant symbiosis and alkaloid biosynthesis. 1) Chujo & Scott (2014). Mol Microbiol 92: 413-434.

Epigenetic hotspots are genomic islands for putative effector-encoding genes in Zymoseptoria tritici. Jessica L. Soyer™*3, Jonathan
Grandaubert®®, Klaas Schotanus®®, Janine Haueisen®®, Eva H. Stukenbrock?3. 1) INRA UR 1290 BIOGER - CPP Avenue Lucien
Brétigniéres, BP 01, 78850 Thiverval-Grignon, France; 2) Max-Planck-Institut for Evolutionary biology, August-Thienemann-Str. 2, 24306
Plon, Germany; 3) Christian-Albrechts University of Kiel, Am Botanischen Garten 1-9, 24118 Kiel, Germany.

The Dothideomycete Zymoseptoria tritici (synonym Mycosphaerella graminicola) is a pathogen of wheat (Triticum aestivum) and has a
hemibiotrophic life style suggesting a fine-tuned regulation of gene expression. The genome of Z. tritici comprises 21 chromosomes
including up to eight conditionally dispensable chromosomes (CDCs) containing a considerably higher proportion of transposable elements
(TEs) than core chromosomes (Goodwin et al., 2011). Evidence is accumulating that genes involved in host-pathogen interaction, such as
effector-genes, can be located in TE-rich, heterochromatic genomic regions. In Z. tritici, while CDCs are TE-rich, they harbor few effector-
genes. We however hypothesized that effector-genes are not randomly located on core chromosomes. In order to investigate their location
with respect to the chromatin structure, a genome-wide histone map was established using ChIP-sequencing and correlated with TE,
effector-gene location and transcriptomic data. As expected, CDCs are mainly heterochromatic while gene-rich core chromosomes are
mainly euchromatic, which is consistent with the low expression of genes located on CDCs compared to core chromosomes. TE-rich
regions of the core chromosomes are also enriched in histone modifications typical of heterochromatic domains, suggesting that an
epigenetic control of expression of the genes located in these regions could occur. We define these regions of the core chromosomes as
“epigenetic hotspots”. Analysis of the location of effector-genes in relation to epigenetic hotspots highlighted that these genes are
significantly associated with heterochromatic domains. We further investigated effect of this location on the regulation of expression of
these pathogenicity-related encoding genes during two stages of wheat infection. We conclude that TE-rich regions of core chromosomes
define genomic environments for putative effector-encoding genes and that histone modifications may control their expression.

Small RNAs - the secret agents for fungal attacks. Hailing Jin', Arne Weiberg®, Ming Wang®, Feng-Mao Lin? Hongwei Zhao?, Isgouhi
Kaloshian®, Hsien-Da Huang?. 1) Department of Plant Pathology & Microbiology, University of California, Riverside, CA., USA; 2)
National Chiao Tung University, Taiwan; 3) Department of Nematology, University of California, Riverside, CA, USA.

Most fungal genomes encode components of RNAi machinery, including Dicer-like proteins and Argonautes (AGOs). The role of fungal
small RNAs in genome defense, heterochromatin formation, and gene regulation has been demonstrated. However, it was not known
whether fungal small RNAs or RNA. are directly involved in pathogenicity.

Botrytis cinerea is an aggressive fungal pathogen that infects more than 200 plant species. Genome-wide small RNA profiling from B.
cinerea-infected Arabidopsis and tomato has identified a group of small RNAs from B. cinerea that can potentially target important
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regulatory genes in plant hosts. Genetic and biochemical studies have demonstrated that some B. cinerea small RNAs (Bc-sSRNASs) can
selectively silence host immunity genes by hijacking host RNAi machinery. These Bc-sRNAs are loaded into host AGO proteins to silence
host genes involved in defense. Deviated from the conventional pathogen protein effectors that suppress host immunity in plants and
animals, we demonstrate that a fungal pathogen transfers “virulent” sRNA effectors into host cells to achieve infection. The implications of
this finding may extend beyond grey mold disease or plant fungal diseases in general.

Investigating the RNA molecules of meiotic silencing by unpaired DNA (MSUD). Dilini A. Samarajeewa’, Nicholas A. Rhoades®, Hua
Xiao?, Kevin A. Edwards, Patrick K.T. Shiu?, Thomas M. Hammond?. 1) School of Biological Sciences, Illinois State University, Normal,
Illinois, 61790; 2) Division of Biological Sciences, University of Missouri, Columbia, Missouri, 65211.

In Neurospora crassa, meiotic silencing by unpaired DNA (MSUD) is a process that detects and silences unpaired DNA between
homologous chromosomes during sexual development. It is believed that MSUD works through an RNA interference-related pathway that
begins with the production of aberrant RNAs (aRNAs). However, these aRNAs have yet to be identified. Here, we present results from
experiments designed to identify these theoretical molecules. Additionally, we present results from our analysis of a novel MSUD
protein. This protein has RNA binding domains and it could be involved in transporting MSUD-related RNA molecules, such as aRNAs,
to their proper destination in the meiotic cell.

Wednesday, March 18 3:00 PM-6:00 PM
Fred Farr Forum

Fungus-animal Interactions
Co-chairs: Robert Cramer and Stephanie Diezmann

Candida albicans commensalism in the mammalian host. Suzanne Noble. Microbiology & Immunology; Medicine, UCSF School of
Medicine, San Francisco, CA.

Among an estimated 5,000,000 fungal species, Candida albicans is the dominant commensal of the human gastrointestinal tract, as well
as the most common invasive pathogen. We previously reported that exposure of C. albicans yeasts to the mammalian Gl tract triggers a
morphological switch between oval “white” cells, which are virulent in disseminated infections, and cigar-shaped “GUT” cells, which
exhibit enhanced commensal fitness in a murine Gl infection model. The white-to-GUT switch requires the Worl transcription factor,
which also promotes sexual switching by rare C. albicans strains that have lost an allele of the Mating Type-Like Locus, MTL. Unlike the
sexually competent “opaque” cell type, however, GUT cells are incapable of mating and lack other functional hallmarks of opaque cells
whereas, unlike GUT cells, opaque cells are attenuated for commensalism. We hypothesize that C. albicans responds to specific signals
from the mammalian Gl tract to activate the white-to-GUT switch, thereby triggering a metabolic shift and other changes that are adaptive
in this environment. To better understand the switch, we have developed an in vitro assay that elicits reversible, WOR1-dependent cell
elongation of wild-type MTLa/a. cells. Using this tool, we have begun to dissect the host signals and fungal signaling pathways that trigger
commensal switching behavior. Broadly speaking, the GUT cell type switch illuminates how a single organism can inhabit radically
different host environments and transition between commensalism and invasive tissue pathogenesis.

The heat shock response 9overned by Hsp90 and Hsf1l is necessary for cell survival and virulence in the pathogenic fungus Candida
albicans. Michelle Leach'?, Rhys Farrer’, Koon Ho Wong*, Christina Cuomo®, Al Brown?, Leah Cowen®. 1) Molecular Genetics Dept,
University of Toronto, Toronto, Canada; 2) University of Aberdeen, IMS, Aberdeen, UK; 3) Broad Institute, Cambridge, MA, USA,; 4)
Faculty of Health Sciences, University of Macau, Macau.

Temperature is a ubiquitous environmental variable, adaptation to which is necessary for survival in all organisms. Upon exposure to a
sub-lethal heat shock in yeast, normal metabolic functions become repressed and the heat shock transcription factor Hsfl is activated,
inducing heat shock proteins (HSPs). Candida albicans, the most prevalent human fungal pathogen, is an opportunistic pathogen that has
evolved as a harmless commensal of healthy individuals. Even though C. albicans occupies thermally buffered niches, it has retained the
classic heat shock response, activating Hsf1 during slow thermal transitions such as increases in temperature suffered by febrile
patients. The molecular chaperone Hsp90 interacts with and down-regulates Hsfl in C. albicans, modulating short-term activation of
the heat shock response. To obtain a global picture of the heat shock response we have performed both RNA-seq and ChIP-seq in the
absence and presence of heat shock to determine which genes Hsfl binds and regulates. As expected, Hsf1 binds to and regulates heat
shock proteins necessary for cell survival upon a heat shock. However, a subset of genes required for virulence was also upregulated and
bound by Hsfl. These genes are not required for survival at high temperatures, with mutants lacking these genes displaying no growth
defect upon heat shock. Our data suggest that Hsf1 is not only essential for regulating genes necessary for cell survival upon heat shock,
but also genes required for virulence. Indeed, cells that have received a sub-lethal heat shock are more virulent in a Galleria
mellonella model of infection compared to cells grown at 30°C. Finally, we show that depletion of HSP90 drastically changes the
signature of the heat shock response, blocking upregulation of many of these virulence genes. Therefore, Hsfl and Hsp90 act in concert in
the pathogen to combat the host response of fever by upregulating genes necessary for cell survival and continued infection.

Iron sources and siderophore production in Paracoccidioides spp. CELIA SOARES. Molecular Biology Laboratory, Institute of
Biological Sciences, Federal University of Goias, Goiania, Goias, Brazil.
Iron sources and siderophore production in Paracoccidioides spp. Iron is essential for the proliferation of fungal pathogens during
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infection. The availability of iron is limited due to its association with host proteins. Host iron sources used by Paracoccidioides spp. were
investigated. Paracoccidioides spp. present hemolytic activity and have the ability to internalize a protoporphyrin ring. A hemoglobin
receptor ortholog, Rbt5, was identified as a surface GPl-anchored protein that recognized hemin, protoporphyrin and hemoglobin in vitro.
Antisense RNA technology and Agrobacterium tumefaciens-mediated transformation were used to generate mitotically stable Pbrbt5
mutants. The knockdown strain had a lower survival inside macrophages and in mouse spleen when compared with the parental strain,
which suggested that Rbt5 could act as a virulence factor. In summary, our data indicate that Paracoccidioides spp. can use hemoglobin as
an iron source most likely through receptor-mediated pathways that might be relevant for pathogenic mechanisms. Additionally, pathogens
may present specific mechanisms for iron uptake, which include the production and secretion of siderophores, low-molecular weight ferric
iron-specific chelators. Quantitative real time PCR demonstrated that genes involved in siderophore biosynthesis and transport are induced
under iron starvation. Biochemical assays demonstrated that Paracoccidioides species produce and secret hydroxamate-type siderophores
under iron deprivation. Reversed-phase HPLC and mass spectrometry analysis of culture supernatants revealed that the fungus secretes
coprogen B. Ferricrocin and ferrichrome C were detected in Paracoccidioides as the intracellular produced siderophores. Cross-feeding
experiments demonstrated that siderophores secreted by Paracoccidioides restored the growth of an Aspergillus nidulans mutant unable to
grow in standard growth media unless siderophores are supplied. Together, these data denote that synthesis and utilization of siderophores
are mechanisms used by Paracoccidioides to surpass iron limitation. As iron paucity is found within the host, iron uptake molecules
production may be related to fungus pathogenicity.

Manipulation of macrophage biology by the intracellular fungal pathogen Histoplasma capsulatum. Bevin English, Young Nam Lee,
Dervla Isaac, Charlotte Berkes, Anita Sil. Howard Hughes Medical Institute, Dept. of Microbiology and Immunology, UCSF, San
Francisco, CA.

Histoplasma capsulatum (Hc) is a primary fungal pathogen of humans and other mammals. As an intracellular pathogen, Hc is able to
subvert the immune function of naive macrophages and replicate within the phagosome, eventually causing macrophage lysis. However,
the mechanism by which Hc causes host-cell death is unknown. Macrophage lysis is dependent upon the secreted protein Cbpl (calcium
binding protein 1, ref 1); we show that cbpl mutant yeast are able to grow to high levels within macrophages, but these host cells do not
lyse, indicating that high intracellular fungal burden is not sufficient to trigger host-cell death. Because Chpl has no known protein
domains and only a few orthologs which are relatively unstudied, we undertook two exploratory approaches to begin to elucidate the
mechanism by which Cbpl mediates the interaction between Hc and its host. The first approach is a comprehensive alanine scanning
mutagenesis of Cbpl, which enabled us to identify a group of acidic residues at the N terminus that are necessary for macrophage lysis. We
are currently assessing the mutant library for other Cbpl properties, such as calcium binding, which will enable us to either link or
uncouple these properties to the ability to trigger host-cell death. The second exploratory approach was transcriptional analysis of infected
macrophages, which led to the identification of a set of host genes that are induced during Hc infection in a Cbpl-dependent
manner. Several of these host genes are involved in ER stress and apoptosis, including Tribbles3 (TRB3). Here we show that macrophages
deficient for TRB3 are resistant to Cbpl-mediated lysis. Similarly, macrophages lacking both Bax and Bak, key components of the
apoptotic pathway, are also resistant to lysis during Hc infection. These data suggest that Cbp1 induces apoptosis in the host cell, and we
are currently investigating host factors that interact with Cbp1l to cause macrophage death.

Function and regulation of the Candida glabrata Pdr1 transcription factor. Sanjoy Paul®, Thomas Bair?, Hayes McDonald®, W. Scott
Moye-Rowley*. 1) Dept Molec Physiology/Biophy, Univ lowa, lowa City, IA; 2) lowa Institute of Human Genetics, Univ lowa, lowa City,
1A; 3) Mass Spectrometry Research Center, Vanderbilt University, Nashville, TN.

Candida glabrata is an emerging pathogen found in up to 25% of candidemias. One of the major complications associated with C.
glabrata infections is its facile acquisition of resistance to the azole drugs, the major clinical antifungal agent. Experiments from several
labs have established that a key transcription factor called Pdrl mediates transcriptional induction of a suite of genes that include ATP-
binding cassette transporter proteins that ultimately produce azole resistance. Pdrl is induced upon exposure to azole drugs and can be
genetically activated by substitution mutations or in response to loss of the mitochondrial genome. While homologues of Pdrl have been
extensively studied in Saccharomyces cerevisiae, less is known about the function of the C. glabrata Pdrl. We have carried out two
analyses aimed at determining unique aspects of the role of Pdrl in this pathogen. First, chromatin immunoprecipitation coupled with high
throughput sequencing (ChlP-seq) analysis was used to map the Pdr1 binding sites across the C. glabrata genome. While similarities were
seen in the range of target promoters when compared to S. cerevisiae, important differences were also discovered. Second, a tandem
affinity purification (TAP)-tagged form of PDR1 was prepared and used to isolate this transcription from cells with or without a
mitochondrial genome. Mass spectrometric analysis of purified protein indicated that factors involved in control of ubiquitination and
protein folding were co-purified with TAP-Pdrl. Progress in understanding the role of these interactions in regulation of Pdrl will be
presented.

Characterization of Myosins in Aspergillus fumigatus Growth and Pathogenesis. Hilary Renshaw', Praveen R. Juvvadi?, José M.
Vargas-Mufiiz}, Amber D. Richards®, William J. Steinbach™?. 1) Department of Molecular Genetics and Microbiology, Duke University
Medical Center, Durham, NC; 2) Department of Pediatrics, Duke University Medical Center, Durham, NC.

Aspergillus fumigatus is the etiological agent of invasive aspergillosis, a leading cause of death in immunocompromised patients.
Invasion of host tissue by this fungus is facilitated by polarized hyphal growth and septation. Myosins are a group of motor proteins known
to be involved in hyphal growth, morphology and septation in fungi. However, the role of myosins in the growth and virulence of a human
pathogen has never been explored. In this study, we investigated A. fumigatus myosins belonging to three different classes: class | (MyoA),
class I (MyoB), and class V (MyoE). We generated two myosin single deletion strains (AmyoB and AmyoE) and a double deletant (AmyoB
AmyoE). Attempts to delete the myoA gene were unsuccessful, suggesting its essential nature. While the AmyoB strain showed aberrant
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septation it was also hypersensitivity to anti-cell wall agents revealing its role in maintaining cell wall integrity. Deletion of myoE resulted
in reduced hyphal extension and hyperbranching, indicating its role in preserving hyphal polarization and/or suppressing new growth foci.
In addition, the AmyoE strain displayed hyperseptation albeit with normal septa, suggesting that MyoE is necessary for regular septation. In
contrast to the AmyoE strain, the AmyoB AmyoE strain showed broader hyphae with reduced hyphal extension and absence of septation,
indicating that both MyoB and MyoE are integral for septum formation. Both AmyoB and AmyoE strains were hypovirulent in a screening
Galleria mellonella model of invasive aspergillosis; however, surprisingly, only the AmyoB strain displayed decreased virulence in a
neutropenic murine model of infection. Taken together, these data demonstrate the crucial but distinct roles that myosins play in
maintaining proper hyphal morphology and for pathogenesis of A. fumigatus.

An extracellularly-produced peptide acts intracellularly to program fungal virulence. C. Homer!, D. Summers?®, A. Goranov?, S.
Clarke?, D. Wiesner®, D. Tofaletti*, J. Moresco®, I. Caradonna?, S. Petnic, J. Yates®, J. Perfect*, K. Nielsen®, C. Craik?, H. Madhani®. 1)
Dept. of Biochemistry and Biophysics, UCSF , San Francisco, CA, 2) Dept. of Pharmaceutical Chemistry UCSF, San Francisco, CA; 3)
3Deparment of Microbiology Univ. of Minnesota Minneapolis, MN; 4) Dept. of Medicine Duke University Durham, North Carolina, USA;
5) Scripps Research Institute La Jolla, California, USA.

We report a peptide-based cell-to-cell signaling system required for virulence in the fungal pathogen Cryptococcus neoformans. QSP1
encodes the precursor of a C-terminally-encoded 11 amino acid secreted peptide. We find that qgsp1A mutants are significantly attenuated in
a murine inhalation model, with a defect in pulmonary fungal burden, but no obvious difference in the pulmonary inflammatory response.
In contrast, gsp1A cells do not show defects in a rabbit CNS infection model, suggesting a niche- or infection stage-specific role. Mutant
cells proliferate normally in vitro under a variety of starvation and stress conditions, but exhibit a rough colony morphology, suggestive of
surface changes. Indeed, the mutant displays slightly increased levels of polysaccharide capsule, a modest decrease in melanization, less
organized cell wall ultrastructure, and increased sensitivity to the cell wall probe SDS. Qspl also impacts the pattern of extracellular
protease activity. The ability of the synthetic Qsp1 peptide to complement the colony morphology phenotype of gsp1A cells is sensitive to
most amino acid changes and truncations indicating a strong connection between Qsp1 structure and function. Biogenesis of Qsp1 requires
an extracellular serine protease that liberates the mature peptide from its precursor. Qspl sensing does not require any known GPCR or
two-component receptor, but instead requires a predicted oligopeptide transporter. These findings suggest that import of Qspl into cells is
required for its action. Indeed, we observe that intracellular expression of the mature Qsp1l peptide reverts colony morphology phenotype
of the null mutant. Thus, Qsp1 is an extracellularly-matured peptide that promotes density sensing and virulence and that possesses at least
one intracellular site of action.

Identification of conserved and novel features of the alkaline response pathway in the fungal pathogen Cryptococcus neoformans.
Kyla Selvig®, Teresa O'Meara?, Naureen Huda®, Shannon Esher, J. Andrew Alspaugh®. 1) Department of Medicine, Duke University,
Durham, NC; 2) Department of Molecular Genetics, University of Toronto, Toronto, CANADA.

The Rim/Pal pathway is a conserved fungal signaling pathway responsible for sensing and responding to alkaline extracellular pH. This
pathway was first identified and characterized in members of the ascomycete phylum. Here, we analyze the Rim/Pal pathway in the
opportunistic fungal pathogen, Cryptococcus neoformans, a member of the basidiomycete phylum. We found that like in ascomycete fungi,
the C. neoformans Rim101 transcription factor is proteolytically activated in response to alkaline pH. Rim101 activation requires the
ESCRT pathway along with three conserved Rim pathway components, Rim23, Rim20, and Rim13. Interestingly, C. neoformans and
related basidiomycete fungi lack clear orthologs for the most upstream components of the pathway, which are responsible for sensing
extracellular pH and activating the pathway. To identify these unknown Rim signaling components, we performed a random mutagenesis
screen specifically designed to identify activators of the C. neoformans Rim pathway. From this screen, we identified a novel protein,
which we named RRA1 (Required for Rim101 Activation 1). RRAL appears to be specifically conserved in basidiomycete fungi, indicating
that RRAL is likely a previously unidentified component of the basidiomycete Rim pathway. Supporting this hypothesis, we found that
disrupting the RRA1 ortholog in Cryptococcus gattii produced mutant phenotypes identical to a C. gattii rim1014 mutant. RRAL is
predicted to encode a membrane protein that is structurally similar to the Rim21/PalH pH membrane receptor in the ascomycete Rim
pathway. However unlike the Rim21/PalH pH receptor, Rral does not appear to be localized on the plasma membrane or on intracellular
vesicles, but is primarily localized to the endoplasmic reticulum. Future experiments will determine the specific role of Rral in Rim
pathway activation, and whether the ER is the true site of Rral function. These studies have significantly advanced our understanding of
the mechanisms of environmental sensing and adaptation in C. neoformans and other basidiomycetes.

Wednesday, March 18 3:00 PM-6:00 PM
Kiln

Secondary Metabolism
Co-chairs: Robert Proctor and Masayuki Machida

Secondary metabolism in Fusarium fujikuroi: genome mining and hierarchical regulatory networks. Bettina Tudzynski’, Lena
Studt?, Slavica Janevska', Eva-Maria Niehaus®, Andreas Pfannmiller’, Sarah Résler’, Caroline Michielse!, Birgit Arndt?, Hans-Ulrich
Humpf?. 1) Inst Biology and Biotechnology, University Munster, Munster, Germany; 2) Institut of Food Chemistry, University Munster,
Munster, Germany.

The recent comprehensive analysis of the high-quality genome sequence of the gibberellin (GA)-producing fungus F. fujikuroi revealed
the presence of about 50 mostly unknown secondary metabolite (SM) gene clusters. The expression of most of these clusters depends on
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nitrogen availability and pH. Some of these gene clusters could be linked to particular products. However, most of them are still cryptic and
often silent. In order to activate those cryptic gene clusters we use different approaches in our group: 1) Overexpression of pathway-
specific transcription factors, 2) Deletion and and overexpression of global regulators, (AreA, AreB, Velvet, Lael, Sgel), and 3) Deletion
and overexpression of genes involved in histone modifications.

By overexpressing the pathway-specific transcription factors we were able to activate two cryptic F. fujikuroi-specific SM clusters (PKS19
and NRPS31) that are not present in any other sequenced fungal genome. Structure elucidation revealed a new family of polyketides named
fujikurins and a new cyclic tetrapeptide, apicidin F (APF), respectively. The APF gene cluster is an example for the complex and
hierarchical regulation of secondary metabolism. Beside the APF-specific transcription factor APF2, the nitrogen regulator AreB and the
global regulator Sgel are essential for cluster gene expression, while AreA does not play any role. Overexpression of APF2 led to
significant up-regulation of the cluster genes. However, deletion of Sgel in the OE:APF2 background almost completely abolished the
activating effect of APF2 suggesting that Sgel acts at a higher regulation level, e.g. chromatin remodeling. Overexpression of Sgel is
sufficient to overcome repression of altogether 3 nitrogen-induced SM gene clusters (fusarin, fusaric acid and APF) underlining its
important role as master regulator of secondary metabolism. Furthermore, deletion of histone-modifying genes also resulted in deregulation
of several SM gene clusters.

The evolution of secondary metabolite degradation by specialization of gene clusters. Jason Slot*, Antonis Rokas?, George Greene®?,
Emile Gluck Thaler. 1) Plant Pathology, The Ohio State University, Columbus, OH:; 2) Biological Sciences, Vanderbilt University,
Nashville, TN; 3) Program in Genetics and Genomics, Duke University, Durham, NC.

The ability to neutralize or degrade host secondary metabolites is a key component of the metabolism of fungi that interact with plants.
Many fungi possess metabolic adaptations that enable them to use specific plant defense compounds as a carbon source. Nutritional
exploitation of plant defenses by fungi is important because it has been associated with increased virulence of fungal pathogens on a
population level, and also because many of these metabolic pathways may be useful for degradation of pollutants that resemble defense
compounds. Recently, we have identified gene clusters in Pezizomycotina, which putatively degrade phenolic plant defense compounds.
These gene clusters are specialized adaptations of tyrosine catabolism with a spotty, ecological signature to their distribution, which has
been influenced by horizontal gene transfer. Our analyses of remodeling of specialized clusters for phenolic compound degradation suggest
that metabolic rewiring has occurred as an evolutionary response to specialization on alternative phenolic substrates. We present our
investigation of putative stilbene degradation clusters in relation to diversification of plant secondary metabolism and fungal niche.

Fine scale evolution of fungal secondary metabolism. Kathryn Bushley', Stephen Rehner?, Joseph Spatafora®. 1) Department of Plant
Biology, University of Minnesota, Saint Paul, MN; 2) Systematic Mycology and Microbiology Laboratory, USDA-ARS, Beltsville,
Maryland 20705; 3) Department of Botany and Plant Pathology, Oregon State University, Corvallis, Oregon, United States of America.

Modular fungal secondary metabolite genes such as nonribosomal peptide synthetases and polyketide synthases, are among the most
rapidly evolving of fungal genes. They respond to selective pressures in the environment, often allowing fungi to adapt to specific
environments and hosts. Secondary metabolite gene clusters containing these core genes is also highly dynamic in terms of both gene
composition, syntenic relationships among genes, and chromosomal locations. Thus, “evolutionary tinkering” at the levels of both genes
and gene clusters can lead to novel chemical products. While the evolution of NRPS and PKS genes has been studied both broadly across
the fungal kingdom and within specific groups and genera of fungi, patterns of evolution of these rapidly evolving genes are often difficult
to infer across these larger taxonomic distances. Focusing on host and geographically diverse isolates of the cosmopolitan soil fungus and
insect pathogen Tolypocladium inflatum and strains within the highly diverse Beauveria bassiana species complex, the fine-scale evolution
of secondary metabolite genes and clusters is examine at the population level. The relative contribution of mechanisms such as
transposition, selection, recombination, and gene conversion in driving the diversification or loss of secondary metabolites genes and
clusters as well as the degree to which mechanisms are conserved across these two groups of fungi is explored.

Discovery of fungal secondary metabolic pathways from large-scale genomic and transcriptome information. M. Umemura®, N.
Nagano?, H. Koike!, K. Tamano’, K. Abe®, K. Shin-ya*, K. Asai?, M. Machida®. 1) Bioproduction Res. Inst., AIST, Sapporo, Japan; 2)
Computational Biol. Res. Center, AIST, Tokyo, Japan; 3) Grad. Sch. Agricultural Sci., Tohoku Univ., Sendai, Japan; 4) Biomedical Res.
Inst., AIST, Tokyo, Japan.

Fungi produce numerous secondary metabolites, many of which are bioactive and valuable for medicinal uses. Major biosynthetic
pathways responsible for the synthesis of their main skeletal structures are polyketide synthases (PKSs), non-ribosomal peptide synthetases
(NRPSs) and terpene cyclases, which are detectable in genome sequences owing to their sequence motifs. Other unknown types of
secondary metabolite biosynthetic (SMB) pathways can even still exist, because it is just a fraction of the metabolites whose biosynthetic
pathways are elucidated in filamentous fungi. Here, to explore genome information for SMB pathways, a motif-independent method,
MIDDAS-M, is presented. The MIDDAS-M algorithm is based on the characteristics that SMB genes are clustered and cooperatively
expressed on a fungal genome. It can detect novel types of SMB pathways using only gene-annotated genome information and
transcriptome data. Thanks to this method, the fungal secondary metabolite, ustiloxin B, turned out to be produced by a ribosomal peptide
synthetic (RiPS) pathway, which is the first report for filamentous fungi excluding Amanita mushroom. This RiPS pathway is quite unique
and different from other known bacterial ones because its precursor protein contains 16-fold repeated core peptides that construct the cyclic
portion of the compound. Based on the characteristics, other fungal RiPS pathways were searched and two corresponding novel RiPS
compounds have been recently identified. In addition to RiPS, unknown but functionally characteristic gene clusters are sharply detected by
MIDDAS-M, which might broaden the field of fungal secondary metabolites further.
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Examining the evolution of the regulatory circuit controlling secondary metabolism and development in Aspergillus. Abigail Lind*,
Jennifer Wisecaver?, Timothy Smith®, Xuehan Feng®, Ana Calvo®, Antonis Rokas“?. 1) Biomedical Informatics, Vanderbilt University,
Nashville, TN; 2) Biological Sciences, Vanderbilt University, Nashville, TN; 3) Biological Sciences, Northern Illinois University, Dekalb,
IL.

Filamentous fungi produce diverse secondary metabolites (SMs) essential to their ecology and adaptation. Although each SM is typically
produced by only a handful of species, global SM production is governed by widely conserved transcriptional regulators in conjunction
with other cellular processes, such as development. We examined the interplay between the taxonomic narrowness of SM distribution and
the broad conservation of global regulation of SM and development in Aspergillus, a diverse fungal genus whose members produce well-
known SMs. Evolutionary analysis of the 2,124 genes comprising the 262 SM pathways in four Aspergillus species showed that most SM
pathways were species-specific, that the number of SM gene orthologs was significantly lower than that of orthologs in primary
metabolism, and that the few conserved SM orthologs typically belonged to non-homologous SM pathways. RNA sequencing of two
master transcriptional regulators of SM and development, veA and mtfA, showed that the effects of deletion of each gene, especially veA, on
SM pathway regulation were similar in A. fumigatus and A. nidulans, even though the underlying genes and pathways regulated in each
species differed. In contrast, examination of the role of these two regulators in development, where 94% of the underlying genes are
conserved in both species showed that whereas the role of veA is conserved, mtfA regulates development in the homothallic A. nidulans but
not in the heterothallic A. fumigatus. Thus, the regulation of these highly conserved developmental genes is divergent, whereas—despite
minimal conservation of target genes and pathways—the global regulation of SM production is largely conserved. We suggest that the
evolution of the transcriptional regulation of secondary metabolism in Aspergillus represents a novel type of regulatory circuit rewiring and
hypothesize that it has been largely driven by the dramatic turnover of the target genes involved in the process.

A trichothecene biosynthetic enzyme complex and a potential mechanism for cellular trichothecene traffic in Fusarium
graminearum. Karen Broz, Marike Boenisch, Burcu Yordem, H. Corby Kistler. USDA ARS Cereal Disease Lab and University of
Minnesota, 1551 Lindig St., St. Paul, MN 55108.

The plant pathogenic fungus Fusarium graminearum produces the terpenoid mycotoxin deoxynivalenol (DON) and DON derivatives
during infection of wheat as well as when induced in culture. Transcription factor Tri6p regulates expression of genes for enzymes in the
mevalonate pathway (primary metabolism) as well as the DON biosynthetic pathway (secondary metabolism). Genes for both pathways
display similar patterns of expression during infection, suggesting DON synthesis requires pathway coordination. When strains with
fluorescently labeled enzymes are grown in medium conducive to DON induction, the mevalonate pathway enzyme HMG CoA reductase
(Hmrl) co-localizes with the DON biosynthetic enzymes Tril and Tri4 in spherical membranous structures called "toxisomes". Strict co-
localization of Hmrlp, Tri4p, and Trilp suggest that the enzymes may be part of a multi-enzyme complex, a hypothesis supported by
fluorescence resonance energy transfer (FRET) between fluorescently tagged proteins. To further characterize proteins of the toxisome,
fluorescence-activated cell sorting (FACS) was used to enrich for Tridp::RFP tagged toxisomes for proteomic analysis. Preliminary
analysis of the FACS-enriched proteome revealed co-enrichment for additional enzymes involved in trichothecene and terpene
synthesis. While toxisomes are the proposed site of DON biosynthesis, other subcellular compartments may mediate export of DON. GFP
tagging of the trichothecene transporter Tril2p revealed localization to the plasma membrane as well as to vacuoles and small (1 pm)
motile vesicles which interact with toxisomes. Motile Tril2 vesicles labeled with GFP fuse with the vacuole or plasma membrane,
suggesting that vesicular transport of DON may play a role in cellular sequestration and export of the toxin. The t-SNARE protein
directing subapical exocytosis (SSO1) may be involved in toxin export. Deletion mutants (Assol) are significantly reduced in the ability to
accumulate DON and a DON derivative in toxin induced cultures. Our results suggest a role for vesicular trafficking and exocytosis in
export of DON.

Clues to an evolutionary mystery: the genes for T-toxin, enabler of the devastating 1970 Southern Corn Leaf Blight epidemic, are
present in ancestral species. Bradford Condon?, Candace Elliott?, Sung-Hwan Yun®, Youhei Haruki*, Motochiro Kodama®, B. Gillian
Turgeon’. 1) Department of Plant Pathology, Cornell University, Ithaca, NY; 2) School of Botany, The University of Melbourne, Parkville
3010 VIC, Australia; 3) Department of Medical Biotechnology, Soonchunhyang University, Asan, Chungham 336-745, South Korea; 4)
Laboratory of Plant Pathology, Fungus/Mushroom Resource and Research Center, Faculty of Agriculture, Tottori University, 4-101
Koyama-Minami, Tottori 680-8553, Japan.

The Southern Corn Leaf Blight epidemic of 1970 devastated fields of T-cytoplasm corn planted in monoculture throughout the eastern
US. The epidemic was driven by race T, a previously unseen race of the fungal Dothideomycete pathogen, Cochliobolus
heterostrophus. Race T produces T-toxin, a polyketide host selective toxin encoded by the genetically complex Tox1 locus. Despite forty
years of research, a definitive inventory of the genes at Tox1 and their evolutionary origin have remained a mystery. Here we show that an
Eurotiomycete species, Penicillium raistrickii, and two additional Dothideomycete species, Corynespora cassiicola and Leptosphaeria
maculans, possess all of the known Tox1 genes, at a single collinear genetic locus. The compact gene clusters in these species are in stark
contrast to the genetically disjointed C. heterostrophus race T Tox1 locus, and this finding suggests that the race T arrangement cannot be
the ancestral state. Furthermore, the clusters facilitate the definition of the Tox1 genetic boundaries. The Tox1-like gene discovery in other
species, especially in an Eurotiomycete, offers an opportunity to tackle the Tox1 evolutionary timeline for the first time, as the
Eurotiomycete/Dothideomycete split is estimated to have occurred ~320-400 MYA. However, phylogenetic analyses of PKS-encoding
genes are difficult because such genes have rapid evolution signatures and notoriously discontinuous distribution patterns. Thus, despite
finding Tox1-like gene clusters in species ancestral to C. heterostrophus, we find it difficult to distinguish between a history of
discontinuous evolution mediated by loss, gain, and recombination and a history of horizontal gene transfer.
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Comparative genomics and gene cluster identification in 28 species of Aspergillus section Nigri. Tammi Vesth®, Jane Nybo®, Sebastian
Theobald?, Ellen K. Lyhne!, Martin E. Kogle!, Igor Grigoriev®, Uffe H. Mortensen?, Scott E. Baker?, Mikael R. Andersen®. 1) Department
of Systems Biology, Technical University of Denmark, Kgs. Lyngby, Denmark; 2) Joint BioEnergy Institute, Emeryville, CA and
Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, WA, 3) Joint Genome Institute, Walnut
Creek, CA, USA.

The filamentous fungus Aspergillus niger and its close relatives in Aspergillus section Nigri are of broad interest to the scientific
community including applied, medical and basic research. The fungi are prolific producers of native and heterologous proteins, organic
acids (in particular citrate), and secondary metabolites (including bioactives and toxins such as ochratoxin A). Because of these abilities
they represent a substantial economic interests in bioenergy applications. While 8 individual species from this group has been whole-
genome sequenced, the genetic basis for these diverse phenotypes remains largely unidentified.

In this study, we have de novo sequenced the genomes of 20 additional species of the section Nigri, thus allowing the genome comparison
of all members of this important section of fungal species. Here we present the results of this large-scale genomic analysis where we have
examined the core genome of these 28 species and identified variations in the genetic makeup of individual species and groups of species.
In particular, we have found genes unique to Aspergillus section Nigri, as well as genes which are only found in subgroups of the section.
Our analysis here correlates these genes to the phenotypes of the fungi.

Furthermore, we have predicted secondary metabolite gene clusters in all 28 species. We present here an overview of these gene clusters
and how they are shared and vary between species. We also correlate the presence of gene clusters to presence of known fungal
metabolites.

Wednesday, March 18 3:00 PM-6:00 PM
Heather

Biodiversity of Fungi
Co-chairs: Linda Kohn and Georgianna May

Scaling fungal diversity from soil cores to continents. Kabir Peay*, Jenny Talbot?, John Taylor®, Rytas Vilgalys*, Thomas Bruns?. 1)
Biology, Stanford University, Stanford, CA; 2) Biology, Boston University, Boston, CA; 3) Plant and Microbial Biology, UC Berkeley,
Berkeley, CA, 4) Biology, Duke University, Durham, NC.

Fungi are a critical component of the diversity and function of terrestrial ecosystems. They regulate decomposition rates, facilitate plant
nutrient uptake and have a profound impact on agriculture and economics. Understanding the forces that structure fungal communities thus
has important theoretical and practical implications. While ecologists have long recognized the importance of scale on ecological
processes, fungal communities have primarily been studied at small-scales, focusing on deterministic processes. Understanding how
macroecological processes shape fungal communities is in part hindered by the lack of datasets spanning large spatial-scales and the
absence of distributional data for most fungi. To rectify this knowledge gap we used next generation sequencing of the internal transcribed
spacer region of the nrRNA genes to survey soil fungi across North American pine forests, spanning a diverse range of climates from
Florida to Alaska. At each site we took 26 soil samples arranged in a nested grid and stratified into organic and mineral soil horizons. At
the present we have obtained sequence data from over 1000 individual soil samples. Using this spatially explicit sampling design we
examine patterns of fungal diversity from very small to large spatial scales and across steep local environmental gradients. We also
compare patterns of diversity across different fungal taxonomic and functional groups. Using this unprecedented dataset we can make
inferences about the key drivers of fungal biodiversity and the scales at which they are most important.

Fungi as drivers of microbial community assembly: moving from patterns to molecular mechanisms. Benjamin Wolfe®, Rachel
Dutton?. 1) Biology, Tufts University, Medford, MA; 2) FAS Systems Biology, Harvard University, Cambridge, MA.

From an increasing number of high-throughput sequencing surveys, broad patterns of eukaryotic and prokaryotic microbial community
diversity are beginning to emerge. However, our understanding of processes driving these patterns of diversity is still limited due to the
complexities of experimentally manipulating most microbial communities. Using the fungal and bacterial communities from cheese rinds
as a tractable model system, we are determining the processes and molecular mechanisms by which fungi can shape diversity of multi-
species microbial communities. Across 137 different cheese rind communities, fungal diversity is positively correlated with bacterial
diversity. When grown in pairwise co-culture experiments, bacteria are more responsive to the presence of fungi than fungi are to bacteria,
suggesting that biotic interactions with fungi can be major drivers of community assembly. Using a combination of in vitro community
reconstructions, RNA-seq, and comparative genomics, we’re identifying the molecular mechanisms by which fungi structure bacterial
communities. Compositional overlap with other microbial communities and conserved molecular mechanisms driving species interactions
will allow us to translate our findings from cheese rinds to less tractable microbial communities.

Geographic and temporal structure of endophytic and endolichenic fungal communities of the boreal biome. Jana M. U'Ren’,
Francois Lutzoni?, Jolanta Miadlikowska?, Thomas Gleason!, Ashton Leo', James T. Monacell®, Kayla Arendt*, Emilie Lefevre?, Bernard
Ball?, Ko-Hsuan Chen?, Georgiana May*, Ignazio Carbone®, A. Elizabeth Arnold™®. 1) School of Plant Sciences, University of Arizona,
Tucson, AZ; 2) Department of Biology, Duke University, Durham, NC 27708 USA; 3) Center for Integrated Fungal Research, Department
of Plant Pathology, North Carolina State University, Raleigh, NC 27695 USA,; 4) Department of Ecology, Evolution, and Behavior,
University of Minnesota, St. Paul, MN 55108 USA; 5) Department of Ecology and Evolutionary Biology, University of Arizona, Tucson,
AZ 85721 USA.
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Although species-rich in all terrestrial communities, endophytic and endolichenic fungi reach their greatest phylogenetic diversity in
boreal forests -- earth’s largest forest biome and the most threatened due to climate change. Previous studies have used single sampling
events and culture-based methods to infer spatial-, geographic-, and host affiliations of these fungi. Here we utilize a collection of >16,000
cultures in conjunction with next-generation sequencing from the same host tissues to examine endophytic and endolichenic communities
from sets of 20 plant and lichen species sampled (a) in multiple years at one boreal site and (b) in eight sampling sites distributed along the
entire boreal belt. This study reveals previously unexplored temporal stability of fungal communities, with a particularly high stability in
long-lived lichen thalli. Endolichenic fungi were consistently more abundant in culture than endophytic fungi isolated from co-occurring
hosts, yet species diversity was similar among endophytic and endolichenic communities. We observed strong geographic structure in
fungal communities, with most fungal OTUs occurring only at a single site. Ongoing work will highlight the complementarity of culture-
based and culture-free methods, and examine the role of biotic and abiotic factors in structuring symbiotic fungal communities of the boreal
biome at both regional and continental scales.

Evolution of specificity in the lichen-forming genus Peltigera and its cyanobacterial partner: consequences on speciation rate and
geographical range. Jolanta Miadlikowska®, Nicolas Magain?, Bernard Goffinet?, Emmanuel Sérusiaux?, Frangois Lutzoni’. 1)
Department of Biology, Duke University, Durham, NC; 2) Evolution and Conservation Biology, University of Liége, Liége, Belgium; 3)
Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT.

Variation in specificity among symbiotic partners is key to a comprehensive understanding of the evolution of symbiotic systems. This
variation is expected to occur within species as well as within a broader inter-species phylogenetic framework. We assessed the level of
specificity of lichen-forming Peltigera species of the section Polydactylon (mycobiont) and their cyanobacterial partner Nostoc
(cyanobiont), by inferring the phylogeny of the mycobiont, based on five nuclear loci, and of their respective cyanobionts, using the rbcLX
region. A total of 208 lichen thalli, representing ca. 40 putative Peltigera species, were sampled worldwide. We found a broad spectrum of
specificity for both partners, ranging from strict specialists to generalists. However, mycobionts are usually more specialized than
cyanobionts by associating mostly with one or a few Nostoc phylogroups, whereas cyanobionts associate frequently with several Peltigera
species. A relatively recent colonization of a new geographic area (South America) seems correlated with a switch to a generalist pattern of
association by the mycobiont, and an increased rate of diversification. Specialization of the mycobiont seems to be acquired through time,
i.e., favored in areas where species have been established for long periods of time, and to be associated with lower mycobiont genetic
diversity. Overall, geographic ranges of these Peltigera species increase with the number of phylogroups with which they can form
successful symbioses. Therefore, the evolution of specificity seems to play a key role in defining the geographical range of mycobiont
species and cyanobiont phylogroups, and in mediating shifts in diversification rates of these Peltigera species.

Priority effects during fungal community establishment in beech wood. Jennifer Hiscox*, Melanie Savoury?, Sarah Johnston®, Carsten
Miiller!, Bjorn Lindahl? Hilary Rogers®, Lynne Boddy®. 1) Cardiff University, School of Biosciences, Sir Martin Evans Building, Museum
Avenue, Cardiff CF10 3AX; 2) Swedish University of Agricultural Sciences, Dept. of Soil and Environment, Box 7014, SE-750 07
Uppsala, Sweden.

Fungal communities in decomposing wood change with time, often beginning with relatively ruderal species and those establishing from
propagules latently present in functional sapwood. These are subsequently replaced by other species, particularly combative
basidiomycetes. At later stages fungi with other characteristics may appear, e.g. those tolerant of nutrient stress, or able to obtain nutrition
from the mycelia already present, or from by-products of their activity. Fruit body surveys hint that some fungi are associated with specific
predecessors, i.e. they are more frequently found fruiting after certain species than after others. However, fruit bodies are a poor surrogate
for active mycelium, and it has not been clearly determined whether the fungal species that arrive first dictate the subsequent pathway of
community development, i.e. whether there is a priority effect at the species level. We used traditional culture-based techniques coupled
with sequencing of amplified genetic markers to profile the communities in beech (Fagus sylvatica) disks that had been pre-colonised
separately with nine species from various stages of fungal succession. Clear differences in community composition were evident following
pre-colonisation by different species, with three distinct successor communities identified, indicating that individual species may have
pivotal effects in driving assembly history. However, priority effects were strongly affected by forest site - the pattern was not the same on
each one of the eight mixed deciduous forest experimental sites, which were geographically separated by between 0.25 and 105 miles.
Priority effects may depend on the available air spora and soil-borne spores and mycelia, and may be linked to biochemical alteration of the
resource and combative ability of the predecessor. Also, there was a strong correlation between fungal community structure and wood pH.

Common molds modify plant disease. Posy Busby', Kabir Peay?, George Newcombe®. 1) Biology, Duke University, Durham, NC; 2)
Biology, Stanford University, Stanford CA,; 3) College of Natural Resources, University of Idaho, Moscow ID.
Posy E. Bushy™?*, Kabir G. Peay®, George Newcombe?
!Biology Department, Duke University, Durham, North Carolina 27708
2College of Natural Resources, University of Idaho, Moscow, ldaho 83844
3Department of Biology, Stanford University, Stanford California 94305

Microfungi regarded as common molds (e.g., Alternaria, Cladosporium) occur in plant leaves as non-pathogenic leaf endophytes. Some
endophytes are known to decrease or increase disease severity in their host plants, serving as defense mutualists or pathogen enablers,
respectively. However, the generality of endophytes in modifying leaf disease severity has been explored rarely, and has not been coupled
with studies of their abundance and distribution in wild populations. We used next-generation DNA sequencing to characterize the fungal
leaf microbiome of Populus trichocarpa in wild populations throughout the Pacific Northwest (USA) and to determine how the relative
abundance of common leaf endophytes correlated with the severity of a major leaf rust disease of P. trichocarpa, Melampsora. We
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observed both positive and negative correlations between the relative abundance of common endophytes and rust severity. Using controlled
inoculation experiment, we then confirmed that the endophytes modify rust disease severity in the predicted directions. Our results
demonstrate that disease modification is a central function of common endophytes within the leaf microbiome of P. trichocarpa and that
leaf endophytes help explain geographic variation in plant disease severity.

A highly diverse clade of melanized fungi associated with leaves and trichomes of the endemic tree Metrosideros polymorpha at high
elevation sites in Hawai'i. Naupaka Zimmerman®, A. Elizabeth Arnold™?, Peter Vitousek®. 1) School of Plant Sciences, University of
Avrizona, Tucson, AZ; 2) Department of Ecology and Evolutionary Biology, University of Arizona, Tucson, AZ; 3) Department of Biology,
Stanford University, Stanford, CA.

The Hawaiian Islands are among the most isolated landmasses on earth, separated by thousands of miles of ocean from the nearest
continent. The youngest island in the Hawaiian chain, the Island of Hawai'i, is home to multiple volcanoes reaching 4000 m in elevation.
This combination of isolation and high elevation creates a distinctive environment in which few plant species establish and grow. Of the
hundreds of endemic tree species in the archipelago, only one grows at these highest elevation sites: Metrosideros polymorpha
(Myrtaceae). As part of a culture-free study focused on the biogeography of foliar fungal endophyte communities, ITS1 pyrosequencing
revealed unexpectedly high genetic diversity in a novel clade that was found almost exclusively at high elevation sites (1800m and 2400m
elevation). Across a broad elevation gradient (100m to 2400m), endophyte species richness was generally higher at lower elevations,
except for the portion of diversity represented by the novel clade: diversity in that lineage yields exceptionally high diversity at the highest
sites. Well-supported phylogenetic reconstructions using Bayesian and Maximum Likelihood approaches place the clade in the
Teratosphaeriaceae (Dothideomycetes). Subsequent culture-based investigations revealed that members of this clade live in close
association with leaf trichomes of their hosts and grow exceptionally slowly in culture. Analysis at the population level provides insight
into origins and distributions across the highest points on volcanoes of the Hawaiian Islands, and hypotheses regarding ecological modes in
these unusual environments.

Invasiveness of the harmful house-invader Serpula lacrymans — population genomics of the Japanese and European populations. I.
Skrede?, J. Hess?, S. V. Balasundaram®, D. Eastwood?, F. Martin®, A. Kohler®, C. Murat®, D. Barry*, M. Brandstrém Durling®, H.
Kauserud®, N. Hogberg®. 1) Department of Biosciences, University of Oslo, Oslo, Norway; 2) Department of Biosciences, Swansea
University, Swansea, UK; 3) Interactions Arbres-Microorganismes, INRA-Lorraine University, Nancy, France; 4) Société Alcina,
Montpellier, France; 5) Department of Forest Mycology and Plant Pathology, Swedish University of Agricultural Sciences, Uppsala,
Sweden.

The dry rot fungus, Serpula lacrymans, is the most efficient decomposer of buildings in temperate regions worldwide. Population genetic
data indicate that the species invaded Europe and Japan independently from its native range in central Asia. The European population has
further dispersed to the Americas and Australia, and both the Japanese and European populations have reached New Zealand and there
apparently admixed. In this study we are investigating the genetic, expressional and physiological basis for the success of the fungus as an
invader of human-made wood constructions. Whole genome sequences are obtained from twenty strains from each of the two initial
founder populations (Europe and Japan). Our preliminary results (based on two genomes from each population) show that the genetic
diversity is higher in the Japanese population, as there is a tenfold difference in number of SNP detected within populations. This is also
supported by previous studies using microsatellites and mating type linked markers. We also find that the Japanese strains are better
competitors than the European strains (in our experimental set-up they displace the competitor in 60% vs. 45% of the encounters,
respectively). In addition, preliminary results indicate that the Japanese population is more efficient in decomposing wood than the
European population. We suggest that the better performance among the Japanese isolates are linked to the higher genetic variation found
in this population.

Wednesday, March 18 3:00 PM-6:00 PM
Nautilus

Population Genomics and Microevolution
Co-chairs: Rachel Brem and Pierre Gladieux

The recent emergence of wheat blast in Brazil. Paulo C. Ceresini?, Vanina L. Castroagudl'nz, Jodo L. N. Maciel®, Bruce A. McDonald®.
1) Institute of Integrative Biology, ETH Zurich, Switzerland; 2) UNESP University of Sdo Paulo State, Ilha Solteira, SP, Brazil; 3)
EMBRAPA Wheat, Passo Fundo, RS, Brazil.

Wheat blast is caused by a Pyricularia species closely related to the rice blast fungus Pyricularia oryzae. It was first detected in the
1980s in Parana State, Brazil and has since spread across wheat growing areas in Brazil, Bolivia, Argentina and Paraguay. We conducted a
series of studies to determine the population genetic structure of the wheat blast pathogen and elucidate its origins. We collected
hierarchical samples of the fungus from wheat and other grass species across the known geographical range in Brazil, generating a sample
of 553 isolates. These isolates were characterized for mating types, 11 SSR loci, sequences of 10 housekeeping genes, two genes
associated with fungicide resistance, and an avirulence gene (AvrC0O39). A subset of strains was phenotyped for virulence on a set of
wheat differentials and resistance to Qol and azole fungicides. Since its emergence the wheat blast pathogen has evolved rapidly to
become resistant to fungicides and specialized to include at least 14 pathotypes. The population genetic structure is consistent with a mixed
reproductive system that includes regular recombination and significant gene and genotype flow over spatial scales of 1000s of km. By
comparing sequences of 10 housekeeping genes in over 100 isolates, we found that the wheat blast and rice blast pathogens are closely
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related, but phylogenetically distinct. We propose that the wheat blast pathogen should be named Pyricularia tritici to clearly distinguish it
from the rice blast pathogen Pyricularia oryzae. Isolates of Pyricularia from poaceous hosts such as Urochloa grass were indistinguishable
from P. tritici isolated from wheat and populations from the two host groups had the same genetic structure. Because Urochloa is a widely
grown pasture grass occupying more than 90 million ha in Brazil, we propose that Urochloa provides a major source of wheat blast
inoculum and may be the preferred host for pathogen recombination. We further postulate that Urochloa was the original host of P. tritici
and that wheat blast emerged through a series of host jumps from Urochloa in Brazil.

Identification of candidate effectors in the poplar rust fungus Melampsora larici-populina through a population genomics approach.
Antoine Persoons™?, Fabien Halkett'?, Stephane De Mita'?, Sebastien Duplessis*?. 1) INRA, Unité Mixte de Recherche 1136
INRA/Université de Lorraine, Interactions Arbres-Microorganismes, 54280 Champenoux, France; 2) Université de Lorraine, Unité Mixte
de Recherche 1136 INRA/Université de Lorraine IAM, 54506 VVandoeuvre-les-Nancy Cedex, France.

The outcome of host-pathogen interactions depends on a complex molecular dialogue between the protagonists. Effectors released by the
pathogen are critical for the success of infection, as they interfere with host metabolism, signaling and defense responses and allow
expression of the disease. Effector proteins reported so far in rust fungi exhibit common features (e.g. secreted, small, cysteine-rich) and
candidate effectors most likely reside among fungal secreted proteins. Melampsora larici-populina is a fungal pathogen responsible for the
foliar rust disease on poplar trees, causing severe damage in plantations. Almost all the resistances (R) released so far have been overcome,
with the latest major breakdown event in 1994 (R7). The genome of the virulent 7 isolate 98AG31 has been sequenced using a whole
genome shotgun strategy, revealing a large genome of 101 megabases containing 16,399 predicted genes including 1184 small secreted
proteins. A population genetics study based on 600 isolates was performed to finely determine the impact of this breakdown on the
demographic history of M. larici-populina. The genomes of 80 poplar rust isolates, distributed among three genetic groups, were sequenced
using lllumina technology to understand the effect of the R7 breakdown at the genetic scale. More than 300,000 polymorphic sites (SNPs)
were uncovered across isolates, indicating a remarkable level of polymorphism. In order to understand the emergence of the virulence 7,
we performed a genome scan analysis based on SNP data using differentiation and selection indices, taking into account the demographic
history. We found several genomic regions related to the virulence 7 that bear genes encoding small secreted proteins. This study
demonstrates the benefit of population genomics in the search for candidate effector genes. Functional validation of the most promising
candidates is underway. AP is supported by the Lab of excellence ARBRE (ANR-11-LABX-0002-01) and the SFP.

Evolution of an outbreak: Hypermutators and the Cryptococcus gattii outbreak. R. Blake Billmyre!, Shelly Clancey!, Sheng Sun®,
Piotr Mieczkowski?, Joseph Heitman®. 1) Duke University, Durham, NC; 2) University of North Carolina, Chapel Hill, NC.

Over the past fifteen years, an ongoing outbreak of the human fungal pathogen Cryptococcus gattii has occurred in the Pacific Northwest
of the United States and Canada. This outbreak is comprised of three subtypes of the VGII molecular type of C. gattii, based on multilocus
sequence typing, including the VGlla/major, the VGIIb/minor, and the VGllc/novel lineages. We performed whole genome sequencing and
analysis of previously published genomes to analyze a total of 53 VGII isolates. Each of the clonal lineages underwent sexual
recombination in the past, but recent crosses did not appear to contribute to the establishment of the outbreak lineages. Instead we found
that VGlla and VGIIb were likely introduced independently from South America and Australia respectively, while VGlIc may have arisen
locally. Interestingly, we found that the VGlla/major component of the outbreak has a clonal sublineage with diminished virulence that
harbors a single base deletion in the coding region of the gene encoding the DNA mismatch repair component Msh2. Strains with this
nonsense mutation in MSH2 have an increased mutation rate, ~5-fold in typical genes, but an even more dramatic hypermutator phenotype
(~100-fold elevation) in genes containing a homopolymer run within their coding regions. These genes occur frequently in the C. gattii
genome, with 4% of the gene set containing a homopolymer run of 8 bases or longer in the coding region. One of these mutations in a
homopolymer run resulted in unselected drug resistance to both FK506 and rapamycin via inactivation of the gene encoding the FKBP12
homolog. In a de novo deletion of MSH2 and in crosses the hypermutation trait segregates with the msh2 mutation. We hypothesize that the
VGlla/major strains responsible for the majority of the Pacific Northwest outbreak may have undergone microevolution mediated by a
transient hypermutator state in adapting to a new environment to cause disease. This model has been previously demonstrated in virulences
trajectories of bacterial pathogens and also operates in human colon cancer tumors but has not been previously observed in a fungal
pathogen. Studies in progress seek to address whether the mutator state is an ancestral or derived lineage.

Adaptive genome remodeling by massive changes in gene content and gene transfers across cheese fungi. Antoine Branca®, Jeanne
Ropars?, Ricardo Rodriguez de la Vega®, Manuela Lépez-Villaviciencio?, Jérome Gouzy®, Erika Sallet®, Sandrine Lacoste?, Robert
Debuchy*, Joélle Dupont?, Emilie Dumas®, Tatiana Giraud®. 1) Ecology Systematics and Evolution, CNRS - University Paris Sud, Orsay,
France; 2) Institut de Systématique, Evolution, Biodiversité, UMR 7205 CNRS-MNHN-UPMC-EPHE, CP39, 57 rue Cuvier, 75231 Paris
Cedex 05, France; 3) INRA-CNRS, Laboratoire des Interactions Plantes-Microorganismes (LIPM), UMR441, Castanet-Tolosan, F-31326,
France; 4) CNRS - Univ Paris-Sud, Institut de Génétique et Microbiologie UMR8621, Orsay, France.

Cheesemaking has been an essential innovation for the transformation of milk, a highly perishable food, into a long-term preservable
product. Two key Penicillium species have been used for the maturing of cheese: Penicillium roqueforti for blue cheeses and P.
camemberti for Brie-type cheeses. These two distantly related molds have been independently selected for growth in a human-made
nutrient-rich environment. Little attention has focused on the domestication and strain improvement of fungi, with a few notable
exceptions, despite their importance to bioindustry and to a general understanding of adaptation in eukaryotes. Here we compared the
genomes of ten Penicillium species isolated from various environments, including five newly-sequenced genomes. We show that
Penicillium fungi have adapted to the cheese medium through the convergent expansions of multigene families and multiple recent
horizontal transfers of crucial metabolic genes. We found in cheese-making Penicillium high numbers of lineage-specific genes family
expansions involved in the utilization of the nutrients present in the cheese, such as lactate and phospholipids. Most of these species-
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specific gene expansions co-occurred in recently horizontally transferred regions, with almost 100% identity between distant species, and
flanked by specific transposable elements. Laboratory assays linked the presence of a cheese fungus-specific horizontally-transferred
region to both faster growth and greater competitiveness on cheese. Our results have both industrial and food safety implications, and
improve our understanding of the genomic processes of adaptation to rapid environmental changes.

Exactly the same, except in every detail. Malcolm Whiteway, Hannah Regan, Yuan Sun, Pierre Cote. Biology, Concordia University,
Montreal, Quebec, Canada.

Saccharomyces cerevisiae and Candida albicans represent two ascomycetes that have similar genomes and can be manipulated by
transformation and molecular techniques, but have dramatically different lifestyles. In both the regulation of central metabolic circuits and
in the control of specialized circuits such as those for mating, these two species use evolutionarily related proteins to perform functionally
equivalent processes. However, analysis of these circuits identifies surprising variability in the way the cells actually use these similar
proteins to do apparently similar jobs. We have been investigating the mating response pathway in the two species to understand how
heterotrimeric G proteins and MAP kinase cascades are directed to control the response to mating pheromones. While the extensive
rewiring of functions is currently being characterized in a variety of cellular processes, future research will need to be directed at
understanding the evolutionary forces that have generated this variety.

Outcrossing limits propagation of chromosomal inversions in Neurospora species. Christopher Hann-Soden, John W. Taylor. Plant and
Microbial Biology, UC Berkeley, Berkeley, CA.

At least nine separate transitions from heterothallism to homothallism have occurred within the genus Neurospora. In each case the
decreased gene flow associated with homothallism may have led to divergence of a new homothallic lineage. Theory predicts that highly
inbred lineages should suffer from reduced efficacy of selection due to reduced genetic variation. The consequent degeneration of the
genome would then lead to eventual extinction. Yet the abundance of homothallic lineages in groups such as Neurospora challenges this
theory. We sought to determine the fate of homothallic lineages by comparing the published genomes of homothallic and heterothallic
species along with a newly sequenced heterothallic species basal within the genus. Our whole genome approach allowed us to compare the
incidence of chromosomal rearrangements as well as sequence variation. We found that heterothallic species from divergent lineages have
fewer inversions relative to each other than are found between heterothallic and homothallic species, or between two homothallic species.
Because inversions often reduce the fitness of heterozygotes (i.e. display underdominance), and haploid selfing as observed in homothallic
species results in entirely homozygous tetrads, inversions that would be purged in heterothallics may persist in homothallics. Additionally,
any deleterious inversions may persist in homothallics due to the reduced efficacy of selection on these populations. Together, the lack of
selection on underdominant haplotypes and the reduced selection on deleterious haplotypes may lead to the propagation of inversions in
homothallic species. Inversion events have been implicated in speciation processes by creating islands of reduced recombination, so this
finding could have implications for the speciation of homothallic lineages. The propagation of inversions in a nascent homothallic
population may further limit gene flow, accelerating the process of speciation and leading to radiation within homothallic lineages.

Coupling evolutionary dynamics of Venturia inaequalis effectors and functional genomics to decipher mechanisms of virulence and
to identify durable resistance genes in apple. Benoit Calmes, Thibault Leroy, Adrien Biessy, Thomas Guillemette, Mélanie Sannier,
Pascale Expert, Marie de Gracia, Aurélie Charrier, Jérdme Collemare, Valérie Caffier, Emilie Vergne, Elisabeth Chevreau, Charles-Eric
Durel, Christophe Lemaire, Bruno Le Cam. IRHS-INRA, Beaucouzé, France.

During infection, pathogens secrete small secreted proteins (SSPs), called effectors, that promote disease. Plant receptors encoded by
resistance R genes might recognize such effectors (also called avirulence factors AVRs), resulting in plant immunity. Pathogens evade
recognition thanks to the emergence of virulent alleles present in populations. It has been demonstrated that avirulent effectors are crucial
for the pathogen infection cycle and that their loss-of-function may induce a substantial fitness cost. This kind of effector is expected to be
under purifying selective pressure. Here, we aim at identifying the effector repertoire of Venturia inaequalis, the agent of apple scab,
assessing its evolutionary dynamics and studying the role of candidate effectors in virulence. We sequenced de novo 90 strains, collected
on apple and on their wild relatives and differing in their host range or virulence to study allelic polymorphism at 880 putative effector loci.
The top-20 hits for highly conserved sequences were selected as candidates for further functional analyses. In planta gene expression
showed a significant induction of these conserved SSP at the early stage of plant infection. Their functions were investigated using targeted
deletion mutants. Remarkably, loss of two conserved SSPs resulted in reduced aggressiveness without any alteration in growth in vitro.
GFP-tagged protein and heterologous expression were used to assess their sub-cellular localization in infected apple leaves. Involvement of
theses SSP in the modulation of host defence was also investigated using an apple full-transcript microarray. Highly conserved effectors
will be used to screen for novel R genes in Malus genotypes characterized for their high resistance to scab. This combined knowledge
should enable us to understand strategies used by the pathogen to overcome defences in apple and consequently to build more durable
resistance towards apple scab.

Saccharomyces diversity and the tools to tap it. Chris T. Hittinger. Laboratory of Genetics, Genome Center of Wisconsin, DOE Great
Lakes Bioenergy Research Center, Wisconsin Energy Institute, J. F. Crow Institute for the Study of Evolution, University of Wisconsin-
Madison, Madison, WI.

Saccharomyces cerevisiae is one of the most thoroughly studied model organisms, but other members of the genus have been
characterized minimally. Until recently, most Saccharomyces species have been known only through their genetic contributions to
industrial interspecies hybrids or by a handful of wild isolates. Improved isolation techniques have dramatically expanded strain collections
to enable population genetic analyses. Here, using whole genome sequencing, we examine the diversity of the early-branching sister
species, Saccharomyces eubayanus and Saccharomyces uvarum. Population and phylogenomic analyses support the existence of multiple
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well-differentiated populations of each species, as well as rare mosaic lineages. These species are represented by a total of four diverse
sympatric populations in Patagonia, South America, while rare Northern Hemisphere isolates related to these populations have
comparatively low sequence diversity, are natural intraspecies hybrids or mosaics, or are interspecies hybrids used in the production of
beer, wine, or cider. Several possible biogeographical and domestication scenarios are discussed. As more natural Saccharomyces strains
become available for study, general genome manipulation strategies are needed for wild prototrophic strains. We have recently developed a
novel cassette for high-throughput genome engineering that deploys an inducible double-strand break generator and
selectable/counterselectable marker. This technique enables pooled allele replacement and mutagenesis with efficiencies higher than those
reported for CRISPR/Cas9-based systems. We show its utility across the genus Saccharomyces and provide a roadmap for experimentally
testing the functional meaning of sequence diversity.

Wednesday, March 18 3:00 PM-6:00 PM
Scripps

Synthetic Biology
Co-chairs: Ken Bruno and Debbie Yaver

How to modify regulatory proteins for desired gene expression? Christian Derntl*, Thiago Mello-de-Sousa!, Daniel Kiesenhofer?, Alice
Rassinger’, Marcio Pogas-Fonseca?, Robert Mach?, Astrid Mach-Aigner!. 1) Vienna University of Technology, Vienna, Austria; 2)
University of Brasilia, Brasilia, Brazil.

During evolution Trichoderma reesei adopted a saprophytic lifestyle that is sustained by enzymatic degradation of plant cell walls. The
fungus is able to secrete these enzymes in high amounts and is therefore used for industry-scale production of in particular cellulases.
Consequently, research efforts focused on the one hand on the increasingly efficient expression of cellulases, and on the other hand, on the
possibility of exploiting the high-secreting potential for production of other proteins. Studies on the transcriptional regulation of the genes
encoding the plant cell wall degrading enzymes led to the identification of a number of regulatory proteins: for example Xyrl1, which is the
main and essential transactivator. Otherwise, Crel confers carbon catabolite repression of target gene expression, while Xrp1 acts more like
a narrow domain transcription factor and represses expression of only a part of the mentioned genes. Amongst other regulatory proteins,
these transcription factors act either directly on the expression of target genes or influence their chromatin packaging. Certain modifications
of these regulatory proteins, starting from a single amino acid exchange to the loss of complete domains, provoke changes in their function,
and finally, in the expression of their target genes. Examples will be provided that best possible knowledge about the (domain) composition
of these regulatory proteins opens the road for efficient control of their target gene expression.

Acknowledgements: This study was supported by three grants from the Austrian Science Fund (FWF): [V232-B20, P24851, P26733]
given to A.R.M.-A, and by an Innovative Project (RAKI-MINT) as well as a doctoral program (CatMat), both granted by Vienna
University of Technology.

Engineering Neurospora crassa for increased production of lipids from lignocellulose. Christine Roche'®, Douglas Clark*®, Louise
Glass®®. 1) Chemical and Biomolecular Engineering, UC Berkeley, Berkeley, CA; 2) Plant and Microbial Biology, UC Berkeley, Berkeley,
CA; 3) Energy Biosciences Institute, UC Berkeley, Berkeley, CA.

Microbially-produced triacylglycerol (TAG) is a potential source of oil for the production of biodiesel, but commercialization will require
high TAG yields from low-cost renewable feedstocks. Lignocellulosic biomass has been highlighted as a viable feedstock for microbial
biofuel production due to its abundance and low cost; however, liberation of fermentable sugars from lignocellulose is a major limiting
factor for an economically viable biofuel. We propose to overcome this limitation using the cellulolytic filamentous fungus, Neurospora
crassa, as a whole-cell biocatalyst to directly convert lignocellulose to TAG. The present study employs a multi-gene approach for
increasing lignocellulose-derived TAG biosynthesis in N. crassa. We demonstrate a 2-fold increase in TAG production and accumulation
in N. crassa by redirecting carbon flux from glycogen biosynthesis towards fatty acid biosynthesis (glycogen synthase knockout, Agsy-1)
and by relieving fatty acyl-CoA ester feedback inhibition of fatty acid biosynthesis (acyl-CoA synthetase knockout, Aacs-3). Furthermore,
stacking these mutations in an enhanced cellulose degrading strain of N. crassa (Aacs-3 Acre-1; Agsy-1) enabled up to 4-fold increase in
lignocellulose-derived lipid production above the wild-type strain.

Reconstruction of the biosynthetic pathway for the terpene antibiotic pleuromutilin in the secondary host Aspergillus oryzae.
Fabrizio Alberti', Colin M. Lazarus!, Chris L. Willis?, Andy M. Bailey*, Gary D. Foster. 1) School of Biological Sciences, University of
Bristol, Bristol, United Kingdom; 2) School of Chemistry, University of Bristol, Bristol, United Kingdom.

Pleuromutilin is an antibiotic that is produced as a secondary metabolite by the basidiomycete fungus Clitopilus passeckerianus.
Pleuromutilin is a tricyclic diterpene and has been exploited as a precursor for many semi-synthetic antibiotics, one of which —
Retapamulin — is currently used for the treatment of Impetigo and other serious skin infections. However C. passeckerianus produces
pleuromutilin in low amounts, strain improvement and manipulation of the fungus are made problematic by its dikaryotic nature, and total
synthesis of the antibiotic has only been achieved with low yields.
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In order to increase the production titre of pleuromutilin and to fully exploit this new growing class of natural product antibiotics, the
biosynthetic pathway for pleuromutilin was reconstructed in the heterologous host A. oryzae, which has a GRAS status and is amenable to
growth in industrial fermenters. Multigene expression vectors were used to obtain transformation of A. oryzae with the genes of the
pleuromutilin cluster. Identification of the metabolites produced was achieved through analytical chemistry techniques, such as HPLC,
NMR Spectroscopy and High Resolution Mass Spectrometry.

A synthetic biology approach was used to achieve heterologous biosynthesis of pleuromutilin in A. oryzae. An enhanced titre of the
antibiotic was ultimately established in the heterologous host, tenfold over the natural host producer C. passeckerianus. The function of
each enzyme in the pathway is being uncovered through expression of different combinations of genes in A. oryzae and consequent
isolation of metabolites. This strategy also allowed to isolate a previously undescribed intermediate involved in biosynthesis of the
antibiotic pleuromutilin.

Metabolic pathway engineering for organic acid production in Aspergillus niger. Peter Punt*, Abeer Hossain™?. 1) Microbiology &
systems Biology, TNO, Zeist, Netherlands; 2) University of Amsterdam, the Netherlands.

Among the compounds listed as top building blocks chemicals in particular organic acids have gained industrial interest for biobased
production. Many of these, also being food ingredients, are directly derived from the central metabolic pathway in every living cell, the
tricarboxylic acid (TCA) cycle. The volume-wise largest biotechnologically produced compound, besides ethanol, is citric acid, which is a
precursor for most of the other organic acids. As the yields for citric acid in Aspergillus niger are close to the theoretical yield, the citric
acid pathway is a promising backbone for organic acid production using genetic engineering. Based on these considerations we embarked
on a research program for producing itaconic acid using A. niger. For A. niger this acid, which is produced in very few human- or plant-
pathogenic fungi, is a non-native product.

At the start of our research, we elucidated the genetic basis of the biochemical pathway for itaconic acid. Using a transcriptomics approach,
we did not only identify the biochemical pathway gene but also the genes encosing the mitochondrial and plasma membrane transporters,
confirming that the pathway in the native host A. terreus is compartmentalized. Overexpression showed that all three were relevant for
itaconic acid overproduction in A. niger. Molecular genetic and process technological research performed on the A. niger itaconic acid-
producing strains resulted in further improvement of the itaconic acid titres and the reduction of by-product formation. Array analysis in A.
terreus and RNAseq transcription analysis in the recombinant A. niger strains, revealed the potential relevance of the pentose phosphate
pathway and a hitherto unidentified gene cluster related to organic acid production. Overexpression of a gene from this latter gene cluster
allowed further increase in itaconic acid titers and reduced citric acid coproduction.

References: Li, A. et al. (2011) Fungal Genetics and Biology 48, 602-611, Li, A. et al. (2013) Applied Microbiology and Biotechnology
97, 3901-3911.

A CRISPR/Cas9 system for genetic engineering of filamentous fungi. Christina S Noedvig, Jakob B. Nielsen, Uffe H. Mortensen. DTU
Systems Biology, Technical University of Denmark, Kgs. Lyngby, Denmark.

The harnessing of the prokaryotic and archaeal immune mechanism CRISPR (clustered regularly interspaced short palindromic repeats)
as a tool for genetic engineering in eukaryotes, has proved to be a powerful technology. CRISPR/Cas9 introduces specific DNA double
strand breaks (DSB) with high precision, which in turn can be employed to efficiently stimulate gene targeting. Consisting of two
components, an RNA guided nuclease Cas9 and a chimeric guide RNA (gRNA), a specific DSB can be produced in the host organism. The
cleavage target site is determined by 20 base pairs (bp) in the gRNA, and by exchanging those 20 bp, Cas9 can be programmed to target a
specific chromosomal location with few constraints. The technology has had a huge impact on genetic engineering of organisms, such as
plants or mammalian cells where gene targeting is notoriously inefficient, but has so far not been adapted to filamentous fungi. Low gene
targeting frequencies is a common problem when attempting to do gene editing in filamentous fungi. A common strategy to circumvent this
problem is to delete or disable one of the key genes in the non-homologous end-joining (NHEJ) pathway to greatly enhance gene-targeting
frequencies. However, for fungi where a genetic toolbox is not in place, the initial establishment of genetic markers and NHEJ-deficiency
can be laborious. Here we present a CRISPR/Cas9 system adapted for filamentous fungi and show that it can be efficiently used to
introduce specific genomic modifications. Considering that the number of fully sequenced fungi is dramatically increasing, and that the
vast majority of these fungi does not possess a genetic toolbox, our system will be a highly useful in developing the initial marker- and
NHEJ gene mutations to establish such a toolbox. To this end, we have also developed a gRNA design software that facilitates
identification of gRNA sequences that can target a desired gene in several different species, hence, reducing the plasmid construction
workload. Together, we envision that our tools can be used to rapidly expand the repertoire of fungi where genetic engineering is possible
and therefore greatly accelerate the exploration of fungal biology.

High-efficiency genome editing and allele replacement in prototrophic and wild strains of Saccharomyces. William Alexander’?,
Drew Doering™®, Chris Hittinger'?3. 1) Laboratory of Genetics, University of Wisconsin-Madison, Madison, WI; 2) DOE Great Lakes
Bioenergy Research Center, University of Wisconsin-Madison, Madison, WI; 3) Graduate Program in Cellular and Molecular Biology,
University of Wisconsin-Madison, Madison, WI.

Current genome editing techniques available for Saccharomyces yeast species rely on auxotrophic markers, limiting their use in wild and
industrial strains and species. Taking advantage of the ancient loss of thymidine kinase in the fungal kingdom, we have developed the
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herpes simplex virus thymidine kinase gene as a selectable and counterselectable marker that forms the core of novel genome engineering
tools called the Haploid Engineering and Replacement Protocol (HERP) cassettes. Here we show that these cassettes allow a researcher to
rapidly generate heterogeneous populations of cells with thousands of independent chromosomal allele replacements using mixed PCR
products. We further show that the high efficiency of this approach enables the simultaneous replacement of both alleles in diploid cells.
Using these new techniques, many of the most powerful yeast genetic manipulation strategies are now available in wild, industrial, and
other prototrophic strains from across the diverse Saccharomyces genus.

Aspergillus nidulans as cell factory for production of mycophenolic acid. Zofia D. Jarczynska®, Jakob B. Nielsen®, Freja Aasted®, Dorte
M. K. Holm?, Kiran R. Patil?, Kristian F. Nielsen®, Uffe H. Mortensen®. 1) Systems Biology, DTU, Kgs. Lyngby, Denmark; 2) Novozymes
AJS, Denmark; 3) European Molecular Biology Laboratory, Heidelberg, Germany.

Filamentous fungi are well-known producers of a wide range of valuable secondary metabolites (SMs), which can be advantageously
exploited e.g. in pharmaceutical industry. One of the most prominent examples is mycophenolic acid (MPA), an immunosuppressant
molecule that inhibits inosine-5’-monophosphate dehydrogenase (IMPDH). IMPDH catalyzes the rate limiting step in the guanine
nucleotide synthesis in B- and T-lymphocytes. Recent studies have successfully identified the gene cluster, coding for the MPA synthesis,
in Penicillium brevicompactum. Moreover, it has been demonstrated that two first steps in MPA production are catalysed, respectively, by
polyketide synthase (PKS), MpaC, producing 5-methylorsellinic acid (5-MOA), and MpaDE, which strikingly is a natural fusion enzyme
catalysing the production of 5,7-dihydroxy-4-methylphtalide (DHMP). Additionally, mpaF has been characterized as IMPDH-encoding
gene which confers the resistance to MPA. In order to characterize the remaining part of the MPA biosynthetic pathway, we have
heterologously expressed the mpa cluster genes in a stepwise manner in Aspergillus nidulans. We have demonstrated that MpaA possesses
prenyl transferase activity and catalyzes the conversion from DHMP to 6-farnesyl-5,7-dihydroxy-4-methylphtalide (FDHMP). To our
surprise, this strain was also able to produce demethyl-MPA, which is the next intermediate in MPA biosynthesis. Interestingly, we have
found two homologs of mpaH in A. nidulans, which is hypothesized to encode the conversion of FDHMP to demethyl-MPA, and we
speculate that one or both of these genes deliver hydrolase activity similar to the one encoded by MpaH. Lastly, we have confirmed that
MpaH and MpaG catalyze the last two enzymatic steps in the biosynthesis of MPA, resulting in the production of demethyl-MPA and
MPA, respectively. In conclusion, we have successfully characterized the full biosynthetic pathway of the top-selling drug, MPA.
Moreover, we have demonstrated that A. nidulans is a suitable cell factory for heterologous production of MPA.

Computational modelling of Aspergillus metabolism for cellular engineering purposes. Blaine Pfeifer. University at Buffalo, Buffalo,
NY.

In this work, we describe computational metabolic engineering models to identify genetic manipulation targets for improved highly-
reduced polyketide formation from Aspergillus spp. Specifically, Flux Balance Analysis (FBA) has been utilized together with a metabolic
network model in coordination with an algorithm termed Minimization of Metabolic Adjustment (MoMA) to identify gene deletions
predicted to improve specific metabolite overproduction. In addition, a separate modeling approach termed Elementary Mode Analysis
(EMA) was used as a complement to the genome-scale FBA approach. In EMA, a smaller metabolic network, composed mostly of
primary metabolism, is used to predict beneficial gene deletions without the need to utilize an objective function (as is required for
FBA). Assuch, EMA provides an alternative approach to predictive modeling, and both approaches were undertaken to maximize the
potential for identifying targets that improve final production metrics experimentally. Top targets for both modeling strategies will be
described as well as current modeling approaches designed to complement experimental efforts by collaborators.

Thursday, March 19 3:00 PM-6:00 PM
Merrill Hall

Fungus-plant interactions
Co-chairs: Natalia Requena and Wilhelm Schafer

Biotrophic transportome in the arbuscular mycorrhiza. Daniel Wipf*, Leonardo Casieri*, Carole Pfister*, Nathalie Leborgne-Castel*,
Nassima Ait Lahmidi*, Joan Doidy", Laurent Bonneau®, Pierre Emmanuel Courty?®. 1) UMR Agroecologie, INRA/AGrosup/Burgundy
University, Dijon, France; 2) Botanical Institute, University of Basel Hebelstrasse 1 CH-4056 Basel, Switzerland.

Understanding mechanisms underlying high nutrients use efficiency and carbon allocation in a context of mycorrhizal interactions is
critical for sound management of croplands taking care of ecosystem services rendered by mycorrhizal fungi. Transport processes across
the polarised membrane interfaces are of major importance in the functioning of the established mycorrhizal association as the symbiotic
relation is based on a 'fair-trade’ between fungus and host plant. Uptake and exchanges of nutrient and/or metabolites, at biotrophic
interfaces are controlled by membrane transporters and their regulation patterns are essential in determining the outcome of plant fungal
interactions and in adapting to changes in soil nutrient quantity and/or quality. The talk will present the current state of art with a special
focus on S and C transports.

Epigenetic control of effector gene expression in the plant pathogenic fungus Leptosphaeria maculans. Jessica Soyer*, Mennat El
Ghalid®, Jonathan Grandaubert!, Marie-Héléne Balesdent', Lanelle Connolly? Michael Freitag?, Thierry Rouxel?, Isabelle Fudal'. 1) INRA,
UR1290 BIOGER, Grignon, France; 2) Biochemistry and Biophysics Dept, Oregon State University, Corvallis, USA.

Plant pathogens secrete an arsenal of small secreted proteins (SSPs) acting as effectors that modulate host immunity to facilitate
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infection. In Eukaryotic phytopathogens, SSP-encoding genes are often located in particular genomic environments and show waves of
concerted expression during plant infection. To date, little is known about the regulation of their expression. Leptosphaeria maculans is an
ascomycete fungus responsible for stem canker of oilseed rape. Its genome has a bipartite structure alternating gene rich GC-equilibrated
isochores and gene poor AT-isochores made up of mosaics of transposable elements. The AT-isochores encompass one third of the genome
and are enriched in putative effector genes that present the same expression pattern (no or a low expression level during in vitro growth and
a strong over-expression during primary infection). Here, we investigated the involvement of one histone modification, histone H3 lysine 9
methylation (H3K9me3), in epigenetic regulation of concerted effector gene expression in L. maculans. For this purpose, we silenced
expression of two key players in heterochromatin assembly and maintenance, HP1 and DIM5, by RNAI. By using HP1-GFP as a
heterochromatin marker, we observed that almost no chromatin condensation is visible in a silenced-dim5 background. Whole genome
oligoarrays performed on silenced-hpl and silenced-dim5 transformants background revealed an over-expression of pathogenicity-related
genes during in vitro growth, with a favored influence on SSP-encoding genes in AT-isochores. That increase of expression during in vitro
growth was associated with a reduction of H3K9 trimethylation at two SSP-encoding gene loci. These data strongly suggest that an
epigenetic control, mediated by HP1 and DIMDb, represses the expression of at least part of the effector genes located in AT-isochores
during growth in axenic culture. Our hypothesis is that changes of lifestyle and a switch toward pathogenesis lift chromatin-mediated
repression, allowing a rapid response to new environmental conditions.

Get ready for infection: Transcriptional profiling reveals virulence-specific traits inside of infection cushions of Fusarium
graminearum. Joérg Bormann®, Marike J. Boenisch®, Anika Glasenapp®, Ana-Lilia Martinez Rocha', Stefan Scholten?, Sebastian Piehler?,
Martin Miinsterkdtter®, Ulrich Giildener®, Bernard Henrissat*, Marc-Henri Lebrun®, Wilhelm Schafer. 1) Biocenter Klein Flottbek,
Molecular Phytopathology and Genetics, University of Hamburg, Germany; 2) Biocenter Klein Flottbek, Developmental Biology,
University of Hamburg, Germany; 3) Institute of Bioinformatics and Systems Biology, Helmholtz Zentrum Minchen, Germany; 4) UMR
7257 - Centre National de la Recherche Scientifique & Aix-Marseille Université Case 932, France; 5) UMR 1290 - INRA AgroParisTech
BIOGER-CPP, Versailles, France.

The fungal pathogen Fusarium graminearum forms specialized infection cushions (ICs) essential for penetration of wheat floral-leaf
cells. To understand the molecular basis of IC development, ICs and non-invasive runner hyphae (RH) were isolated by laser capture
microdissection and subjected to RNAseq. Quantitative expression analysis show marked differences in gene expression patterns between
RH and ICs:1. The majority of known and putative secondary metabolite gene clusters, including those responsible for trichothecene and
butenolide production, are significantly up-regulated in ICs, 2. Carbohydrate-modifying enzymes (CAZymes) with proven capacities for
cell-wall degradation are exclusively present in ICs. In total, 174 genes encoding for CAZymes are differentially expressed (42 in RH, 132
in ICs), 3. Genes encoding for enzymes involved in reactive-oxygen species metabolism reside in the upper ranks of differentially
expressed genes (DEGs). Secreted ROS-related enzymes (SREs), presumably involved in plant-defense response, are relatively enriched in
ICs, 4. We identified a large subset of transcripts encoding for putative effector proteins. By use of this novel transcriptional profiling of
runner hyphae and infection cushions from a fungal plant pathogen obtained under in planta conditions, we gain new insights in the initial
infection process of F. graminearum on wheat. Complementary to this approach, functional characterization of genes and histological
analyses are ongoing. First results will be presented. We conclude that infection cushions serve as an armory of virulence factors.

Necrotrophic effector epistasis in tan spot of wheat. L.M. Ciuffetti, V.M. Manning, I. Pandelova. Dept Botany & Plant Pathology,
Oregon State Univ, Corvallis, OR.

Pyrenophora tritici-repentis, the causal agent of tan spot disease of wheat, has been identified in major wheat growing areas worldwide
and tan spot is considered a disease of economic importance. Tan Spot has emerged as an experimental model for the study of diseases that
conform to an inverse gene-for-gene relationship where pathogenicity/virulence has been causally associated with the production of
multiple host-selective toxins (HSTs). The importance of HSTs in disease development indicates that the loss of any of these pathogenicity
factors would cause a reduction in virulence when the pathogen expresses multiple HSTs to which the host is sensitive. However,
following deletion opf the gene encoding the HST Ptr ToxA (ToxA) or the heterologous expression of ToxA in a race that previously did
not produce this toxin, we demonstrate that ToxA symptom development is epistatic to other HST-induced symptoms. Data from this study
will be presented and indicate a complex interaction between host responses and at least some HSTs. To our knowledge, this is the first
demonstration of necrotrophic effector epistasis.

Functional characterization of CQEP2, a broadly conserved fungal effector with a role in virulence in Colletotrichum graminicola.
José M. Sanz-Martin, Walter Vargas, Vinicio Armijos-Jaramillo, Michael R. Thon, Serenella A. Sukno. Instituto Hispano-Luso de
Investigaciones Agrarias (CIALE), Department of Microbiology and Genetics, University of Salamanca, 37185 Villamayor, Spain.

During infection process, fungal pathogens secrete a wide range of enzymes and effector proteins to interact with their hosts and
manipulate the plant immune system. To resist pathogen invasion, plants induce a large battery of defenses including PR proteins
production such as chitinases. Recently, several fungal effectors have been identified that interfere with chitin-triggered immunity,
protecting the fungal hyphae against hydrolysis by chitinases or sequestering the chitin oligosaccharides and preventing chitin from binding
to the receptor. In this study, we describe CgEP2 (Colletotrichum graminicola Effector Protein 2), a 640 aa secreted protein in the maize
pathogen C. graminicola, with a role in virulence. CgEP2 is a Zn dependent metalloprotease of the fungalysin family. Members of this
family have been shown to bind to plant produces class IV chitinases (PR-4) and induce post-translational modifications. Phylogenetic
analysis shows that CgEP?2 is, highly conserved in diverse pathogenic fungi. Quantitative PCR (qPCR) assays using different time points
during leaf anthracnose as well as transcriptional fusions of the gene promoter with a GFP cassette show that gene expression is activated at
the late biotrophic stage, specifically when the fungus switches to necrotrophic growth. To confirm it’s role in pathogenesis, we constructed
null mutants tagged with GFP by gene replacement using Delsgate methodology and performed pathogenicity assays in maize. The null
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mutant develops reduced lesion sizes on leaves and reduced colonization of roots, showing that CgEP2 has a role in C. graminicola
virulence. Also, biochemical analysis of chitinase activity in leaves infected with null mutant confirms the lack of ability to degrade this
substrate. Our results show that CgEP2, which is a broadly conserved fungal effector, plays a role in plant infection and host colonization
and could be important in the lifestyle change of C. graminicola.

Effectors of Fusarium oxysporum: identification, function, evolution and regulation of gene expression. Martijn Rep, Sarah Schmidt,
Peter van Dam, Mara de Sain, Ido Vlaardingerbroek, Shermineh Shahi, Sri Widinugraheni, Like Fokkens, Nico Tintor, Bas Beerens, Petra
Houterman, Charlotte van der Does. Molecular Plant Pathology, University of Amsterdam, Amsterdam, Netherlands.

Small proteins secreted by plant-pathogenic fungi during host colonization are often called ‘effectors’, especially when a role in plant
colonization or disease symptom induction has been established. The Fusarium oxysporum species complex (FOSC) harbors a striking
diversity of highly host-specific pathogenic strains, mainly causing vascular wilt diseases. Genome compartmentalization into a ‘core’ and
‘accessory’ genome is a general feature of the FOSC. The accessory genome harbors all effector genes and is very rich in transposons. We
would like to know to what extent the remarkable host-specificity within the FOSC can be attributed to specific suites of effector genes,
how these genes evolve and spread within the FOSC, and how their expression is regulated.

Through xylem sap proteomics and comparative genomics we have obtained a comprehensive overview of the suites of effector genes in a
diverse set of strains that infect tomato, cucumber, melon or watermelon. The cucurbit-infecting strains, belonging to forma specialis
cucumerinum, radicis-cucumerinum, melonis or niveum have overlapping but distinct effector suites. Almost all effector genes of tomato-
infecting strains (forma specialis lycopersici) reside on a single accessory chromosome that can be transferred between strains through an
as yet unknown mechanism. Loss of this chromosome leads to complete loss of pathogenicity, while at least half of the chromosome,
including several effector genes, is dispensable for pathogenicity.

Expression of effector genes in tomato-infecting strains requires a conserved transcription factor encoded in the core genome (SGE1), and
is also regulated by FTF1, a transcription factor encoded on the accessory genome [1]. FTF1 is upregulated during infection and binds to an
element that is present in the promoters of several effector genes.

[1] de Vega-Bartol et al. (2011) Phytopathology 101: 470-479.

Towards deciphering the functional role of arbuscular mycorrhizal effectors in the symbiosis. Natalia Requena, Ruben Betz, Meike
Hartmann, Sven Heidt, Leonie Hacker. Molecular Phytopathology, Karlsruhe Institute of Technology, Karlsruhe, Germany.

Arbuscular mycorrhizal (AM) fungi colonize plant roots and provide plants with mineral nutrients, prominently phosphate, in exchange
for carbohydrates. The mutualistic symbiosis is one of the most widespread and ancient on the earth. The wide host range of AM fungi and
the conserved key features of the association with all involved plants (arbuscule formation, modulation of phosphate homeostasis and
reprogramming of carbon partitioning) suggests that identical molecular mechanisms underlie the functioning of the symbiosis. With our
discovery of the first AM fungal effector protein SP7 (Kloppholz et al., 2011) the paradigm that AM fungi are naive colonizers of plants
and that the symbiosis is exclusively controlled by the plant was challenged. We showed that SP7 modulates the MAMP triggered
immunity of the plant and thus promotes biotrophy. This suggests that in all other AM symbioses, involving other AM fungal species and
other plants, similar or identical mechanisms might operate. In addition, we predict that other effectors controlling additional symbiotic
features must exist. With the recent outcome of the first AM fungal genome (Tisserant et al., 2013; Lin et al., 2014), novel effector
candidates have been identified and their functional characterization is in progress. We have focussed our efforts towards effectors
containing nuclear localization domains, including two prominent effector families, the SP7-like family and the Crinkler family, and a
couple of few other proteins. The existence of the Crinkler effector family in AM fungi is interesting per se, as this effector family is only
found in Oomycetes and Chytridiomycetes. Despite their name and the phenotype some of them induce when expressed in planta (crinkled
leaves), some Crinkler effectors have been shown to supress cell death. The SP7-like family and the Crinkler family have share in addition
the ability to enter the plant cell on their own. And while a putative entry motif has been ascribed for Crinkler proteins, the mechanism by
which SP7-like proteins enter the plant cell is yet unknown. Here we will present our latest results concerning the functional
characterization of AM fungal effectors and their role in symbiosis.

RNAse-like effectors of cereal powdery mildews. Pietro Spanu, Helen Pennington, Rhian Jones, Michal Przydacz, Ernesto Cota, Tolga
Bozkurt. Dept Life Sci, Imperial Collge London, London, BE., United Kingdom.

The genomes of the fungi that cause powdery mildews in cereal grasses encode over 500 secreted effector proteins. About a quarter of
these are short proteins that bear some similarities to microbial RNAses. The expression of these genes is associated with the development
of haustoria. In past work we demonstrated that in the barley powdery mildew fungus, Blumeria graminis f. sp. hordei, BEC1011 and
BEC1054, are RNAse-Like Proteins in Haustoria (RALPH) are effectors necessary for full pathogenicity. Moreover, the expression of
BEC1054 in plants other than the barley host leads to an increase in susceptibility to adapted pathogens. The mildew RALPH effectors are
therefore one of the principal effector families in these fungi. We have determined that the 3D structure of BEC1054 is highly similar to
that of RNAses but lacks enzyme activity. BEC1054 interacts with nucleic acids, but also with host proteins. Here | will propose possible
models that explain the mode of action of these effectors, why this diversity has arisen and is maintained.
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Thursday, March 19 3:00 PM-6:00 PM
Chapel

Gene regulatory networks
Co-chairs: Audrey Atkin and Gerhard Braus

Post-transcriptional regulation of gene expression by upstream open reading frames. G. Newcomb', E. Choi?, K. Sayood®, A. Atkin.
1) Department of Electrical Engineering, University of Nebraska-Lincoln, Lincoln, NE; 2) School of Biological Sciences, University of
Nebraska-Lincoln, Lincoln, NE.

Regulation of gene expression controls cell fitness, response to environmental changes and development. This regulation is the combined
effect of transcriptional and post-transcriptional regulation. Post-transcriptional regulation has a profound effect on overall expression
levels. For example, gene-specific differences in translation efficiency vary by over 100-fold and mRNA half-lives range from a few
minutes to hours. These differences are determined by innate mMRNA features as well as interactions between individual mRNAs and
proteins or noncoding RNAs. Because post-transcriptional regulation has a substantial, if not equal, impact on gene expression levels, it is
important to understand the mechanisms that regulate mMRNA function and integrate this information into gene regulatory
networks. Upstream open reading frames (UORFs) are an innate mMRNA feature that affects translation and mMRNA stability. uORFs are
short open reading frames with a start codon located upstream of the main open reading frame (ORF). They reduce protein expression
levels by acting as a decoy for the translation initiation machinery resulting in reduced translational initiation of the main downstream
ORF. uORFs also act as a targeting signal for rapid mRNA decay. However not all UORFs affect translation or mRNA stability. Thus, we
do not yet have a complete understanding of the features affecting UORF function. Recent technical advances in mMRNA sequencing have
improved genome-wide annotation enabling more accurate detection of UORFs, and ribosome profiling now makes it possible to assess
UORF function. We have used this new information to compile a database of Saccharomyces cerevisiae UORFs and determined how
distance to the cap, UORF start codon context and relative location of the UORF affect protein production and mRNA stability. We are
using this information to build a mathematical model that can predict the effect of UORFs in native mMRNASs on gene expression as well as
enable design of synthetic mMRNAs with uORFs tuned to produce precise amounts of protein.

Evolution of Fungal Pathogenesis. Alexander Johnson. Microbiology and Immunology Dept, UCSF, San Francisco, CA.

Many of the differences among species are due to changes in gene expression programs rather than differences in gene content. We have
reconstructed the evolutionary history of several transcriptional circuits across the ascomycetes, which include Saccharomyces and
Candida species, and nominally represent 300 million years of diversification. Although the DNA-binding specificity of transcription
regulators are often preserved over these evolutionary times, the connections between regulators and the genes they control change
rapidly. The ease of these wiring changes results from several basic features of transcription regulation, including regulatory protein
modularity, cooperative binding, and the low information content of cis-regulatory sequences. Some wiring changes provide novel
phenotypes, while others seem to preserve ancestral circuit output but alter the structure of the circuit through which that output is
achieved. Along the C. albicans lineage, many rewiring changes have led to the formation of relatively recent circuits that enable Candida
species to thrive in mammalian hosts. These include circuits that control biofilm formation, proliferation in the host, white-opaque
switching and other properties associated with pathogenesis.

Metals, Metabolomes and Circuitry Networks. Nancy Keller!, Philipp Wiemann?, Fang Yun Lim?, Joshua Baccile?, Frank Schroeder?. 1)
Dept Med MicroBiol & Dept Bact, Univ Wisconsin, Madison, Madison, WI; 2) Boyce Thompson Institute and Department of Chemistry
and Chemical Biology, Cornell University, Ithaca, NY, United States.

We have recently reported on an iron-responsive secondary metabolite pathway in Aspergillus fumigatus®, where the iron binding non-
ribosomal peptide hexadehydroastechrome (HAS) was central to a feedback circuitry balancing iron pools in the fungus in coordination
with secondary metabolite synthesis. In binding iron, HAS causes an iron starvation phenotype. Here we find HAS also has the ability to
bind copper, resulting in transcriptional profiles suggestive of copper starvation. We uncover copper responsive circuitries, including a
copper-responsive secondary metabolite gene cluster, and evidence of copper-iron crosstalk. We provide a model of secondary metabolites
as components in maintaining metal homeostasis in Aspergillus.

Front Microbiol. 2014 Oct 24;5:530.

Impact of heterogeneity on gene regulatory networks. Han Wosten, Fengfeng Wang, Pauline Krijgsheld. microbiology, utrecht
university, utrecht, Netherlands.

Fungi form colonies that consist of a network of hyphae. Macro-colonies with a diameter > 1 cm are formed on solid media, while micro-
colonies with a diameter in the mm-scale are formed in liquid shaken cultures such as bioreactors. In general, RNA is isolated from whole
cultures or macro-colonies to study gene regulatory networks. During the last two decades however it has become clear that fungal colonies
within a liquid culture are heterogeneous in gene expression. In fact, heterogeneity in RNA composition can even be found between and
within zones of macro- and micro-colonies. These findings imply that gene regulatory networks will not be correctly predicted by using
whole cultures and colonies. This will be illustrated by expression of genes involved in asexual reproduction and in metabolism of xylose
and starch. For instance, inactivation of the sporulation gene flbA of A. niger does not impact brlA mRNA levels when RNA is extracted
from whole colonies. Yet, there is an effect on expression of this master regulator of asexual development when zones of wild-type and
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AfIbA cultures are compared. Transcripts of brlA are absent in all zones of wild type A. niger colonies and in the intermediate and outer
zones of the AfIbA colonies. In contrast, brlA is expressed in the center of AflbA colonies. This indicates that FIbA is part of the brlA
regulatory network in the central zone of A. niger colonies but not in its middle and outer zones.

Histidine kinase pathway components are required for growth in the parasitic form of Histoplasma capsulatum. Sinem Beyhan,
Giselle Knudsen®, Anita Sil*? 1) Microbiology and Immunology, Univ California, San Francisco, San Francisco, CA; 2) Howard Hughes
Medical Institute.

Histoplasma capsulatum is a respiratory fungal pathogen of humans and has a dimorphic life cycle, switching from an infectious
filamentous form in the soil to a pathogenic yeast form in mammalian hosts. In the laboratory, H. capsulatum grows in the yeast form at
37°C and in the filamentous form at room temperature. We previously identified four transcription factors, Ryp1-4, and showed that they
are key regulators of a temperature-responsive genetic network that is required for yeast-phase growth in H. capsulatum. In this study, we
performed immunoprecipitations using antibodies against Ryp2 and Ryp3, followed by mass spectrometry to identify Ryp2- and Ryp3-
interacting proteins at 37°C. Among the diverse set of proteins that interact with Ryp2 and Ryp3, we characterized two Ryp2-interacting
proteins with predicted response regulator domains. Response regulators and sensor histidine kinases form two-component regulatory
systems that are often involved in sensing environmental signals using a phosphorelay mechanism. Because it was previously shown that a
sensor histidine kinase, Drk1, is required for the yeast-phase growth (Nemecek et al 2006 Science), we hypothesized that the two Ryp2-
interacting response regulators could also be important for yeast-phase growth in H. capsulatum. Confirming our hypothesis, knockdown of
these two genes (named RYP5 and RYP6) resulted in filamentous growth regardless of temperature, indicating that they are required for
yeast-phase growth. Additionally, from our previous studies, we found that RYP5 and RYP6 are not regulated (directly or indirectly) by
Ryp1-4, suggesting that Ryp5 and Ryp6 may act upstream of Ryp1-4. We are currently investigating whether Ryp5 and Ryp6 act together
with Drk1 and upstream of Ryp1-4 to regulate yeast phase growth. These experiments are highly significant since they will reveal the
importance of two-component regulatory systems for sensing host temperature and provide a molecular understanding of how a pathogenic
fungus responds to host temperature to cause disease.

Modular and compartmentalized gene regulatory networks of Fusarium graminearum. Li Guo®, Guoyi Zhao?, Lixin Gao?, Jin-Rong
Xu®, H. Corby Kistler®, Li-Jun Ma’. 1) Department of Biochemistry and Molecular Biology, University of Massachusetts Amherst,
Amherst, MA; 2) Department of Electrical & Computer Engineering, University of Massachusetts Amherst, Amherst, MA; 3) Department
of Botany and Plant Pathology, Purdue University, West Lafayette, IN; 4) USDA-ARS, Cereal Disease Laboratory, St Paul, MN.

Fusarium head blight caused by filamentous ascomycete Fusarium graminearum (Fg) is a major limiting factor for global wheat
production, leading to reduced yield and toxic grains containing trichothecene mycotoxins. Knowledge on the gene regulatory network
(GRN) of this fungus is currently lacking but vital for understanding the pathobiology and developing effective disease management
strategies. We have reconstructed an Fg GRN based on a collection of microarray data spanning a wide range of biological states using a
Bayesian networks algorithm. The biological relevance of this Fg GRN is validated using prior biological knowledge of Fg. Our Fg GRN
also partially overlaps with Fg Protein-Protein Interaction (FPPI) database, mainly covering protein complexes including a ribosomal
complex and a spliceosome complex. The Fg GRN can be divided into eight distinct but interconnected modules that are enriched for
different biological functions, such as cell cycle, protein synthesis and self-defense. These eight modules are differentially induced under
different biological processes, such as pathogenesis, sexual development and conidia germination. Interestingly, we discover a distinct
regulatory pattern for regulators from conserved and nonconserved genomic regions, suggesting that regulators may predominantly regulate
target genes from the same genomic regions. Two regulatory modules have an overrepresentation of genes in nonconserved genomic
regions. Such patterns indicates that Fg genome may have evolved with diverged regulatory circuits for the two genomic regions so that
regulators and target genes from the same region combine to control specialized biological functions. This first ever reconstructed Fg GRN
not only provides insight into the cell circuits of this pathogenic ascomycete, but also lays a foundation for future experimental studies on
gene regulation controlling fundamental biological functions.

Genome-wide transcriptome analysis of cell wall remodeling in Aspergillus niger in response to the absence of galactofuranose
biosynthesis. Joohae Park®, Mark Arentshorst*, Boris Tefsen?, Ellen Lagendijk’, Cees van den Hondel*, Irma van Die?, Arthur Ram*. 1)
Molecular Microbiology and Biotechnology, Leiden University, Institute Biology Leiden, Leiden, The Netherlands; 2) Department of
Molecular Cell Biology and Immunology, VU University Medical Center, Amsterdam, The Netherlands.

The biosynthesis of cell wall galactofuranose (Galf) containing glycostructures such as galactomannan, N-glycans, O-glycans and
glycosylinositolphosphoceramides in filamentous fungi are important to secure the integrity of the cell wall. A key gene in the biosynthesis
of UDP-Galf is ugmA which encodes a UDP-galactopyranose mutase which is essential for the conversion of UDP-Galp to UDP-Galf. In
A. niger, the absence of Galf synthesis results in activation of the cell wall integrity (CWI)-pathway indicating that the Galf biosynthesis is
important for maintaining cell wall strength. To identify genes involved in maintaining cell wall integrity in response to the absence of
galactofuranose biosynthesis, a genome-wide expression study was performed with the ugmA deletion strain. RNAseq analysis
revealed 432 upregulated genes to be differentially expressed (Q-value <0.05) in the ugmA mutant compared to the wild-type and these
genes encode enzymes involved in alpha-glucan synthesis (agsA), chitin synthesis (gfaB, gnsA, and chsA), beta-glucan remodeling (bgxA,
gelF, and dfgC) and several (GPI)-anchored cell wall protein encoding genes. Interestingly, also the gene encoding the CWI-specific Map-
kinase-kinase (mkkA) was induced in the ugmA mutant. In silico analysis of the 1-kb promoter regions of the differentially up-regulated
genes in the ugmA mutant using an in house developed transcription factor binding site finder program, indicated overrepresentation of
genes with RImA or SteA binding sites. The importance of the RImA and SteA transcription to induce cell wall remodelling genes is
currently under investigation by constructing a rimA-ugmA and steA-ugmA double mutants.
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Understanding the Circadian Output Gene Regulatory Network using the Clock-Controlled Transcription Factor ADV-1 in
Neurospora crassa. Oneida Ibarra’, Rigzin Dekhang', Elham Aziz?, Cheng Wu?, Kristina Smith®, Jill Emerson*, Jay Dunlap®, Michael
Freitag®, Matthew Sachs', James Galagan?, Deborah Bell-Pedersen’. 1) Texas A&N University, 3258 Tamu, Department of Biology,
College Station, TX; 2) Boston University, 44 Cummington St., Department of Biomedical Engineering, Boston, MA; 3) Oregon State
University, 3021 Agriculture and Life Sciences Building, Center for Genome Research and Biocomputing, Corvallis, OR; 4) Dartmouth
College, Remsen Room 702, Geisel School of Medicine at Dartmouth, Hanover, NH.

Organisms keep track of time, and are synchronized to the 24-hr environmental cycle, using a molecular circadian clock. About 30% of
the genome is controlled by the clock at the level of transcript abundance in eukaryotic cells, but the mechanisms by which the clock
regulates rhythms and peak phase in mMRNA levels are not well understood. Using Neurospora as a model organism to investigate the
circadian output gene network, we identified direct targets of the core clock component and blue light photoreceptor WHITE-COLLAR
Complex (WCC) using chromatin immunoprecipitation, followed by sequencing (ChIP-seq). The direct targets of the WCC were enriched
for 24 first-tier transcription factors (TFs), suggesting that aspects of light regulation and circadian output pathways are hierarchical. ADV-
1, one of the first-tier TFs, is robustly rhythmic, defective in clock-controlled development, and is closely linked to the downstream
developmental and metabolic network. In addition to the WCC, there are several first-tier TFs, including ADV-1 itself, that bind to the
promoter of adv-1. ADV-1 in turn, binds to the promoters of downstream TF genes, and genes involved in metabolism, cell fusion, and
development. Not surprisingly, many of the downstream targets of ADV-1 are clock-controlled, but they peak at different times of the day.
Using TF deletion strains, we are testing the prediction that the upstream and downstream TF network revolving around ADV-1 generates
distinct temporal dynamics of gene expression critical to the coordination of rhythmic processes, including rhythmic metabolism and
development.

Thursday, March 19 3:00 PM-6:00 PM
Fred Farr Forum

Cytoskeleton, Endocytosis and Endosomes
Co-chairs: Norio Takeshita and Nick Read

Coupling of cisternal maturation and exocytic transport during Golgi exit involves all sorts of motors. Miguel Penalva®, Mario
Pinar!, Victor Garcfa-Tagua', Miguel Hernandez-Gonzélez*, Manuel Sanchez Lépez-Berges®, Herbert N. Arst™?, Xin Xiang®, Areti
Pantazopoulou?. 1) Cellular and Molecular Biology, CSIC Centro de Investigaciones Bioldgicas, Madrid, Spain; 2) Section of
Microbiology, Imperial College London, Flowers Building, Armstrong Road, London SW7 2AZ, UK; 3) Department of Biochemistry and
Molecular Biology, Uniformed Services University of the Health Sciences, Bethesda, MD 20814.

Few organisms have been as useful, and almost no genetic screen as influential, as the budding yeast and the Novick & Schekman genetic
screen that uncovered the basic machinery of secretion in eukaryotes. Yet, 34 years later, our understanding of important aspects of
secretion such as the molecular mechanisms that dictate traffic across, and exit from the Golgi is still wanting. A shortcoming of S.
cerevisiae as experimental model is that it does not use microtubules (MTs) for intracellular traffic, whereas in filamentous fungi MTs and
associated motors mediate long distance movement of endosomes and exocytic carriers. Hyphal cells of Aspergillus nidulans grow by
apical extension at 0.5-1 um/min at 37°C, implying that exocytosis, which supplies materials to the growing tip, is highly active. Late Golgi
cisternae undergo changes in composition to gradually lose Golgi identity while acquiring post-Golgi identity, consistent with the cisternal
maturation model. Using GFP-RAB11 we have filmed how this maturation step precedes the journey of newborn post-Golgi carriers to the
apex. These carriers, loaded with kinesin, dynein and myosin-5, move on a microtubule-based bidirectional conveyor belt relaying them to
F-actin filaments, which mediate the final, apex-focusing step in exocytosis. Thus Aspergillus nidulans secretion is mechanistically similar
to the transport of melanosomes in melanocyte dendrites.

Coordination of aminophospholipid asymmetry, P4 ATPases, and vesicle traffic during hyphal growth. Zachary Schultzhaus,
Huijuan Yan, Brian Shaw. Plant Pathology and Microbiology, Texas A&M University, College Station, TX.

How proteins break symmetry and congregate in specific places inside cells is a major question in developmental biology, and fungal
hyphae are excellent models for studying this phenomenon. Hyphae precisely localize a large group of proteins in order to colonize and
maintain a constant shape. This organization includes a strict segregation of endocytosis and exocytosis into different areas of the apical
compartment in growing hyphae. How endocytosis and exocytosis initialize, however, is unclear in these cells. Recently, the asymmetric
nature of the phospholipid bilayer has attracted attention for playing roles in diverse processes such as phagocytosis and cell polarity. In
this project we analyzed the role of phosphatidylserine distribution in fungal tip growth. The distribution of the phospholipid
phosphatidylserine in growing hyphae was assessed. Phosphatidylserine concentrated on the outside of secretory vesicles, rather than the
plasma membrane, in contrast to what is seen under normal conditions in budding yeast. Moreover, the deletion of phospholipid flippases
caused a dispersal of phosphatidylerine secretory vesicles from the apex to the rest of the cytoplasm. These results indicate that
phospholipid flippases (P4 ATPases) may be important for phosphatidylserine polarity on secretory vesicles, and thus for the localization
of many tip proteins in growing cells.

Investigating the role of BAR domain proteins during plant infection by Magnaporthe oryzae. Magdalena Martin-Urdiroz, Martin J
Egan, Miriam Oses-Ruiz, Darren Soanes, Nicholas J Talbot. School of Biosciences, University of Exeter, Geoffrey Pope Building, Stocker
Road, Exeter, England, EX4 4QD, United Kingdom.

The blast fungus Magnaporthe oryzae causes a serious disease on a wide variety of grasses including rice. The infection process is
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initiated when a spore lands on the surface of a leaf and attaches tightly to the cuticle. Then, the spore forms a polarized germ tube, which
extends before swelling at its tip, changing direction and becoming flattened against the surface. This process constitutes a recognition
phase, which precedes development of a specialized infection cell, the appressorium. This dome-shaped cell generates enormous turgor
pressure, which is translated into physical force at its base to rupture the rice leaf cuticle using a narrow, rigid, penetration peg that invades
plant tissue. In order to elaborate a penetration peg M. oryzae must regulate membrane curvature at the appressorium pore ahead of rapid
cell wall biogenesis and apical growth. The generation of concave or convex curvature at membranes is thought to be induced by a variety
of protein-driven mechanisms, including the action of BAR domain family proteins. In M. oryzae, seventeen BAR domain proteins have
been identified. Atg24 (Snx4) and Snx41 are involved in mitophagy and pexophagy and endosomal sorting, respectively, but the specific
function of the other BAR domain proteins is unknown. We are currently characterising homologs of Rvs167, Rvs161, KAR3, Cdc24,
Snx4, Gvp36, Vpsl7, Vps5, Snx4l, Rgdl, Rgd2, Bzz1, Hofl, Pill, Lspl and SIP3. We have shown that Pill and Lsp1 constitute an
eisosome, which we have shown is involved in endocytosis and plays roles in conidial germination and germ tube development. We have
also found that Rvs167-GFP localizes to the centre of the appressorium pore prior to emergence of the penetration peg. RVS167, ATG24
and HOF1 are all differentially expressed during appressorium development, while expression of the genes Lsp1, Pil1, Rgd1 and Rgd2 is
low. Here we report the localisation and functional analysis of BAR domain proteins in M. oryzae and, in particular, explore their role in
septin-mediated appressorium penetration and the formation of penetration hyphae during plant infection.

Calcium signaling and cytoskeletal dynamics during hyphal growth and infection by the human fungal pathogen Aspergillus
fumigatus. Constanze Seidel, Alberto Mufioz, Nick D. Read. Manchester Fungal Infection Group, University of Manchester, Manchester,
United Kingdom.

The most common human mould infection is caused by Aspergillus fumigatus, and it has been estimated that more than 3 million people
worldwide are infected with it. The capacity of A. fumigatus to respond appropriately to external signals underpins its saprotrophic and
parasitic lifestyles, and calcium signaling plays a major role in this. Ca?*-signaling and homeostasis are essential for the growth,
differentiation and virulence of filamentous fungi although relatively little is known about the role of Ca?* in these processes in filamentous
fungi, and particularly in human fungal pathogens during invasive growth. We have developed techniques for the routine imaging of Ca®*-
dynamics in living A. fumigatus cells expressing the genetically encoded Ca2*-sensor, GCaMP6s. Time-lapse-imaging of continuously
growing hyphae of different filamentous fungi has shown that, instead of growing hyphae possessing a constant tip-focused gradient,
transient pulsatile increases in Ca®*-changes in hyphal tips occur with no discernible Ca?*-gradient between pulses. Furthermore, we have
demonstrated different Ca®*-signatures in response to different types of environmental stress that might be encountered during infection.
Cytoskeletal dynamics and motor proteins are also regulated by Ca®". To determine how the F-actin and the microtubule cytoskeleton are
dynamically organized whilst growing over alveolar epithelial cell layers, we generated strains expressing a-tubulin and lifeact fused to
GFP and tagRFP-T. These live-cell imaging studies have been combined with the use of pharmacological agents and mutant analyses to
understand the roles of calcium signaling and the cytoskeleton during hyphal growth and infection.

Dynamics of the actin cytoskeleton in Phytophthora infestans hyphae and infection structures. Harold J.G. Meijer?, Kiki Kots'?,
Chenlei Hua®, Tijs Ketelaar?, Francine Govers®. 1) Lab. of Phytopathology, Wageningen University, Wageningen, Netherlands; 2) Lab. of
Cell Biology, Wageningen University, Wageningen, Netherlands.

The actin cytoskeleton is a dynamic but well organized intracellular framework that is indispensable for the viability of eukaryotic cells.
Its functions range from intracellular transport, formation of contractile rings, nuclear segregation, endocytosis and facilitating apical cell
expansions. We studied the actin cytoskeleton dynamics in the filamentous ocomycete plant pathogen Phytophthora infestans in transgenic
lines expressing the actin binding peptide Lifeact-eGFP by fluorescence microscopy. This showed that in hyphae actin filament cables and
plaques are cortically localized. The distance between the hyphal tip and the first actin filament plaque correlated strongly with growth
velocity. Upon growth termination, actin filament plaques appeared in the hyphal tip. The plaques were nearly immobile with average
lifetimes exceeding one hour; much longer (over 500-fold) than the lifetimes of actin patches in fungi. Plaque assembly required ~30
seconds while disassembly took only ~10 seconds. In contrast to actin patches in yeast, plague disassembly was not accompanied with
formation and internalization of endocytic vesicles (Meijer et al. 2014, Cell. Microbiol.). We also investigated the in vivo actin dynamics
during early stages of pathogenesis. At the site of contact with the plant cell a condensed transient actin structure was observed that
resembles aster-like actin structures formed upon encountering hard surfaces. Our results suggest that the actin cytoskeleton has distinct
functions during the P. infestans lifecycle. Future efforts will focus at identifying interactors and key regulators of the actin cytoskeleton
and pinpoint features in the actin network that are unique for oomycetes.

Analysis of Septin Organization Using Polarized Fluorescence Microscopy. Molly McQuilken®, Sara Abrahamsson?, Shalin B. Mehta®,
Grant Harris®, Amitabh Verma®, Rudolf Oldenbourg3, Amy S. Gladfelter®. 1) Biological Sciences, Dartmouth College, Hanover, NH; 2)
Lulu and Anthony Wang Laboratory of Neural Circuits and Behavior, Rockefeller University, New York, NY 10065; 3) Cellular Dynamics
Program, Marine Biological Laboratory, Woods Hole, MA 02543.

Septins are conserved filament-forming proteins that act in cytokinesis, membrane remodeling, cell polarization, and migration. They
closely associate with membranes and help establish dramatic shapes in various fungi. Although septin function is critical for diverse cell
events, it is not well understood how they assemble in vivo or how they are remodeled throughout the cell cycle. The orientation of the
dipole moment of GFP has been well established, and thus, constraining GFP to an endogenous septin allows for an assessment of septin
organization in vivo by polarization microscopy. Polarized fluorescence analysis has previously shown that septins filaments are paired in
properly assembled higher order structures, and organized septin filaments undergo a coordinated 90° reorientation during cytokinesis in
vivo. We developed a Multifocus Polarization Microscope (MF-PolScope) to evaluate septin organization in 3D through time to capture the
assembly and rearrangement of higher-order septin structures, and analysis of mutant yeast strains with abnormally organized septins. MF-
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PolScope imaging has enabled identification of septin interactors important for distinct aspects of the assembly, stability, and
rearrangement of septins. One interactor necessary for proper assembly of septin higher order structure is the regulatory septin Shsl. Using
the MF-PolScope we are not only able to show the organization of septin higher order structures, but we are able measure pairing of septin
filaments; a measurement that is challenging in the wide-field PolScope system. We were able to identify disorganization of septin
structure in Shs1 mutant lines is concomitant with an underlying lack of paired septin filaments. This work has provided more insight into
the role of septins in fungal shaping.

The functional orthologue of the human tumor suppressor APC protein MigA plays a role in polarity determination in the
filamentous fungus Aspergillus nidulans. Raphael Manck®, Yuiji Ishitsuka?, Satur Herrero®, Norio Takeshita®, G. Ulrich Nienhaus?,
Reinhard Fischer!. 1) IAB - Microbiology, KIT, Karlsruhe, Germany; 2) CFN, KIT, Karlsruhe, Germany.

Polarity establishment and maintenance is an essential process conserved in all kingdoms and very obvious in filamentous fungi like
Aspergillus nidulans. The cell needs an orchestrated polarization machinery to initiate and sustain a highly polarized structure such as a
hypha. The microtubule (MT) and the actin cytoskeleton along with MT associated proteins such as MT plus-end tracking proteins (+TIP)
play key roles in defining an internal polarity axis. In addition, MT’s define the site of actin polymerization through the delivery of cell end
marker proteins (1).

Here we describe MigA from A. nidulans, which is the first functional orthologue of the human tumor suppressor APC in filamentous
fungi. APC is an essential regulator of radial glial polarity and construction of the cerebral cortex in mice (2). Furthermore it regulates axon
arborization and cytoskeleton organization. MigA interacts with the membrane associated ApsA protein and is involved in spindle
positioning during mitosis. Since MigA is related to yeast Kar9, this function is conserved in comparison to Saccharomyces cerevisiae.
Moreover, MigA is also associated with septal and nuclear MT organizing centers and localizes in an EbA-dependent manner to
assembling and retracting MT plus-ends. This characteristic classifies MigA as a +TIP. A. nidulans MigA forms a homodimer and is able to
bind filamentous a-tubulin autonomously. In contrast to Kar9, MigA has another unexpected function. It is required for MT convergence
and correct localization of the cell end markers TeaR and TeaA at the hyphal tip. MigA also interacts with the class V myosin MyoV.
Taken together we propose an active Actin-MyoV-MigA-dependent guidance mechanism, the MigA-pathway, of MT’s in the hyphal tip.
Hence, actin and MT organization depend on each other.

(1) Fischer et al. (2008). Mol Microbiol. May; 68(4):813-26
(2) Yokota et al. (2009). Neuron. Jan 15;61(1):42-56.

Dynamics of cytoplasmic microtubules: From experimental data to simulations with prediction potential. R. Gibeaux, S. Grava?, A.
Politil, C. Antony?, F. Nedelec!, P. Philippsen®. 1) EMBL Heidelberg, Germany; 2) Biozentrum, University of Basel, Switzerland.

Cytoplasmic microtubules (cMTs) of Ashbya gossypii exclusively emanate from the outer side of the spindle pole bodies, which are
embedded in the nuclear envelope, and not from other sites in the multinucleated hyphae. This explains why cMTs in this fungus are not
involved in vesicle transport, but solely act as cytoskeletal elements for pulling of nuclei. A. gossypii nuclei are very mobile: bidirectional
movements prevent formation of nuclear aggregates, and bypassing of nuclei promotes nuclear mixing (Grava et al. Euk Cell 2011;
Gibeaux et al. JCS 2012). The key molecular motor for these processes is dynein which is transported by a kinesin to the plus ends of cMTs
and exerts pulling forces upon contact with the cortical anchor Num1. Mutants with shorter than wild-type cMTs lead to decreased nuclear
mobility and mutants with longer than wild-type cMTs lead to increased bidirectional movements and bypassing of nuclei (Grava and
Philippsen MBoC 2010). Despite these efforts it could not be conclusively demonstrated so far that growth dynamic of cMTs and pulling
forces exerted by cortex-associated dynein are solely responsible for the observed nuclear movements. In addition, it is still unknown
whether the high density of organelles visualized by electron tomography interferes with nuclear mobility or not (Gibeaux et al. Euk Cell
2013).

We therefore employed first principal modeling to quantitatively simulate the process. We first analyzed nuclear movements from live
imaging data to derive quantitative measurements amenable to comparison with simulation data. Using parameters of cMT dynamics as
measured in A. gossypii, we built a computational model that successfully and sufficiently reproduced in vivo behavior of nuclei in wild-
type and in mutants with shorter or longer cMTs, respectively. We also tested the influence of both cytoplasmic stream and organelle
crowding on nuclear movements.
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Thursday, March 19 3:00 PM-6:00 PM
Kiln

Fungal Volatiles: Critical Signals for Fungal Interactions
Co-chairs: Joan Bennett and Seogchan Kang

Volatile Organic Compounds from Trichoderma Isolates: Their Impact on Plant Growth and Development. Samantha Y Lee,
Richard Hung, Joan W. Bennett. Plant Biology and Pathology, Rutgers, The State University of New Jersey, New Brunswick, NJ.

Members of one of the most frequently isolated genera of free-living soil fungi, Trichoderma, are well studied for their ability to reduce
plant disease, promote plant growth and productivity. Previously, we demonstrated that T. viride emitted VOCs induced growth promotion
in the plant model system, Arabidopsis thaliana. The purpose of this study was to further examine and evaluate the effects of VOCs from
several species of Trichoderma including: T. aggressivum, T. asperellum, T. atroviride, T. brevicompactum, T. harzianum, T.
longibrachiatum, T. pseudokoningii, T. virens and T. viride (total of 20 strains) on A. thaliana and Lycopersicum esculentum. Plants and
fungi were grown together while physically separated, allowing only gas exchanges to occur. Plants exposed to VOCs of several species of
Trichoderma exhibited growth promotion and developmental changes including larger leaf size, increased shoot weight, increased lateral
root branching, and increased total chlorophyll concentration. Plants exposed to VOCs emitted from T. aggressivum, T. asperellum, T.
pseudokoningii, and T. viride had significant increases in total biomass and chlorophyll concentration. Interestingly, different strains of T.
asperellum induced varied responses in plants and certain strains significantly inhibited plant growth. Real-Time gRT-PCR data shows
that several auxin-related genes encoding efflux carrier, IAA, and SAUR-like proteins in A. thaliana were affected by the exposure to
Trichoderma VOCs. Using CG-MS, we have identified over 100 unique compounds emitted by Trichoderma: hydrocarbons,
sesquiterpenes, terpenes, straight-chain alkenes, saturated and unsaturated alcohols, aldehydes, ketones, aromatic compounds, and
heterocyclics. Currently, we are studying the effects of individual VOCs on plant growth and conducting transcriptome study by using
RNA-Seq and bioinformatics tools to understand volatile-mediated plant-fungus interactions.

Volatile compounds produced by plant-associated fungi play critical roles in plant growth and stress resistance. Ningxiao Li'?,
Vasileios Bitas?, Nate McCartney®, Jung-Eun Kim?, James Tumlinson’?, Seogchan Kang?. 1) Intercollege Graduate Degree Program in
Plant Biology, the Huck Institutes of the Life Sciences, The Pennsylvania State University, University Park, PA; 2) Plant Pathology and
Environmental Microbiology, The Pennsylvania State University, University Park, PA; 3) Department of Entomology, The Pennsylvania
State University, University Park, PA.

Because volatile compounds can travel far from the point of production through air, liquids, and porous soils, biogenic semio-volatile
compounds can mediate both short- and long-distance organismal interactions. Animal- and plant-derived volatiles in directing animal
behaviors (e.g. pheromones, homing cues to pollinators, parasitoids and biting insects) and volatile hormones, such as methyl jasmonate
and methyl salicylate, as a language for plant-to-plant communication have been well-documented. Microbial volatiles also have been
implicated as signals for mediating microbial interactions with other microbes, plants and animals. Accumulated evidence from plant
growth promoting rhizobacteria suggested that certain microbial volatiles function as chemical effectors that manipulate plant physiology.
However, the available knowledge on similar roles of fungal volatiles is very limited. Fusarium oxysporum and Verticillium spp. are
common soil borne fungal species, with some strains causing vascular wilt diseases in many agriculturally important plants around the
world. Given their economic importance, it is critical to better understand their ecology and pathology. Recent studies in our group showed
that many isolates of F. oxysporum (47 out of 58) and all isolates from 10 Verticillium spp. significantly promoted plant growth via volatile
production. Moreover, volatile-treated plants showed enhanced resistance to Pseudomonas syringae DC3000 and increased salt tolerance.
Genetic and histochemical analyses indicated that fungal volatiles affect multiple phytohormone signaling pathways. Through targeted
mutagenesis, we began uncovering the nature of fungal volatiles that affect plant growth and their biosynthetic pathways.

Oxylipin cross-talk between innate immunity and Aspergillus fumigatus. Gregory Fischer', Jun Yang? Chun-Jun Guo®, Jonathan M.
Palmer*, Erwin Berthier*, Taylor Dagenais*, Xiaozhu Huang®, Bruce D. Hammock?, Clay C.C. Wang®, Nancy P. Keller'*. 1) Department
of Genetics, University of Wisconsin-Madison, Madison, WI; 2) Department of Entomology and Comprehensive Cancer Center,
University of California-Davis, Davis, CA; 3) Pharmacology and Pharmaceutical Sciences and Chemistry, University of Southern
California, Los Angeles, CA,; 4) Department of Medical Microbiology and Immunology, University of Wisconsin-Madison, Madison, WI;
5) UCSF Sandler Asthma Basic Research Center, University of California-San Francisco, San Francisco, CA.

Aspergillus fumigatus is a ubiquitous fungal pathogen causing diseases of the hyperimmune state (e.g. acute bronchopulmonary
aspergillosis, ABPA) and the hypoimmune state (e.g. invasive aspergillosis, 1A). We hypothesize oxylipin-producing oxygenases encoded
within the A. fumigatus genome impact development of both diseases. A. fumigatus contains two lipoxygenases and three cyclooxygenase-
like enzymes with considerable identity to human 5-lipoxygenase and cyclooxygenase enzymes, respectively. Through development of
various oxygenase deletion and overexpression mutants, we have characterized an A. fumigatus oxylipin profile, detecting many oxylipins
already known to exacerbate asthmatic symptoms when produced by a human host. Extracts containing oxylipins from a lipoxygenase
overexpression strain (OE::loxB) led to hallmark traits of asthma including increased airway hyperresponsiveness, macrophage and
eosinophil recruitment, and increased IgE levels in a murine model of asthma. Furthermore, disruption of a particular cyclooxygenase-like
enzyme, PpoA, altered neutrophil recruitment, a primary mechanism by which hosts counter IA development. The acquisition of these
oxygenase enzymes may present a novel, albeit unintentional, mechanism by which A. fumigatus exacerbates ABPA and/or 1A
development.
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Influence of volatile organic compounds on Fusarium graminearum mycotoxin production. Martha Vaughan, Susan McCormick.
USDA ARS, Peoria, IL.

Volatile organic compounds (VOCs) are involved in a diverse range of ecological interactions. Due to their low molecular weight,
lipophilic nature, and high vapor pressure at ambient temperatures, they can serve as airborne signaling molecules that are capable of
mediating inter and intraspecies communications. VOCs emitted by plants can directly contribute to the emitter’s disease resistance,
enhance the resistance of neighboring plants, and influence sporulation of colonizing fungal species. Correspondingly, fungal VOCs can
alter the growth and metabolism of other fungal species and plants. Interestingly, production of a VOC, trichodiene, is the first step in the
biosynthesis of Fusarium trichothecene mycotoxins. Despite the close association of this volatile with in planta trichothecene contaminants
and the function of these mycotoxins as a virulence factor which enhances disease development, not much is known about the potential
function of trichodiene as a volatile signal. Governed by the hypothesis that VOCs play a role in the interaction between wheat and
Fusarium graminearum, the major causal agent of Fusarium head blight disease in wheat, we are investigating the influence of VOCs in
mycotoxin production.

Trichoderma secondary metabolism and its relation to plant growth promotion. Maria Fernanda Nieto Jacobo, Fatima Berenice
Salazar-Badillo?, Mark Braithwaite®, Dianne Nguyen®, Michael Rostas®, Jorge Teodoro de Souza®, Johanna Steyaert, Juan Francisco
Jimenez-Bremont?, Alison Stewart*, Artemio Mendoza®. 1) Bio-Protection Reserch Centre, Lincoln University, Lincoln, Lincoln, New
Zealand; 2) San Luis Potosi Institute of Scientific Research and Technology, San Luis Potosi, Mexico; 3) Marrone Bio Innovations, 2121
Second St, Davis, California 95618, USA.

Endophytic Trichoderma strains can improve plant growth, confer disease resistance and abiotic stress tolerance, and at the same time,
obtain nutrients from their host plants without causing apparent disease symptoms. The continuation of a symbiotic relationship between
endophytes and their respective hosts requires constant communication between the organisms. We have been investigating the role of the
fungal-derived phytohormone indole acetic acid (IAA) and volatile organic compounds (VOCSs) in the signalling dialogue between
Trichoderma and the model plant Arabidopsis thaliana. A range of Trichoderma strains, selected for their ability to enhance root
production in greenhouse experiments, were tested for IAA production in synthetic medium. Significant differences were observed in the
ability to synthetize IAA between strains, and it was found to be medium dependent. Most of the Trichoderma strains induced anthocyanin
production in the leaves, which may be an indication of stress. No significant differences were observed in most of Trichoderma strains in
their abilities to induce A. thaliana root growth on Murashige & Skoog plates. In a separate bioassay conducted in gamma radiated soil,
contrasting results were observed. While four strains significantly enhanced shoot weight, two had no effect on shoot weight and one strain
negatively impacted total plant fitness, reducing growth by 50% compared to the untreated control. Thus, we suggest that although IAA
could have an important role in the plant growth promotion, additional signals need to be considered in this process such as VOCs. Using a
Petri dish split system, we demonstrated that VOCs produced by Trichoderma have an impact on plant fitness. The VOCs profiles of
different strains will be discussed.

Non-trichothecene sesquiterpenes are produced by Fusarium graminearum PH-1, and are dependent on Tri5 expression. Chris
Flynn®, Karen Broz?, Valeriu Bortnov?, Claudia Schmidt-Dannert!, H. Corby Kistler?. 1) University of Minnesota. Department of
Biochemistry, Molecular Biology, and Biophysics. Saint Paul, MN, USA; 2) USDA ARS Cereal Disease Laboratory, St. Paul, MN, USA.

Deoxynivalenol (DON) is the primary mycotoxin produced by the cereal disease causing ascomycete F. graminearum. DON is a
trichothecene sesquiterpene derived via the trichodiene synthase (Tri5) product trichodiene. Sesquiterpenes, produced by sesquiterpene
synthases (STS), are fifteen-carbon compounds made by many plants, bacteria, and fungi, often as defensive, pathogenesis-related, or
signaling compounds. Tri5 is one of eight putative STSs in the F. graminearum genome. Here we describe Solid-Phase MicroExtraction
(SPME) sampling of the volatile and soluble fractions of F. graminearum PH-1 shake flask cultures. When grown in trichothecene
induction medium, PH-1 produces trichothecenes as expected, as well as several unanticipated non-trichothecene sesquiterpenes, whereas
no volatile terpenes were detected when grown in non-inducing medium. Surprisingly, a A¢ri5 deletion strain grown in inducing conditions
not only ceased production of the anticipated trichothecenes, but also did not produce the non-trichothecene sesquiterpenes. To test the
possibility that F. graminearum Tri5 is a non-specific STS directly producing all observed sesquiterpenes, Tri5 was cloned from F.
graminearum PH-1 cDNA, expressed in E. coli, and shown to produce primarily trichodiene. Therefore, while Tri5 expression in F.
graminearum PH-1 is necessary for non-trichothecene sesquiterpene biosynthesis, direct catalysis by Tri5 is not sufficient to explain the
diversity of sesquiterpenoids produced under trichothecene inducing conditions, nor can it explain the sesquiterpene deficient phenotype
observed in the A#ri5 strain. These findings suggest that the Tri5 expression, through an as-of-yet unidentified mechanism, is required for
expression of non-trichothecene producing STSs under DON inducing conditions. While the role of trichothecenes in phytotoxicity is
known, the biological function of non-trichothecene sesquiterpenes, specifically co-produced with trichothecenes, has not yet been
determined.

Ammonia: a critical signal for fungal host interactions. Shiri Barad™? Eduardo Espeso®, Amir Sherman®, Dov Prusky®. 1) Post Harvest
Sci, Agricultural Res Org, Bet Dagan, Israel; 2) Department of Plant Pathology and Microbiology, The Robert H. Smith Faculty of
Agriculture, Food and Environment, The Hebrew University of Jerusalem, Rehovot 76100, Israel; 3) Department of Molecular and Cellular
Biology, Centro de Investigaciones Biologicas (C.1.B.), Madrid, Spain; 4) Genomics Unit, ARO, The Volcani Center, Bet Dagan 50250,
Israel.

Penicillium expansum, the causal agent of blue mold rot, causes severe postharvest fruit maceration through secretion of D-gluconic acid
(GLA) and secondary metabolites such as the mycotoxin patulin in colonized tissue. While patulin was described to be produced by many
Penicillium species, the conditions inducing patulin biosynthesis are not clear. Analysis of the pH modulating factors produced by P.
expansum detected that beside the production of GLA, the fungus can accumulate ammonia, both in culture and in vivo, at the leading edge
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of the colonized tissue. Treatment with exogenic ammonia to growing P. expansum on solid media induced patulin biosynthesis by
inducing the expression of the global pH regulator and the secondary-metabolism-regulating transcription factors pacC and laeA,
respectively. Experiments, by which ammonia was modulated by growth under limited or excessive carbon source, showed that ammonia is
an efficient inducer of the expression of intermediate factors modulating patulin accumulation, including pacC, laeA and idh (one of the
last genes in patulin biosynthesis), at pH ranges of 3.7-4.0 in the presence of GLA. Analysis of relative expression of pacC at acidic
buffered conditions indicated that ammonia may induce a 2 fold increase in the relative expression of pacC at pH 4.5, probably as a result
of internal fungal alkalization. Present result indicates that conditions enhancing ammonia accumulation by colonizing P. expansum may
activate patulin accumulation and several pathogenicity factors which contribute to host-tissue colonization by P. expansum under acidic
conditions.

Hydroxy Fatty Acids Sensing and Surface Perception by Ustilago maydis. Pierre Grognet, Regine Kahmann. Department of Organismic
Interactions, Max Planck Institute for Terrestrial Microbiology, Marburg, Germany.

For Ustilago maydis, filamentous growth and appressoria formation are the key stages for infection. In nature, the switch from yeast to
hyphae takes place on the plant surface in response to sensing plant signals. It is known that two different stimuli are sensed:
hydrophobicity and hydroxy-fatty acids (HFAs). While two membrane proteins involved in hydrophobicity sensing are known (Msb2 and
Shol), nothing is known yet about the receptors involved in HFAs sensing. HFAs trigger filamentation of U. maydis and are required for
efficient appressoria formation on a hydrophobic surface. HFAs belong to a broader family of compounds called oxylipins. These
molecules are present in all major groups of eukaryotes and play crucial roles in communication either between individuals or as internal
communication signal. All known receptors for oxylipins are G protein-coupled receptors (GPCR). Mining the genome of U. maydis
allowed us to identify 63 putative 7 trans-membrane domains proteins and spot candidate oxylipins receptors. Here we discuss the role of
these candidate receptors in HFA sensing and provide insight into the downstream signaling pathways triggered by HFAs.

Thursday, March 19 3:00 PM-6:00 PM
Heather

Molecular Evolution of Antifungal Resistance
Co-chairs: Richard Oliver and Paul Bowyer

Fungal cell wall remodelling and antifungal drug tolerance. Carol Munro, Louise Walker, Keunsook Lee, Sami Alawfi, Donna
MacCallum, Neil Gow. School of Medical Sciences, University of Aberdeen, Aberdeen, United Kingdom.

The Candida albicans cell wall is a dynamic organelle, primarily composed of chitin, B-1,3-glucan, B-1,6-glucan and mannoproteins. The
echinocandin antifungal drugs target the cell wall by inhibiting $-1,3-glucan synthesis. The echinocandins generally provide effective
therapy but sporadic breakthrough infections caused by resistant Candida isolates have been reported. C. albicans acquires echinocandin
resistance through point mutations in the FKS target genes. In addition C. albicans responds to sub-MIC echinocandins by up-regulating
chitin biosynthesis through activation of cell wall salvage pathways, that involve PKC and calcium/calcineurin signalling. Cells with
elevated chitin are less susceptible to echinocandins in vitro, as well as in infection models. Other Candida species (with the exception of
Candida glabrata) and Aspergillus fumigatus also activate compensatory chitin production when challenged with sub-MIC echinocandins,
resulting in drug tolerance.

Substantial changes in the cell wall glycoproteome are also triggered by cell wall and envelope stresses, including echinocandin treatment.
Several predicted carbohydrate-active enzymes (CAZy) enzymes involved in modulating and cross-linking chitin and glucan (Phrl, Phr2,
Pga4, Crh11, Utr2) are among the cell wall proteins (CWPs) positively regulated in response to cell wall damage. The PKC cell wall
integrity pathway MAP kinase, Mkc1, and the transcription factor, RIm1, are important in the regulation of surface expression of these
CWPs. Overexpression or deletion of specific CWP genes results in altered caspofungin susceptibility, paradoxical growth and host-
pathogen interactions.

RNA-seq analysis of Cercospora beticola DM I-resistant and -sensitive strains in response to tetraconazole. Melvin Bolton®, Luigi
Faino?, Bart Thomma?, Gary Secor®. 1) USDA - ARS, Fargo, ND, USA; 2) Laboratory of Phytopathology, Wageningen University,
Wageningen, The Netherlands; 3) 3Department of Plant Pathology, North Dakota State University, Fargo, ND, USA.

The hemi-biotrophic fungus Cercospora beticola causes Cercospora leaf spot (CLS) of sugarbeet. CLS management measures rely on
the application of sterol demethylation inhibitor (DMI) fungicides. Reduced sensitivity to DMIs has been reported recently in sugarbeet
growing regions worldwide. We have shown previously that CbCyp51, which encodes the DMI target enzyme sterol P450 14a-
demethylase in C. beticola, is over-expressed in DMI-resistant isolates. After exposure to tetraconazole, DMI-resistant isolates respond
with further induction of CbCyp51. However, no CbCyp51 promoter or gene mutations were associated with DMI resistance. To gain
additional insight and identify other mechanisms involved with DMI-resistance, we used RNA-seq to identify genes differentially
expressed in DMI-resistant and -sensitive C. beticola isolates upon exposure to tetraconazole or the control treatment in
vitro. Interestingly, both the resistant and sensitive isolates responded with a marked induction of 15 of the 22 genes in the ergosterol
biosynthesis pathway in response to tetraconazole. All 15 genes were induced to similar expression levels between the two isolates except
for ChCyp51 and CbhErg3, which were ~16- and 2-fold higher in the resistant isolate when compared to the sensitive isolate,
respectively. In total, 110 genes were uniquely differentially-expressed in the DMI-resistant isolate. Genes previously implicated with
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fungicide resistance such as ABC and MFS transporters were identified. The most highly induced gene in the DMI-resistant isolate
encodes a protein with multiple transmembrane regions known to provide DMI resistance in yeast. This protein is not known to provide
efflux activity, but may bind directly to the fungicide. Further characterization of this gene and a detailed pathway analysis will be
presented.

Accumulation of mutations in Blumeria graminis f. sp. hordei CYP51 confers positive and negative cross-resistance to triazole
fungicides. Madeline Tucker®, Francisco Lopez Ruiz', Hans Cools?, Jonathan Mullins®, Richard Oliver'. 1) Environment and Agriculture,
Curtin University, Perth, Western Australia 6102, Australia; 2) Biological Chemistry and Crop Protection, Rothamsted Research,
Harpenden, Hertfordshire AL5 2JQ, United Kingdom; 3) Institute of Life Science and College of Medicine, Swansea University, Swansea,
Wales SA2 8PP, United Kingdom.

Powdery mildews are amongst the most pervasive diseases worldwide. The effects of powdery mildews on crop yields vary widely with
the phenology of the crop and its husbandry. Loses in cereals can amount to 40% in harvested grain while fruit infections in other crops
like grapes can result in complete loss of the crop. Here we report the discovery of new mutations in the target site of the demethylation
inhibitor (DMI) fungicides (Cyp51 gene) in the barley powdery mildew fungus Blumeria graminis f. sp. hordei (Bgh) and dissect the
contribution of each mutation to the final resistant phenotype. Sequencing of the Bgh Cyp51 target in a subset of isolates showing reduced
triazole sensitivity, established a clear correlation with amino acid alterations Y136F, K171E, M301l, R327G and S509T in the Bgh
CYP51 variants. Characterization of the mutations in a Saccharomyces cerevisiae mutant carrying a doxycycline-regulatable promoter
controlling native Cyp51 expression revealed that yeast genotypes harbouring the S509T mutation were less sensitive to all triazoles except
fluguinconazole, which was significantly more effective. Protein structural modelling showed a strong correlation between fungicide
sensitivity and the heme cavity volume. Interestingly, fluguinconazole docking studies indicated a potential negative cross resistance effect
as a result of the interaction established between the proteins carrying the S509T mutation and this azole. The in silico appraisal of binding
efficiencies between specific triazoles and CYP51 variants promises to facilitate the design of resistance management strategies that
counterselect the most abundant mutations and considerably extend the useful life of this critical group of fungicides. The implications of
these findings for powdery mildew fungicide resistance management in Australia are discussed.

A regular unicellular stage facilitates adaptation: the emergence of azole resistance in Aspergillus fumigatus . Jianhua Zhang', Alfons
Debets’, Paul Verweij?, Willem Melchers?, Bas Zwaan®, Sijmen Schoustra’. 1) Laboratory of Genetics, Wageningen University,
Wageningen, Netherlands; 2) Department of Medical Microbiology, Radboud University Medical Centre, 6500 HB Nijmegen, The
Netherlands.

Understanding the occurrence and spread of azole resistance in Aspergillus fumigatus is crucial for public health. It has been
hypothesized that a unicellular stage via asexual sporulation is essential for phenotypic expression of azole resistance mutations in A.
fumigatus facilitating subsequent spread through natural selection. We assessed the advantage of unicellular stage via asexual sporulation
by growing the fungus under pressure of one of five different azole fungicides and monitoring the rate of adaptation between scenarios of,
(i) exclusive mycelium growth (multicellular stage) without asexual sporulation, and, (ii) growth allowing asexual sporulation (unicellular
stage). Our results unequivocally show that unicellular stage via asexual sporulation enhances adaptation over a fixed period of
evolutionary time. This can be explained by the combination of more effective selection because of the transition from a multicellular to a
unicellular stage, and by increased mutation supply due to the sporulation process, which involves numerous mitotic divisions. Our insights
are essential to unravel the fungal adaptation strategies are highly relevant for resistance development in the natural environment, but also
for patients with chronic aspergillus diseases. Uncovering the pathways to adaptation will help to improve our current management
strategies both in agricultural and medical fields.

Key words: Aspergillus fumigatus; azole resistance; unicellular and multicellular; asexual sporulation; experimental evolution; MIC value;
mycelial growth rate.

Breaking the mould - drug resistance in fungal disease. Paul Bowyer. Manchester Fungal Infection Group, Faculty of Medicine and
Human Science, University , manchester, United Kingdom.

Fungi are ubiquitous and human exposure to fungi is inescapable. Global mortality due to fungal disease rivals that caused by malaria and
tuberculosis. Millions more suffer chronic allergic disease associated with fungal colonisation or exposure. Currently azoles are the main
therapeutic option for fungal disease and remain the only oral therapy. Resistance to azoles is rising rapidly in certain countries.

Here we survey the prevalence and nature of azole resistance across the world. The first cases of azole resistance in clinically important
fungi were documented over 20 years ago. Since then the frequency of resistance has increased rapidly although there are dramatic
geographical differences in nature and prevalence.

Most known mechanisms of resistance involve mutation of the gene encoding the target protein or up — regulation of drug efflux however
such mechanisms are unable to account for a large percentage of observed clinical drug resistance. Recent work in our laboratory and
others across the world has elucidated several new mechanisms of resistance that not only display clinical relevance but also shed light on
the mechanism of drug action.

Succinate-dehydrogenase inhibitors (SDHIs) resistance evolution in cereal pathogens. Stefano Torriani, Regula Frey, Jiirg
Waullschleger, Carolina Buitrago, Stephane Bieri, Gabriel Scalliet, Helge Sierotzki. Syngenta, Stein, Switzerland.
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Disease control is critical to cereal production in Europe; several commonly occurring diseases pose significant threat to yields and grain
quality. In high disease pressure year, yield loss can be significant. Nowadays, cereal pathogens are mainly controlled by quinone outside
inhibitors (Qols), succinate-dehydrogenase inhibitors (SDHIs), demethylation inhibitors (DMIs) and multi-site fungicides, such as
chlorotalonil. Resistances have been reported to the major fungicide classes. Therefore, understanding of evolutionary processes
responsible for emergence and spread of resistance coupled to long term monitoring are essential to infer adequate anti-resistance
management strategies. SDHIs block the TCA cycle at the level of succinate to fumarate oxidation, leading to an inhibition of respiration.
SDHI resistance has been observed in 14 fungal pathogens to date and is caused by different mutations in the target genes encoding for the
mitochondrial succinate dehydrogenase (SDH) enzyme. The SDH enzyme is composed by four subunits encoded by distinct genes (sdh-A
to D). Mutations in sdh-B to D associate in different cereal pathogens to decreased SDHI sensitivity. Recently, Zymoseptoria tritici isolates
carrying mutations T79N and W80S in sdh-C and N225T in sdh-B were reported. These mutations confer only limited resistance level. In
Pyrenophora teres the first resistance allele H277Y in sdh-B was reported in 2012. In 2013 mutation associated to decreased sensitivity
were found in all three SDH subunits (sdh-C G79R was the most frequent). In this study we describe the evolutionary forces shaping SDHI
resistance in field and we will discuss the evolution of single target genes and how their combination into a functional enzyme might shape
the response to fungicide.

DMI resistance in Zymoseptoria tritici: a history of gradual molecular evolution. Patrick Brunner, Bruce McDonald. Integrative
Biology Zurich, ETH Zurich, Zurich, Switzerland.

Fungicide resistance in crop pathogens is a global threat to food production but surprisingly little is known about the evolutionary
processes associated with the emergence and spread of fungicide resistance. We evaluated early, mid and late stages in the evolution of
fungicide resistance using the wheat pathogen Zymoseptoria tritici, taking advantage of a global isolate collection spanning +20 years. We
analyzed sequences of the nuclear CYP51 gene implicated in multiple-mutation resistance to azole fungicides. Results are discussed with
particular regard to the roles of selection and intragenic recombination as driving evolutionary forces.

Genetic analysis of multi-drug-resistance (MDR) in Mycosphaerella graminicola (Zymoseptoria tritici) field isolates. Selim Omrane?,
Colette Audéon®, Amandine Ignace®, Clémentine Duplaix®, Hind Sghyer!, Lamia Aouini?, Gert Kema?, Anne-Sophie Walker?, Sabine
FiIIingerz. 1) INRA, AgroParisTech, UMR BIOGER, Avenue Lucien Brétigniéres, F78850 Thiverval-Grignon, France; 2) Plant Research
International, Wageningen University, Wageningen, The Netherlands.

Multidrug resistance (MDR) is a common trait developed by many organisms to counteract chemicals and/or drugs used against them.
The basic MDR mechanism is relying on an overexpressed efflux transport system that actively expulses the toxic agent outside the cell. In
fungi, MDR (or PDR) has been extensively studied in Saccharomyces cerevisiae, but also plant pathogenic fungi, e.g., Botrytis cinerea,
Oculimacula yallundae and Mycosphaerella graminicola are concerned by this phenomenon.

MDR strains were detected in septoria leaf blotch (M. graminicola) field populations since 2008. These strains are cross-resistant to
fungicides with different modes of action due to active fungicide efflux. In a previous study, we identified the MgMFS1 gene
overexpressed in all tested MDR field strains (Omrane et al., 2015). This gene encodes a major facilitator membrane transporter whose
inactivation abolished the MDR phenotype in at least one field strain.

We went out to identify the mutation(s) responsible for MDR phenotype in two isolated strains (MDR6 and MDR7). Crosses between both
MDR strains showed that mdr6 and mdr7 loci are closely linked. A bulk-segregant analysis coupled to next generation sequencing showed
a clear co-segregation between phenotypes and the left arm of chromosome 7. This region harbors 14 genes including the gene. We
identified a 519 bp insert (LTR-like) in both MDR strains as well as in other (but not all) MDR field strains. Genotyping of the progenies
for the promoter insert showed a clear, but not exclusive correlation between the MgMFS1 promoter insert and the MDR phenotype. These
results indicate that the LTR-like insert is responsible for the MDR phenotype, potentially via MgMFS1 overexpression, but also that an
additional and independent mutation confers the MDR phenotype to strain MDR6.

Thursday, March 19 3:00 PM-6:00 PM
Nautilus

Circadian Rhythms and Photobiology
Co-chairs: Deborah Bell-Pedersen and Christian Hong

Light-responsive transcription factors (LTFs) regulate differentiation and virulence in the gray mold fungus Botrytis cinerea. Kim
Cohrs, Julia Schumacher. IBBP, WWU Miinster, Schlossplatz 8, 48143 Minster, Germany.

Botrytis cinerea is the causal agent of gray mold diseases in a range of dicotyledonous plant species. The fungus reproduces asexually by
forming macroconidia for dispersal and sclerotia for survival; the latter also participate in sexual reproduction by bearing the apothecia
after fertilization by microconidia. Light induces the differentiation of conidia and apothecia, while sclerotia are exclusively formed in the
absence of light. The fungus responds to different wavelengths of light i.e. to near-UV, blue, red and far-red light suggesting that the eleven
photoreceptors (two cryptochromes, four LOV proteins, two opsins, three phytochromes) are involved in light perception and initiation of
downstream signaling events. Microarray analyses revealed 293 light-responsive genes including six TF-encoding (LTFs) and seven
photoreceptor-encoding genes. The White Collar complex (WCC) formed by two GATA-type TFs is crucial for the response to blue/ white
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light as it induces the transcriptional response of many genes (Canessa et al. 2013). However, light induction of some genes still occurs in
its absence and the complex also works as repressor of light-induced genes indicating the contribution of other wavelengths/ photoreceptors
to drive white light-responsive gene expression. LTFs are considered regulators of differentiation in B. cinerea by either promoting
conidiation and/ or repressing sclerotial development. In fact, functional characterization of BcLTF1 - 3 (orthologs of Neurospora crassa
SUB-1, SAH-1, and CSP-1) confirmed their involvement. Thus, BcLTF1 functions as repressor of conidiation and is furthermore involved
in virulence, oxidative stress response and secondary metabolism (Schumacher et al. 2014). BcLTF2 appears to be the master regulator of
conidiation in this system as its overexpression is sufficient to induce conidiation while its deletion abolishes conidiation. BCLTF3 is
required for the differentiation of the conidia; its deletion results in malformed conidiophores that form sterile hyphae instead of conidia.
As mutations of the LTFs affect the expression levels of other LTF-encoding genes, we assume a comprehensive network of TFs and
photoreceptors that regulates light responses in B. cinerea.

Functions of ENVOY in Trichoderma reesei. Monika Schmoll*, Jameela Lokhandwala®®, Hilary H. Hopkins®®, Aroa Rodriguez-Iglesias’,
Christoph Dattenboeck®, Brian D. Zoltowski?*®. 1) Department Health and Environment, Bioresources, Austrian Institute of Technology
AIT, Tulln, Austria; 2) Department of Chemistry, Southern Methodist University, Dallas, TX 75275, USA, 3) Center for Drug Discovery,
Design and Delivery at Dedman College, Southern Methodist University.

Trichoderma reesei is one of the most prolific producers of plant cell wall degrading enzymes. In recent years, we showed that carbon
metabolism including cellulase gene regulation are targets of the light signaling pathway. ENV1 (ENVQY) is one of the components
involved in this regulation. Thereby, ENV1 plays important roles in cellulase regulation and carbon utilization on many carbon sources
predominantly in light, but also has functions in darkness. One link between light signaling and nutrient signaling is established by
regulatory interaction between ENV1 and the phosducin like protein PhLP1. Additionally, ENV1 is involved in regulation of sexual and
asexual development. Nevertheless, despite similar output pathways of ENV1 and Neurospora crassa VVD, significant differences were
found in their effects on gene regulation and development.

Analysis of the crystal structure of different variants of ENV1 indicated a function of C96 in oxidative stress response. Indeed this amino
acid was found to be important for response to oxidative stress in vivo and moreover it was relevant for cellulase regulation. Also for T101,
which is responsible for a different photocycle lifetime of ENV1 compared to VVD, a function in stress response was observed.
Development was not affected by alteration of these two amino acids. In both cases, the presence of the respective amino acid appears to be
evolutionary conserved across genera related to T. reesei vs. N. crassa.

Length of the photocycle in the VVVVD photoreceptor controls photo-adaptation and a dynamic VVD-WW(C pool. Jennifer Loros®,
Arko Dasgupta?, Chen Hui Chen®, Changhwan Lee*, Amy Gladfelter®, Jay Dunlap?®. 1) Dept Biochemistry, Geisel School of Medicine at
Dartmouth, Hanover, NH; 2) Dept Genetics, Geisel School of Medicine at Dartmouth, Hanover, NH; 3) Duke University Medical Center,
Durham, NC; 4) University of Wisconsin,Madison, WI; 5) Dept Biological Sciences, Dartmouth College, Hanover, NH.

Most organisms on earth sense light through the use of chromophore bearing photoreceptive proteins with distinct and characteristic
photocycle lengths, yet the biological significance of photocycle length is neither understood nor been tested. In the filamentous
fungus Neurospora crassa VIVID (VVD) is a critical player in the process of photoadaptation, the attenuation of light induced responses
and the ability to maintain photosensitivity in response to changing light intensities. Detailed in vitro analysis of the photochemistry of the
blue light sensing, FAD binding, LOV domain of VVD has previously revealed residues around the site of photo-adduct formation that
influence the stability of the adduct state, altering the photocycle length. We have examined the biological significance of VD photocycle
length to photoadaptation and report that a double substitution mutant (vvd174V&I85V), previously shown to have a very fast light to dark
state reversion in vitro, shows significantly reduced interaction with the White Collar Complex (WCC) resulting in a substantial
photoadaptation defect. This reduced interaction impacts WHITE COLLAR-1 (WC-1) protein stability when N. crassa is exposed to
constant light with the result that mutant VVD is unable to form a dynamic VVD-WCC pool of the size required for photoadaptation as
assayed both by attenuation of gene expression and the ability to respond to increasing light intensity. Additionally, transcription of the
clock gene frequency (frq) is sensitive to changing light intensity in a wild-type strain but not in the fast photo-reversion mutant indicating
that the establishment of this dynamic VVVD-WCC pool is essential in general light and circadian biology.

Characterization of light and circadian regulation in the necrotrophic fungus Botrytis cinerea and its role in pathogenesis using
Arabidopsis thaliana as a plant model. M. Hevia, P. Canessa, H. Muller, L. F. Larrondo. Millennium Nucleus for Fungal Integrative and
Synthetic Biology and Depto. Genética Molecular y Microbiologia, Facultad de Ciencias Bioldgicas, Pontificia Universidad Catdlica de
Chile.

The necrotrophic fungus Botrytis cinerea is a phytopathogen that infects over 200 different plant species, ranking as the second most
important plant pathogenic fungus based on its scientific-economic relevance. In order to understand how environmental signals affect is
pathogenic potential, we have been evaluating the effect of light and circadian regulation on this fungus. Thus, we have identified that
some, but not all light responses, are processed by a LOV domain transcription factor, which is the orthologue of Neurospora crassa WC-
1. Thus, light modulates pathogenicity, and a strain that is devoid of BcWC-1 generates smaller lesions in the light, but not in the dark
(where it behaves like the WT). We have also started the characterization of the B. cinerea circadian clock, which is composed of a FRQ
protein orthologue and a transcriptional complex formed by WC-1 and WC-2. Our results indicate that bcfrg mRNA presents daily
oscillations in a light-dark cycle and in constant darkness (DD), rhythms which are lost in a bcwc-1 KO strain. We have observed
oscillatory levels of the BcFRQ protein under temperature cycles and DD. Both the bcfrg mRNA and BcFRQ protein anticipate cyclical-
environmental changes (light or temperature), a key characteristic of circadian behavior. Importantly, we have observed an impaired
infection process using bcfrg and bewe-1 KO strains. Moreover, we demonstrate that the outcome of the plant- fungal pathogen interaction
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using Arabidopsis thaliana and B. cinerea as working models varies with the time of day. Altogether, these results provide the first
evidence indicating the existence and importance of a circadian clock in a pathogenic fungus, putting forward the concept that fungal
clocks can synchronize key elements of virulence and pathogenesis. Fondecyt 1131030, MN-FISB NC120043.

Two circadian oscillators function to coordinately regulate circadian rhythmicity in Neurospora crassa. Nirmala Karunarathna’,
Renato de Paula’, Bin Wang?, Jay Dunlap?, Deborah Bell-Pedersen?. 1) 3258 TAMU, Biological Sciences Building West, College Station,
TX; 2) Dartmouth Medical School, Hanover, NH.

Most eukaryotes possess a circadian timing mechanism composed of at least a core circadian oscillator that uses proteins with opposing
functions to form a negative feedback loop: positive-acting elements stimulate expression of the negative-acting elements, and the negative
elements physically interact with the positive elements to inhibit their function. While the molecular details of the core oscillator are well
described, new data suggests that the clock is comprised of multiple oscillators. For example, rhythmic behavior has been observed in
canonical clock mutants of Neurospora, Drosophila, and mammals. In Neurospora, oscillations that are unmasked when the core circadian
oscillator, the FRQ/WC oscillator (FWO), is eliminated have been referred to as FRQ-less oscillations that are driven by FRQ-less
oscillators (FLOs).We recently discovered a set of genes, including ccg-16 of unknown function, which are rhythmic in constant dark in
strains that lack FRQ, and thus a functional FWO, but which require the WCC for rhythmicity. In addition, mMRNA and protein levels of
ccg-16 cycle in constant light, conditions in which the FWO is arrhythmic. These data indicated the existence of a second oscillator in
Neurospora cells, called the WCC-FRQ-less oscillator (WC-FLO), which may be coupled to the FWO through the WCC. We hypothesized
that components of the WC-FLO physically interact with the WCC, similar to the interaction of FRQ with the WCC required negative
feedback of the FWO. To test this hypothesis, knockouts of genes encoding WCC interacting proteins were examined for loss of ccg-
16:luciferase reporter rhythms. Deletion of a WCC-interacting and clock-controlled transcription factor abolished ccg-16 rhythms,
suggesting a role for this protein in the WC-FLO mechanism, or in an output pathway from the WCC-FLO. Experiments are in progress to
distinguish between these possibilities.

A HAD family phosphatase PSR-1 regulates Circadian Output pathway in Neurospora crassa. X. Zhou, B. Wang, C. Mallappa, J.
Loros, J. Dunlap. Department of Genetics and Biochemistry, Geisel School of Medicine at Dartmouth, Hanover, NH03755, USA.

Circadian clocks are ubiquitous in eukaryotic organisms where they are used to anticipate regularly occurring diurnal and seasonal
environmental changes. Neurospora crassa has been used as a principal model organism for studying the circadian system for more than
half a century. Nevertheless, little is known regarding pathways connecting the core clock to its output pathways. Here, we demonstrate a
HAD family phosphatase PSR-1 is involved in circadian clock output. The psr-1 deletion mutant has a circadian output defect on race
tubes under free running conditions; constant conidiation is observed instead of rhythmic banding. However, further analysis indicates that
the FRQ-WCC (FREQUENCY-WHITE COLLAR COMPLEX) oscillator functions normally in Apsr-1 strains although with a three-hour
phase delay. PSR-1 is important for maintaining WC-1 (WHITE COLLAR-1) protein and phosphorylation levels and for the interaction
between VVD (VIVID) and WC-1. Increased WC-1 protein amounts can partially rescue the phase delay phenotype seen in the Apsr-1
mutant. Protein purification of PSR-1 shows it is part of a PSR-1/WHI-2 complex and that Awhi-2 has phenotypes similar to those
observed for Apsr-1. Together, our findings suggest that the PSR-1/WHI-2 complex participates in Neurospora clock function by
regulating WC-1 levels.

Interconnected network of circadian rhythms and DNA damage response. Judit Zamborszky, Toru Matsu-ura, Jaesang Kwon,
Mokryun Baek, Christian Hong. Molecular and Cellular Physiology, University of Cincinnati, Cincinnati, OH.

The maintenance of genome integrity is essential for organisms. Recent findings indicate bidirectional influence between DNA damage
response (DDR) and circadian rhythms. In both Neurospora crassa and Mus musculus, activated DNA damage response checkpoint kinase,
PRD-4 (CHK?2), phosphorylates a core clock components (i.e. FRQ in Neurospora and PER1 in mouse) and induces phase advances of
circadian rhythms. On the other hand, circadian rhythms modulate ATR-mediated DNA damage response. However, detailed
understanding of this network between circadian rhythms and DNA damage response remain elusive. In this report, we demonstrate
circadian gene expression of key DDR components, mus-21 (ATM) and prd-4 (CHK2) in Neurospora crassa. These oscillations are
abolished in circadian arrhythmic mutant, frq°. More importantly, rhythmic expression of mus-21 and prd-4 result in distinct circadian
time-dependent DNA damage responses, which transiently disrupts conidiation-banding patterns upon DNA damage. Our findings unravel
optimized circadian clock-dependent operations of DNA damage response mechanisms via mus-21 and prd-4.

A natural light-inducible transcription system to characterize transcription dynamics. Francois Cesbron, Michael Oehler, Nati Ha,
Gencer Sancar, Michael Brunner. University of Heidelberg Biochemistry Center Im Neuenheimer Feld 328 D-69120 Heidelberg Germany.
Genes are often transcribed in random bursts followed by inactive periods during which promoters are refractory towards restimulation.

We employed the light-activatable White Collar Complex of Neurospora to study transcriptional bursting in a population approach.
Activation of the WCC by a light pulse triggers a synchronized wave of transcription from the frequency promoter followed by an extended
period of ~1 h during which the promoter is refractory towards restimulation. When challenged by a second light pulse, the newly activated
WCC binds to refractory promoters and has the potential to recruit RNA polymerase Il. However, accumulation of Pol 1l and
phosphorylation of its C-terminal domain repeats at serine 5 is impaired. The data suggests that refractory promoters carry a physical
memory of their previous history. Genome-wide analysis of light-induced transcription suggests that refractoriness is rather widespread and
a property of promoter architecture.
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Thursday, March 19 3:00 PM-6:00 PM
Scripps

Education and Outreach
Co-chairs: Marilee Ramesh and Lynne Boddy

Integrating strategic partnerships, education, and outreach to foster a research culture at a predominantly undergraduate
institution. J.E. Flaherty!, B.H. Bluhm?, A.M. Fakhoury?, J-R. Xu*. 1) Science and Mathematics, Coker College, Hartsville, SC; 2) Plant
Pathology, University of Arkansas, Fayetteville, AR; 3) Plant Soil and Agricultural Systems, Southern Illinois University, Carbondale, IL;
4) Botany and Plant Pathology, Purdue University, West Lafayette, IN.

According to the Gallup-Purdue Index Report (2014), two notable factors that were found to contribute to a college graduate’s long-term
success relate to positive engagement with an encouraging mentor and working on a project that took a semester or more to
complete. Undergraduate research provides a clear path for a student to have experienced these and other elements of experiential and
deep learning. This presentation will focus on how our vision to transform conventional thinking about the roles undergraduates play in the
process of discovery led to the establishment of a highly collaborative research program in fungal genetics built on undergraduate
participation. Specifically, students at Coker College seek to discover and characterize genes involved in fungal development. Coker
College is a private, unaffiliated liberal-arts college with a student body of nearly 1,200 students. Coker students have conducted research
in collaborators’ labs at the University of Arkansas, Southern Illinois University, and Purdue University. Additionally, multiple fungal
genomics projects (re-sequencing mutant genomes and RNAseq experiments performed at the MUSC ProteoGenomics facility) have
served to provide valuable experiences for students, strengthen existing relationships, and further enhance the research capacity at Coker
College. This presentation will also describe outreach programs (e.g., “diSCovering Science”), summer workshops, and classes developed,
to serve K-12 students and teachers in the broader community.

A novel role for an SR/RRM family mRNA shuttling binding protein in cell cycle regulation in Aspergillus nidulans. S. L. Anglin®,
S. James?. 1) Dept. Biology, Millsaps College, Jackson, MS; 2) Dept. Biology, Gettysburg College, Gettysburg, PA.

SR/RRM proteins are a class of small nuclear ribonucleoproteins known to have functions in spliceosome assembly and catalysis as well
as in mRNA transcription and export. Heretofore, this family of proteins has not been implicated in the regulation of cell division. We
recently reported that the Aspergillus nidulans snxA gene encodes an ortholog of budding yeast Hrb1/Gbp2 and of human hnRNP-M,
members of the SR/RRM protein family. hnRNP-M is a ubiquitous and highly expressed nuclear protein in human tissues, and is known to
control alternative splicing of developmentally regulated genes. SNXA localizes to the nucleus but is excluded from the nucleolus in A.
nidulans, paralleling the localization of hnRNP-M. The snxAl mutation was originally identified as an extragenic suppressor of mutations
in the G2/M regulatory gene nimX®2, and we have shown that it suppresses mutations in multiple components of the CDC2/CYCLINB
regulatory pathway, including nimT23%% and nimE6%“™ put not nimA5 or nimA1. We further found that both snxA1 and a second allele,
snxA2, are hypomorphic and that both mutations result in significantly decreased snxA transcription and SNXA protein
levels. Additionally, mutation or deletion of snxA alters NIMECYCHNB [gcalization patterns. Our data suggest that SNXA may normally
function to restrain the G2/M transition by affecting the CDC2/CY CLINB regulatory pathway, suggesting a novel function for the
SR/RRM family that links RNA metabolism and transport to regulated cell division.

Teaching in a digital world: Developing an online course in Genetics. Indrani Bose. Biology, Western Carolina University, Cullowhee,
NC.

Online courses have the advantage of being able to reach a wide audience. In addition, both traditional and non-traditional students are
increasingly demanding courses where they can master the material at their own pace. However, research has shown that designing an
engaging online course is often the roadblock to retention and good student learning outcomes. This talk will present some of the strategies
being used to develop a Genetics course for non-majors. This will include ways to engage students, to assess them in a digital
environment, and to determine whether quality controls are being followed. These strategies are being used by teachers in the University
of North Carolina system to design online courses in Humanities as well as in the Sciences.

Educating beyond undergrads and graduate students: mycology meets social media. Lynne Boddy®, Cat Adams?. 1) Sch Biosci,
Cardiff Univ, Cardiff, United Kingdom; 2) University of California, Berkeley, USA.

As researchers it is now essential, and for some even compulsory, to communicate our research and knowledge of our subject to a wide
audience. Though we may be effective communicators with other biologists and students, communicating our message to the general public
requires different approaches, for which our abilities often fall short. Historically, scientists have engaged with the public through writing
popular books, participating in radio and TV programs, speaking to groups like natural history clubs or classrooms, and creating semi-
permanent exhibitions such as those in museums or botanical gardens. More recently, the advent of social media has produced novel ways
to communicate to an extremely broad audience with very little time or effort. We will introduce some of these social media platforms,
focusing on Twitter, blogs, and freelancing for popular science news sources. We will explain what each of these social media platforms is
best used for, who is using them, why you should use them, the basics of how to use them, and give concrete tips for excelling at each of
the platforms. Finally, we will show how social media can be used for crowd sourcing, including fundraising for research. Still not
convinced? Data show that scientists who use social media on a regular basis get more grants.
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Investing in the Fungal Genetics Stock Center: Kansas State Plant Pathology offers new home for collection. Kevin McCluskey,
John Leslie. Fungal Genetics Stock Center, Department of Plant Pathology, Kansas State University, Manhattan, KS.

In response to changes in federal support for living collections, the Fungal Genetics Stock Center relocated in November 2014 to the
department of Plant Pathology at Kansas State University. The relocation included over thirteen thousand pounds of equipment and
materials and was accomplished in one day. Despite this significant disruption, the collection continued to provide high quality resources
with very few delays.

With over 25,000 accessioned fungal strains including over 13,000 gene deletion and molecularly modified (GMO) strains, the FGSC is the
largest collection of genetically characterized and manipulated fungal strains in the world. In addition to these accessioned strains, the
FGSC holds 775 plasmids and nearly 5,000 deletion mutants for Cryptococcus or Candida contributing to its global leadership in curating
and distributing materials to researchers around the world. Existing collections at Kansas State complement the FGSC holdings and
emphasize the synergy of bringing the FGSC to KSU.

Keeping Teaching Fresh: Resources for new ideas and approaches in the classroom. Marilee Ramesh. Department of Biology,
Roanoke College, Salem, VA.

Good teaching is a constant work-in-progress. Effective instructors strive to update content, incorporate new methods of delivery, and
respond to a changing student audience. As instructors, we try to keep our teaching fresh by trying new approaches in the classroom based
on new pedagogy or ideas from colleagues. It can be a challenge to keep current with the best teaching practices for our field. Our
colleagues can be a valuable source for new ideas and advice for what has worked and not worked for them. An overview of some of the
resources members of our community have found useful to support instruction will be presented with attention to the topics of fungi and
genetics, as well as scientific inquiry.

Friday, March 20 3:00 PM-6:00 PM
Merrill Hall

Mating Systems and Sexual Development
Co-chairs: Paul Dyer and Alex Idurm

Constraints on sex by a single mating-type: a case study from lichenized fungi. loana Onut Brannstrém®, Sandra L. Ament', Toby
Spribille?, Douglas G. Scofield*, Hanna Johannesson®. 1) Uppsala University, Uppsala, Sweden; 2) University of Graz, Graz, Austria.

An organism's reproductive behavior is expected to have a major impact on its ability to adapt and colonize new areas. Although the
theoretical predictions on the topic are clear, empirical data are needed in order to link reproductive mode with ecology of different taxa. In
this study we focus on the reproductive characteristics of lichenized fungi: symbiotic lineages that associate with algae and/or
cyanobacteria to form an intimate biological union. Our study focuses on the family Icmadophilaceae. In this family, multiple transitions
from sexuality to asexuality have taken place — as judged by the species phylogeny and presence or absence of fruiting structures. These
transitions appear to be accompanied by a shift in morphology from crustose thalli to upraised white-colored thalli, possibly releasing them
from substrate constraints. We sequenced the genomes and transcriptomes of three lichenized fungi and one lichen within Icmadophilaceae
and used the architecture of their mating-type idiomorphs to gain insight into their mating systems. Both putative asexual species included
in the study (Thamnolia vermicularis and Siphula ceratites) harbor mating-type idiomorphs consistent with a heterothallic mating system.
T. vermicularis is a cosmopolitan species encountered in alpine or arctic environments where it often forms extensive colonies. When
screening a sample of 218 individuals of T. vermicularis covering the whole Northern hemisphere and parts of Southern hemisphere, we
find only one of the mating types (Mat 1-2), suggesting that sexual reproduction is constrained by the existence of a single mating type in
this species. We hypothesize that this pattern is the result of the spreading of a well-adapted clone from a heterothallic and sexual ancestor,
possibly preceded by a demographic bottleneck.

Mating-type genes in cereal rust fungi. Guus Bakkeren®, John Fellers?, Rob Linning*, Les Szabo®, Scot Hulbert*, Xianming Chen®®,
Brent McCallum®, Xiben Wang®, Richard Hamelin’, Barry Saville®, Christina Cuomo®. 1) Pacific Agri-Food Res Ctr, Agriculture & Agri-
Food Canada, Summerland, BC, Canada; 2) USDA-ARS, Kansas State U., Manhattan, KS, USA; 3) USDA-ARS, Cereal Disease
Laboratory, U. of Minnesota, St Paul, MN, USA; 4) Washington State U., Pullman, WA, USA,; 5) USDA-ARS, Wheat Genet., Qual.,
Physiol. & Dis. Res. Unit, Pullman, WA, USA; 6) Agriculture & Agri-Food Canada, Morden, MB, Canada; 7) Forestry Dept., U. of British
Columbia, BC & Natural Resources Canada - Québec, QC, Canada; 8) Trent U., Peterborough, ON, Canada; 9) Broad Institute of MIT and
Harvard, Cambridge, MA, USA.

Rust fungi have complex life cycles and many complete their sexual and asexual stages on different host plants. Because of their
biotrophic life style, ephemeral, enigmatic sexual stage, and recalcitrance to molecular manipulation, nearly no data exists on their mating
type systems: cereal rust fungi may display bipolar mating behavior. Using generated genome sequences of the wheat-infecting rusts
Puccinia graminis tritici (stem rust), P. striiformis tritici (stripe rust) and several P. triticina (Pt, leaf rust) isolates, we shed light on
structural features of their mating-type genes. Two divergently transcribed homeodomain (HD)-containing gene pairs are found in each
dikaryotic isolate, similar to the paradigm established for Ustilago species. Functional characterization of these Pt genes shows that their
expression can switch heterologous Ustilago cells to filamentous growth, indicative of productive mating interactions. Three related
pheromone receptor (Pra) genes are found in each dikaryotic cell, supporting the hypothesis that tri-allelic recognition systems may be
ancestral in basidiomycetes. In the fragmented genomes, no clear linkage between the HD and Pra genes is found; in 30 Canadian Pt field
isolate genomes, 6 HD allele pairs are distinguished, indicating multiple mating types exist and possibly a pseudo-bipolar system
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encompassing loose linkage as has been described for some Microbotryomycetes. Finally, RNAseq data comparing the sexual stages
represented by aecio- and pycniospores produced on the alternate host to wheat infection reveal stage-specific transcripts, including
effectors.

Chromosomal inversion-based mechanism of mating type switching in Hansenula polymorpha. Hiromi Maekawa, Yoshinobu Kaneko.
Graduate School of Engineering, Osaka University, Suita, Osaka, Japan.

The mating system of Saccharomycotina has evolved from the ancestral heterothallic system as seen in Yarrowia lipolytica to
homothallism as seen in Saccharomyces cerevisiae. The acquisition of silent cassettes was an important step towards homothallism.
However, some Saccharomycotina species that diverged from the common ancestor before the acquisition of silent cassettes are also
homothallic, including Hansenula polymorpha. We investigated the structure of the mating type locus (MAT) in H. polymorpha and found
two MAT loci, MAT1 and MAT2 that are ~18 kb apart on the same chromosome. The chromosomal location of MAT1 and MAT2 was found
to influence their transcriptional status, with only one locus maintained in an active state. A histone deacetylase homologous to S.
cerevisiae Sir2 had no role in this transcriptional repression, suggesting a silencing mechanism distinct from that in S. cerevisiae. A
chromosomal inversion of the MAT intervening region was induced under mating condition and resulted in the switching of the two MAT
loci and hence of mating type identity, which was required for homothallism. This chromosomal inversion-based mechanism represents a
novel form of mating type switching that requires two MAT loci, of which only one is expressed. Furthermore, we investigated the function
of the mating type genes. MAT1-encoded o1 and MAT2-encoded a2 specifies o and a cell identity respectively, and are required for
mating. MAT1-encoded a2 and MAT2-encoded al were essential for meiosis. 02 gene was expressed in haploid cells as well as diploid
cells. However, splicing of an intron that contains a stop codon occurred only in diploid cells, which may restrict a2 function to meiosis-
competent diploid cells.

Identification of novel genes regulating sexual development in Aspergillus species by functional analysis of transcripts differentially
regulated by mating-type loci. Nadhira Salih®, Adel Ashour!, Ryuta Wada?, Junichi Maruyama?, Katsuhiko Kitamoto?, Paul Dyer". 1)
School of Life Sciences , University of Nottingham, Nottingham NG7 2RD, United Kingdom; 2) Department of Biotechnology, The
University of Tokyo, Tokyo 113-8657, Japan.

Sexual morphogenesis in filamentous ascomycete fungi requires the co-ordinated activity of developmental pathways encompassing
mating, fruit body production, and meiosis and final generation of ascospores. It has been estimated that at least 400, and probably a much
higher number, of genes are needed for normal sexual development. However, a much lower number of genes have so far been identified,
indicating that many genes required for sexual morphogenesis remain to be characterised. It is of interest to gain information about such
genes as they can provide both fundamental insights into sexual development, and might also provide practical clues as to the genetic basis
of asexuality in fungi of applied importance as animal and plant pathogens, and as species used in the biotechnology industry. In the case of
Aspergillus species approximately 80 genes have so far been described with a proven role in sexual development. Using idiomorph
replacement and microarray-based approaches over 30 genes showing greater than 10-fold difference in expression between MAT1-1 and
MAT1-2 mating types of A. oryzae were identified, most of these being of unknown function. We speculated that many of these genes
might be required for sexual development. A systematic gene deletion study was therefore undertaken in which candidate genes were
deleted from the homothallic (self-fertile) model species A. nidulans, and any effect on normal sexual development determined. This led to
the discovery of at least 10 novel genes which were required for normal sexual development. Deletion of some genes resulted in total
sterility whereas for others a modulation in levels of fertility was evident, suggesting different classes of activity. Gene function was
confirmed by complementation by sexual crossing. A model is proposed as to how the newly identified genes relate to those previously
involved in sexual development of Aspergillus species.

Biological Functions of Fungal Unisexual Reproduction: Sex Before Sexes. Joseph Heitman. Dept of Molecular Genetics and
Microbiology (MGM), Duke University, Durham, NC. heitm001@duke.edu.

Sexual reproduction drives eukaryotic genetic exchange. Sex evolved early and was extant in the last eukaryotic common ancestor
(LECA). Fundamental principles of sex are conserved (ploidy change, meiosis, mate recognition), yet some facets are ancestral, others
derived. Many species have two mating-types or sexes. Others have more, including 3 in slime mold, 7 in Tetrahymena, and >1000 in some
fungi. Diverse MAT loci, sex chromosomes, and sex determinants suggests sexual specification itself may not be ancestral. We study a new
mode of sexual reproduction involving just one mating-type, unisexual reproduction, which occurs in pathogenic Cryptococcus species.
These human fungal pathogens are basidiomycetes descended from a tetrapolar mating-type ancestor with 1000s of mating-types, yet this
pathogenic clade has just two mating-types, a and alpha. Moreover the global population is largely just alpha mating-type. This posed a
conundrum of how they might complete a sexual cycle; it was long thought they might be largely asexual. Instead we discovered they have
an unusual unisexual cycle involving only one mating-type. Like opposite sex, unisex can admix parental diversity in progeny. However, in
other cases solo unisex selfs identical genomes with no genetic diversity to exchange. Why organisms do so challenges conventional
models. We find unisex can provide adaptive benefit. First, unisex generates genetic diversity de novo. Second, unisex promotes yeast-
hyphae transition, enabling nutrient foraging. Third, unisex reverses Muller’s Ratchet, avoiding deleterious mutation accumulation. Fourth,
unisex overcomes Hill-Robertson effects, separating beneficial from deleterious mutations and linking beneficial mutations. Other fungi
and parasites also reproduce unisexually. Unisex may have evolved to mitigate costs of sex and yield benefits of conventional sex. Studies
of fungal sex illustrate general principles relevant to model and pathogenic microbes and multicellular eukaryotes, and suggest the LECA
may have been unisexual. In this view, unisex may be both ancestral and recently rederived. If so, then there was an evolutionary epoch
featuring sex before sexes.

41



CONCURRENT SESSION ABSTRACTS

Control of sexual and asexual development in Aspergillus nidulans by two different modules: MAPK (SteC-SteD-MkkB-MpkB)
and heterotrimeric VapA-VipC-VapB methyltransferase complex. Oezguer Bayram. Department of Biology, Maynooth University,
Maynooth, Kildare, Ireland.

Fungal development and secondary metabolite production are regulated by environmental cues such as solar light, CO,/O, ratio, pH,
carbon source, nitrogen source and starvation. Environmental messages are transduced by signaling complexes from plasma membrane to
the nucleus where the regulatory downstream elements e.g. transcription factors are activated or inactivated in order to respond to the
coming signal. Filamentous fungus Aspergillus nidulans produce asexual spores (conidia) in the presence of light whereas it reproduces
sexually in the darkness generating fruiting bodies (cleistothecia). A. nidulans has evolved two different signaling pathways to control two
developmental programs. First pathway uses phosphorylation to transmit the signals. Mitogen Activated Protein Kinase (MAPK)
pheromone response module controls sexual development and secondary metabolism. The MAPK module, which consists of SteC-SteD-
MkkB-MpkKB, is tethered to plasma membrane and migrates from membrane to nucleus to deliver the MAPK protein MpkB into the
nucleus. MpkB phosphorylates the velvet family protein VeA that coordinates sexual fruit body formation and secondary metabolite
production. Second pathway uses methylation/demethylation reactions to control asexual sporulation and secondary metabolism.
Heterotrimeric VapA-VipC-VapB complex is also tethered to plasma membrane by zinc finger VapA protein that releases the
methyltransferase heterodimers VipC-VapB in response to environmental stimuli. VipC-VapB enters into the nucleus where they influence
histone modifications and chromatin state within the nucleus, which in turn controls asexual conidiation and sexual development. Both
complexes use the plasma membrane as an attachment point, and traverse the cytoplasmic barriers and reach the nucleus to control
different developmental programs and secondary metabolite production.

Genomics and transcriptomics to study connections between fruiting body development and secondary metabolism. Daniel
Schindler, Stefan Gesing, Florian Altegoer, Ines Teichert, Ulrich Kiick, Minou Nowrousian. Dept. of General & Molecular Botany, Ruhr
University Bochum, Bochum, Germany.

Filamentous ascomycetes develop four major types of fruiting bodies that share a common ancestor, and a set of common core genes
most likely controls this process. One way to identify such genes is to search for conserved genes and expression patterns. In a genome and
transcriptome mining approach, we are using microarray and RNA-seq data from the Sordariomycetes Sordaria macrospora and Fusarium
graminearum, and the Pezizomycete Pyronema confluens, as well as mutants from S. macrospora and from the Neurospora knockout
project to identify genes that might play conserved roles in fruiting body morphogenesis. Among the genes that we identified are genes
involved in the regulation of chromatin-associated processes, for example the histone chaperone gene asfl and the transcription factor gene
pro44, as well as secondary metabolite genes including several melanin biosynthesis genes and the polyketide synthase gene pks4. The
melanin genes are required for the black pigmentation of fruiting bodies and ascospores, whereas pks4 turned out to be essential for correct
fruiting body morphology. Deletion of pks4 leads to sterility in N. crassa as well as S. macrospora. The S. macrospora mutant is able to
form protoperithecia (young fruiting bodies), but no mature fruiting bodies or spores. Surprisingly, overexpression of pks4 in S.
macrospora results in enlarged, malformed fruiting bodies. Thus, correct expression levels of pks4 are essential for wild type-like
perithecia formation. The predicted PKS4 protein has a domain structure that is similar to homologs in other fungi, but conserved residues
of a methyl transferase domain present in other fungi are mutated in PKS4. Expression of several developmental genes is misregulated in
the S. macrospora pks4 mutant. However, the development-associated app gene is not downregulated in the mutant, in contrast to all other
previously studied mutants with a block at the protoperithecial stage. One might speculate that the yet unknown metabolite produced by
PKS4 plays a regulatory role in fruiting body development.

Complex formation of RNA silencing proteins in the perinuclear region of Neurospora crassa. Logan Decker*, Erin Boone!, Hua
Xiao', Benjamin Shanker*, Shannon Boone?, Shanika Kingston?, Seung Lee®, Thomas Hammond?, Patrick Shiu'. 1) Biological Sciences,
University of Missouri, Columbia, MO; 2) Department of Biology, Barry University, Miami Shores, FL; 3) School of Biological Sciences,
Illinois State University, Normal, IL.

The filamentous fungus Neurospora crassa is made up of interconnected cells where nuclei and other cellular components share a
common cytoplasm. This trait, while beneficial for distributing resources, may promote the spread of detrimental elements such as
transposons and viruses. Perhaps for this reason, Neurospora possesses several surveillance mechanisms that operate during different
phases of its lifecycle. One of these defense mechanisms is known as meiotic silencing by unpaired DNA (MSUD). In MSUD, genes not
paired during meiosis are targeted by a post-transcriptional gene silencing pathway. Here, our bimolecular fluorescence complementation
(BiFC) study suggests that common RNAI proteins (RNA-directed RNA polymerase, Dicer, and Argonaute) as well as others form a
meiotic silencing complex in the perinuclear region (the “surveillance checkpoint™), with intimate interactions among the majority of
them. We have also shown that SAD-2 (a putative scaffold protein) is likely the anchor for this assembly.
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Friday, March 20 3:00 PM-6:00 PM
Chapel

In vivo Imaging of Host-pathogen Interactions
Co-chairs: Matthias Brock and Barbara Valent

In vivo visualisation of fungal infections: An introduction to strain construction, imaging and challenges. Matthias Brock. Microbial
Biochemistry/Physiology, Friedrich Schiller University and Hans Knoell Inst, Jena, Germany.

In recent years several advances have been made to visualise the infection process from fungal pathogens under in vivo conditions. In
vivo imaging allows the investigation of time-resolved interactions of a pathogen with its host and provides temporal and spatial
information on disease progression or successful clearance. Fluorescence and bioluminescence imaging make up the major proportions of
currently used in vivo imaging techniques, but all systems have advantages and disadvantages that need to be analysed prior to selection of
a specific system. While fluorescence imaging is the method of choice in intravital microscopy or the investigation of in vivo host pathogen
interactions in transparent animals such as the zebrafish model, high background fluorescence significantly impacts its use in murine
infection models. Therefore, investigation of disease progression and therapy monitoring in murine models mainly relies on the use of
light-emitting luciferases. Although the spatial resolution from bioluminescence imaging is far below the resolution from fluorescence
imaging, it is an extremely sensitive method due to very low background signals. To introduce the power of bioluminescence imaging,
monitoring of invasive aspergillosis and disseminated candidiasis in temporal and spatial resolution will be shown. Additionally,
suggestions will be given that may be suitable to increase the sensitivity of bioluminescence imaging systems and its potential use in
studying disease caused by plant pathogenic fungi.

Bioluminescence imaging of Candida albicans infections. Christophe D'Enfert™?. 1) Institut Pasteur, Fungal Biology and Pathogenicity,
Mycology Department, Paris, France; 2) INRA, USC2019, Paris, France.

Bioluminescence imaging allows the visualization of the temporal and spatial progression of biological phenomena, in particular
infection, by non-invasive methods in vivo. This nature-borrowed technology has been successfully used to monitor bacterial infections. It
has now been extended to the tracking of fungal infections such as those caused by the two major opportunistic fungal pathogens Candida
albicans and Aspergillus fumigatus. Notably, the gLUC59 reporter gene was developed by fusing a synthetic, codon-optimized version of
the Gaussia princeps luciferase gene to the C. albicans PGA59 gene, which encodes a glycosylphosphatidylinositol-linked cell wall protein
(2). This allows cell surface exposure of the luciferase and its detection in intact cells. The gLUC59 reporter has now proven a convenient
tool to study several aspects of C. albicans infection and biofilm formation in animal models. This will be illustrated and the pros and cons
of the gLUCS59 reporter will be discussed.

(1) Enjalbert, B., Rachini, A., Vediyappan, G., Pietrella, D., Spaccapelo, R., Vecchiarelli, A., Brown, A. J., and d'Enfert, C. (2009) A
multifunctional, synthetic Gaussia princeps luciferase reporter for live imaging of Candida albicans infections, Infect Immun 77, 4847-
4858.

In vivo dynamics of Candida-immune interaction in the zebrafish. Robert Wheeler, Remi Gratacap, Joshua Jones, Sony Manandhar,
Allison Scherer, Brittany Seman, Zachary Newman. Molecular & Biomedical Sciences, University of Maine, Orono, ME.

Current models of systemic candidiasis are limited in their application to questions of early host-pathogen interaction. We recently
described a larval zebrafish model of candidiasis that provides a transparent and manipulable model for high-resolution non-invasive
visualization of the innate immune-fungal interaction. Using this model we showed that interaction of C. albicans with phagocytes in vivo
is different from that described in vitro, with macrophages able to control fungal growth only in vivo. We also demonstrated a novel role of
NADPH oxidase in control of filamentous C. albicans growth. More recent experiments implicate NADPH oxidases in early immune
recruitment to the C. albicans infection site, a previously unappreciated function of these important enzyme complexes.

We continue to utilize the larval zebrafish to approach other long-standing questions of fungal-host interaction. In one project we are
modeling the more common but less dangerous types of candidiasis using an epithelial infection model that mimics key aspects of in vitro
mammalian epithelial responses to C. albicans. Here, we have found differential immune responses depending on fungal burden by
monitoring fungal infection concurrently with epithelial activation, inflammatory gene expression, and phagocyte recruitment.

Towards 4D-imaging of arbuscule development in rice. Ronelle Roth!, Marco Chiapello?, Jeremy Skepper®, Uta Paszkowski?. 1) Plant
Sciences, University Cambridge, Cambridge, United Kingdom; 2) Plant Biology, University Lausanne, Lausanne, Switzerland; 3)
Cambridge Advanced Imaging Center (CAIC), Cambridge University, Cambridge, United Kingdom.

The oldest documentation of intracellular colonization of eukaryote cells by eukaryote invaders refers to 450 million years old fossil
records of early land plants containing intracellular fungal feeding structures, so called arbuscules, within their cells. Arbuscules are the
central structure of the mutually beneficial arbuscular mycorrhizal symbiosis that is occurring in most contemporary plants species.
Mutualism is manifested in the bi-directional exchange of nutrients across the peri-arbuscular membrane. A symbiotic interface is
established, composed of fungal and plant membranes and the intercalary matrix, that governs the inter-organismic molecular dialogue,
controlling the trade of nutrients.
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To investigate the membrane surfaces intimately involved in the fungus-induced reprogramming of the plant cell we apply in planta time-
lapse live-cell imaging using Multi-Photon Confocal Microscopy (MPCM). To date, time-lapse live-cell imaging using standard confocal
laser scanning microscopy in inner cortical root cell layers has been hampered by low resolution and photo-bleaching that impairs cell
viability. In contrast, MPCM permits deep-tissue imaging at high resolution with minimal tissue damage. The data sets generated will
provide a high resolution quantitative 4D reconstruction of membrane surfaces intimately involved in the intracellular plant-fungal
dialogue.

Zoom into Nano: Super-Resolution Microscopy in Visualizing the 3D Architecture of Cell Walls and related Protein Complexes.
Bjorn Sode?, Dennis Eggert®3, Annemarie Glockner!, Marcel Naumann!, Rudolph Reimer?, Christian Voigt®. 1) Phytopathology and
Biochemistry, Biocenter Klein Flottbek, Hamburg, Germany; 2) Heinrich Pette Institute, Leibniz Institute for Experimental Virology,
Hamburg, Germany; 3) Max Planck Institute for the Structure and Dynamics of Matter, Hamburg, Germany.

Polymeric cell walls have a fundamental function in the development und evolution of plants and fungi. They form the outside barrier to
the environment and maintain integrity of cells, tissues and whole organisms. The architecture of cell walls is determined by the three-
dimensional (3D) orientation of various polymers. New approaches in super-resolution fluorescence microscopy allow 3D, nanoscale
visualization of distinct cell wall polymers. This information is used to reconstruct the polymeric network of cell walls based on exact
experimental data. We present recent approaches in applying super-resolution microscopy on plant infection structures after fungal attack
and on the cell wall of the plant pathogenic fungus Fusarium graminearum that revealed a previously unknown interaction and network
formation of different types of glucan cell wall polymers; callose and cellulose in plants, chitin and callose in fungi. Combining these data
with live cell imaging of glucan synthase complexes and their movement in the plasma membrane at nanoscale resolution, new insights
into the regulation of cell wall biosynthesis is gained.

Subcellular reorganization during trichothecene mycotoxin induction in Fusarium graminearum. Marike Boenisch, Karen Broz,
H.Corby Kistler. USDA ARS Cereal Disease Laboratory and University of Minnesota, 1551 Lindig Street, St. Paul, MN 55108, USA.

The ascomycete fungus Fusarium graminearum causes disease on wheat and barley and contaminates grain with trichothecene
mycotoxins making it unfit for human consumption. Little is known about cellular and subcellular changes that occur during toxigenesis
that may facilitate trichothecene synthesis and export. Recently, we demonstrated that three enzymes catalyzing early and late steps in
trichothecene biosynthesis, hydroxymethylglutaryl CoA reductase (Hmr1p), trichodiene oxygenase (Tri4p), and calonectrin oxygenase
(Trilp), localize to spherical subcellular structures called “toxisomes” when grown in toxin inducing medium. The current study revealed
that toxisomes also can be observed in planta during infection of wheat husks. Inoculation of paleas and glumes with conidia of a
Tridp::RFP strain reveal toxisomes in infection cushions and runner hyphae. In vitro, toxisomes co-localize with the endoplasmic reticulum
(ER) as determined by using the fluorescent dye ER-Tracker Blue-White DPX. ER organization shifts from being highly reticulate under
toxin non-inducing conditions to being tubular and with pronounced perinuclear ER upon toxin induction. Both ER-Tracker and
Hmrlp::GFP fluorescence show similar reorganization during toxin induction. The spherical toxisomes surround nuclei as determined
using a Tri4p::RFP/ histone H4p::GFP tagged strain. Thus, toxisomes appear to be perinuclear ER remodeled under toxin inducing
conditions. For all three tagged enzymes examined, fluorescent patches co-localizing with ER-Tracker but not associated to nuclei are also
visible under toxin induction. As a consequence, trichothecenes may be produced at both perinuclear and peripheral ER. In contrast to the
biosynthetic enzymes, the export of trichothecenes is linked to endosomes. The trichothecene transporter Tril2p tagged with GFP localizes
to motile vesicles, vacuoles and the plasma membrane based on co-localization with the fluorescent dyes CMAC and FM4-64. The
biosynthesis and transport of trichothecenes in cellular compartments may play a role in sequestration of trichothecene molecules within
the cell and self-protection from the toxin.

Infection structure-specific expression of lipase-like effector supports appressorial functionality and fungal cell-to-cell colonization
of the rice blast fungus, Magnaporthe oryzae. E Oliveira-Garcia, B Valent. Plant Pathology, KSU, Manhattan, KS.

Rice blast caused by Magnaporthe oryzae, a hemibiotroph and facultative pathogen, is the most important disease of rice worldwide. At
the early stage of infection, the germ-tube differentiates to form an appressorium immediately adjacent to the conidium. The appressorium
serves for the direct penetration of the host. After host penetration, M. oryzae establishes a biotrophic interaction. It is assumed that
different strategies employed by the fungus to avoid triggering defense responses, including masking of invading hyphae or active
suppression of host defense mechanisms, are essential for a biotrophic parasitic lifestyle. During the infection process, M. oryzae secretes
various effectors, which are hypothesized to be involved in effective host infection. To date, little is known about the influence of lipases
during infection of plants by fungi. Here, we show that a lipase-like effector is up-regulated during plant penetration and biotrophic
development. Using fluorescent protein tagging, we found lipases localized to stage-specific compartments at the host-pathogen interface.
Importantly, we show that this lipase is focally secreted from the appressorial penetration pore into the O-ring before host invasion,
revealing new levels of functional complexity for this fungal organ. Furthermore, we demonstrate that lipase-like effector accumulates
massively in plant cell wall crossing points during cell-to-cell colonization by the fungus. This accumulation of the lipase-like effector at
crossing points was observed during invasion of four consecutive rice cells following initial successful colonization of the first cell by the
fungus. Based on these results we conclude that infection structure-specific expression of lipase-like effector supports appressorial
functionality and/ or fungal cell-to-cell colonization. Our results also suggest a potential role of lipases for manipulation host cell channels,
plasmodesmata, by the fungus.
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Ralstonia solanacearum lipopeptide induces chlamydospore formation followed by bacterial entry in close encounters with fungi.
Joe Spraker’, Laura Sanchez?, Pieter Dorrestien?, Nancy Keller®. 1) Plant Pathology, University of Wisconsin - Madison, WI; 2) Skaggs
School of Pharmacy and Pharmaceutical Sciences, University of California- San Diego, CA; 3) Bacteriology, Medical Microbiology and
Immunology, University of Wisconsin- Madison, WI.

The polymicrobial consortium within the rhizosphere communicates by chemical signaling that, ultimately, impacts survival in
symbioses. Here we characterize the endosymbiotic interaction of two economically important plant pathogens, Aspergillus flavus and
Ralstonia solanacearum. Using a variety of histological techniques we show that fungal chlamydospore-like structures form in response to
a diffusible compound produced by R. solanacearum. Imaging Mass-Spec (IMS) and targeted genetic deletion show this metabolite to be a
new lipopetide named ralsolamycin. Confocal scanning laser microscopy with a GFP R. solanacearum isolate show bacterial internal
colonization of chylamydospores, indicating a newly described endofungal lifestyle for this important plant pathogen.

Friday, March 20 3:00 PM-6:00 PM
Fred Farr Forum

RNA Metabolism and Transport
Co-chairs: Ane Sesma and Michael Bélker

MRNA transport meets membrane trafficking. Michael Feldbrugge. Institute for Microbiology, Heinrich-Heine University, Diisseldorf,
NRW, Germany.

Active transport and local translation of mMRNAS ensure the appropriate spatial organization of proteins within cells. Recent work has
shown that this process is intricately connected to membrane trafficking. Here, we present new findings obtained in the model organism
Ustilago maydis. In highly polarized cells of this fungus microtubule-dependent co-transport of MRNAs and endosomes is essential for
efficient polar growth. We discuss a novel concept of endosome-coupled translation that loads shuttling endosomes with septin cargo, a
process important for correct septin filamentation. Interestingly, evidence is accumulating that RNA and membrane trafficking are also
tightly interwoven in higher eukaryotes suggesting that this phenomenon is a common theme and not an exception restricted to fungi.

Comparative transcriptomics of the human pathogen Histoplasma reveals conserved and widespread re-programming of transcript
length. Sarah Gilmore, Mark Voorhies, Anita Sil. Department of Microbiology & Immunology, University of California, San Francisco,
San Francisco, CA.

Eukaryatic cells integrate many layers of gene regulation beyond the initial transcription of a gene to coordinate complex cellular
processes such as embryogenesis and cellular development; however mechanism of post-transcriptional gene regulation lag behind our
understanding of transcriptional regulatory events. The thermally dimorphic human fungal pathogen Histoplasma capsulatum (Hc) exhibits
readily reversible unicellular (budding yeast) and multicellular (hyphae) developmental states that are controlled by the environmental cue
of temperature. Thus Hc represents an ideal organism to probe fundamental questions regarding the basic mechanisms of gene regulation
that eukaryotic cells employ to cue multicellular development. In this work, we use the developmentally distinct cells types of Hc to
uncover mechanisms of post-transcriptional gene regulation during development. Employing recent advances in RNA sequencing, de novo
transcriptome reconstruction methodologies, and ribosome profiling (which measures translational efficiency genome-wide), we uncovered
a novel means of post-transcriptional gene regulation in the yeast and hyphal cell types of Hc. Remarkably, we find that ~2% percent of the
Hc genome exhibits differential 5° transcript ends (or leader sequences) between the two morphogenetic states. Comparative
transcriptomics analyses of RNA sequencing data across multiple Hc lineages indicates that the majority of differential leader transcript
architecture is conserved, suggesting that 5° transcript extensions are a non-random, biologically regulated process. Ribosome and mRNA
density measurements uncovered a class of these longer leader transcripts that exhibit tight transcriptional and translational regulation.
Further examination of this group of transcriptionally and translationally regulated genes reveals that some are involved in controlling Hc
morphology and that their strict regulation may be necessary for the organism to make appropriate developmental decisions.

Regulating the regulators: Cleavage Factor | proteins in Magnaporthe oryzae. Julio Rodriguez-Romero, Ane Sesma. Centre for Plant
Biotechnology and Genomics, Technical University of Madrid, Pozuelo de Alarcon, Madrid, Spain.

Cleavage factor | (CFI) proteins are core components of the polyadenylation machinery that can regulate several steps of mRNA life
cycle, including alternative polyadenylation, splicing, export and decay. Rbp35 is a novel protein component of the polyadenylation
machinery, and it is present exclusively in filamentous fungi®. In Magnaporthe oryzae, it regulates alternative polyadenylation of
transcripts associated with pathogenicity. Here, we describe the regulatory mechanisms that control the Rbp35/CfI25 complex and Hrp1,
another CFI protein. Using mutational, genetic and biochemical studies we demonstrate that cellular concentration of CFI mRNAs is a
limited indicator of their protein abundance. Our results suggest that several posttranscriptional mechanisms regulate Rbp35/CfI25 complex
and Hrp1 in the rice blast fungus, some of which are also conserved in other ascomycetes®. With respect to Rbp35, these include C-terminal
processing, RGG-dependent localisation and cleavage, and a C-terminal autoregulatory domain. Our proteomic analyses indicate that
Rbp35 also controls cellular levels of protein subsets but it is not required for general splicing or translation.Carbon depletion induces the
transcription of two polyadenylated transcripts of ~1,000 (UORF1) and ~750 (UORF2) nucleotides in length that derive from RBP35
5’UTR. The uORF1 is required for correct function of the TOR kinase pathway on minimal media. The role of two additional CFI proteins
in M. oryzae, Hrpl and CfI25, is further analysed to understand why filamentous fungi have maintained proteins with apparently redundant
functions. Our findings uncover broad and multilayer regulatory mechanisms controlling fungal polyadenylation factors, which have
profound implications in pre-mRNA maturation.
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Switching the fate of mRNA transcripts for mitochondrial biogenesis in Saccharomyces cerevisiae. Chien-Der Lee, Benjamin Tu.
UTSW, Dallas, TX.

PUF proteins are conserved post-transcriptional regulators that bind in a sequence-specific manner to the 3’UTRs of mMRNA transcripts.
Paradoxically, PUF proteins have been proposed to promote both degradation of their target mMRNAs as well as their translation. Herein, we
show how a yeast PUF protein Puf3p responds to glucose availability to switch the fate of its bound transcripts that encode proteins
required for mitochondrial biogenesis. Upon glucose depletion, Puf3p becomes phosphorylated, associates with polysomes, and promotes
translation of its target mMRNAs. As such, nutrient-responsive phosphorylation toggles the activity of Puf3p to promote either degradation or
translation of these mMRNASs according to the needs of the cell. Such activation of translation of pre-existing mRNAs might enable rapid
adjustment to environmental changes without the need for de novo transcription. Strikingly, a Puf3p mutant that prevents its
phosphorylation no longer promotes mRNA translation but also becomes trapped in intracellular foci in an mRNA-dependent manner. Our
findings suggest how the inability to properly resolve Puf3p-containing mRNA-protein granules via a phosphorylation-based mechanism
might be toxic to a cell.

Mechanism of Quelling: Small Interfering RNA Production from Repetitive DNA. Qiuying Yang, Yi Liu. Dept Physiology, Univ
Texas SW Med Ctr, Dallas, TX.

RNA interference is a conserved genome defense mechanism in eukaryotes that protects against deleterious effects of transposons and
viral invasion. Repetitive DNA loci are a major source for the production of eukaryotic small RNAs but how these small RNAs are
produced is not clear. Quelling in Neurospora is one of the first known RNAi-related phenomena and is triggered by the presence of
multiple copies of transgenes. We show that DNA tandem repeats and double-stranded breaks are necessary and, when both are present,
sufficient for triggering gene silencing and siRNA production. Introduction of a site-specific double-stranded break or DNA fragile site
results in homologous recombination of repetitive sequences, which is required for gene silencing. In addition to siRNA production, the
quelling pathway also maintains tandem repeats by regulating homologous recombination. Our study identified the mechanistic trigger for
siRNA production from repetitive DNA and established a role for siRNA in maintaining genome stability.

Investigating the link between mMRNA degradation and translation. Mark Caddick. Dept Biological Sci, Univ Liverpool, Liverpool,
United Kingdom.

Within eukaryotes there are various mechanisms that silence transcripts. Generally these mechanisms promote both translational
repression and rapid transcript degradation. For the majority of transcripts the key signal which triggers degradation and translational
repression is shortening of the poly(A) tail to a critical length of about fifteen A nucleotides. This promotes coordinated translational
repression and deadenylation dependent transcript degradation. Although translation promotes gradual deadenylation the rate of
deadenlyation represents a major regulatory target, varying significantly between transcripts and different growth conditions. There are a
number of examples where mRNA degradation is independent of deadenlyation including cell cycle regulated degradation of the histone
mRNAs and nonsense mediate decay (NMD). NMD is a major quality control mechanism which triggers degradation of transcripts that
contain a premature termination codon. In A. nidulans these three apparently distinct mechanisms, deadenylation dependent transcript
degradation, NMD and cell cycle regulated degradation of histone mRNA, all induce the addition of non-templated pyrimidine residues at
the mRNA 3’ end (MRNA tagging). The addition of a 3* pyrimidine tag has been observed in plants animals and fungi and is likely to act
by recruiting the Lsm-Pat1 complex to the transcript, which then initiates a cascade of events including translational repression,
dissociation of the termination complex, decapping and both 5’ and 3° mMRNA degradation. Intriguingly in all cases tagging appears to be
in part regulated by NMD components. Utilising molecular genetic techniques we are investigating different RNA degradation processes,
assessing the role of various degradation pathways and addressing the question as to why NMD components should be involved. Our
working hypothesis is that these NMD components provide a link with translational termination, linking mRNA degradation to translation.

Programmed stop codon readthrough leads to dually targeted protein isoforms. Alina C. Stiebler', Johannes Freitag™, Kay O.
Schink?, Thorsten Stehlik**, Julia Ast!, Britta A. M. Tillmann®, Michael Bolker*“. 1) Biology, Philipps University, Marburg, Germany; 2)
Faculty of Medicine, Centre for Cancer Biomedicine, University of Oslo, Montebello, Oslo, Norway; 3) LOEWE Excellence Cluster for
Integrative Fungal Research (IPF), Senckenberg Society, Frankfurt am Main, Germany; 4) LOEWE Center for Synthetic Microbiology
(SYNMIKRO), Marburg, Germany.

Translation of MRNA into protein is generally a very accurate process. However, programmed translational recoding is widely used in
viruses to expand the coding capacity of their genomes. We have recently shown that in a wide range of fungal species programmed
translational readthrough of stop codons is used to generate C-terminally extended isoforms of glycolytic enzymes. The extended isoforms
carry a C-terminal signal sequence (PTS1) that mediates targeting to peroxisomes.

We characterized the sequence requirements for efficient translational readthrough and identified a short conserved stop codon context
(UGA CUA). Genomic screening revealed that this motif occurs in a number of genes that encode important metabolic enzymes both in
fungi and animals. We could show that ribosomal readthrough of these genes also results in the formation of peroxisomal isoforms.
Overall, our data indicates that programmed stop codon readthrough is a common mechanism to reach a dual localization of enzymatic
activity both in the cytosol and in peroxisomes in particular of enzymes implicated in redox homeostasis.
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Light effects on the production and processing of RNA. Steven Woods, Yamini Arthanari, Christian Heintzen, Ray O'Keefe, Sam
Griffiths-Jones, Sue Crosthwaite. Faculty of Life Sciences, University of Manchester, Manchester, United Kingdom.

Light regulates the expression of a large number of genes in Neurospora. The light-signalling WHITE-COLLAR complex (WCC)
induces a hierarchical network of transcription factors that propagate early and late light-induced changes in gene expression. Alternative
splicing plays a key role in gene regulation and increasing protein diversity. Previous studies have demonstrated that alternative splicing of
Neurospora transcripts occurs in response to changes in temperature, metabolites and pH but the possibility of light-induced alternative
splicing has not yet been addressed. We have now investigated whether protein diversity is increased due to light-induced alternative
splicing. We used RNA-Seq to profile the transcriptome of Neurospora across different regimes of light and dark. We see a range of
transcriptional changes, including alternative splicing, intron retention, and alternative transcription start and end points.

Friday, March 20 3:00 PM-6:00 PM
Kiln

Stress Responses and Senescence
Co-chairs: Alfredo Herrera-Estrella and Heinz Osiewacz

Intervening into molecular quality control pathways: effect on fungal senescence. Heinz Osiewacz. Molecular Biosciences, J W
Goethe University, Frankfurt, Germany.

Podospora anserina is a filamentous ascomycete with a limited lifespan. Lifespan is controlled by genetic, environmental and stochastic
traits. Mitochondria play a key role in the processes leading to senescence and programmed cell death (PCD). During senescence,
mitochondria accumulate functional impairments and change their morphology and ultrastructure. In the past, various pathways have been
identified which are active in mitochondrial quality control. Strengthening these pathways by genetic interventions can improve
mitochondrial quality over time and result in a delay of the induction of PCD and an increased lifespan. Sometimes, however,
counterintuitive results are obtained indicating that more complex responses are induced by defined and specific interventions. Among the
different pathways studied so far, those involved in the generation of reactive oxygen species (ROS) (1), the degradation of damaged
proteins (2,3,4), the control of mitochondrial dynamics (5), autophagy (6) and the execution of PCD (7,8,9) have been found to be
affective. In the lecture, | will summarize recent findings about the age-dependent mitochondrial membrane remodeling and changes in
mitochondrial ultrastructure. In addition, work will be presented and discussed demonstrating the role of quality control in senescence and
lifespan control. References (1) Kunstmann B, Osiewacz HD (2008) Aging Cell 7:651; (2) Luce K, Osiewacz HD (2009 Nat Cell Biol
11:852; (3) Weil A et al. (2011) Cell Cycle 10:4280; (4) Fischer F et al. (2013) Nat Commun 4:1397; (5) Scheckhuber C et al. (2007) Nat
Cell Biol 9: 99; (6) Knuppertz L et al. (2014) Autophagy 10: 822; (7) Hamann A et al. (2007) Mol Microbiol 65: 948; (8) Brust D et al.
(2010) Aging Cell 9: 761; (9)Daum B et al. (2013) PNAS 110: 15301

Mitochondria-mediated stress tolerance and senescence in Botrytis. Rachl Tetroashvili, Liat Oren-Young, Amir Sharon. Molecular
Biology and Ecology of Plants, Tel Aviv University, Tel Aviv, Israel.

Mitochondria seems to play a major role in determination of cell fate in lower eukaryotic organisms, and specifically in fungi. Alterations
in mitochondria homeostasis and metabolic activities occur in response to intracellular cellular changes and affect a range of cellular
processes, including senescence and PCD. Studies in Saccharomyces cerevisiae showed that mutation that impair mitochondria
homeostasis resulted in enhanced stress sensitivity, senescence and PCD. The end result, namely early senescence and PCD or survival of
the cells, is mediated by anti-PCD machineries, but it is unclear how the two systems are coordinated. In S. cerevisiae and Botrytis cinerea,
the most significant anti-apoptotic proteins are Birlp and BcBirl, respectively.

To try and connect between the mitochondria-driven PCD-promoting signals and the anti-apoptotic machinery, we generated B. cinerea
mutants in the genes BcCYC and BcLON1, homologues of S. cerevisiae UME3, a non-essential cyclin that affects mitochondria fission and
LONZ1, a mitochondria-residing serine protease that degrades mitochondria proteins. Mutants were characterized and showed alterations in
responses to stress and enhanced senescence. Next we produced double mutants, which over express the BeBirl protein. If BeBirl
mediates the mitochondria-produced signal, we expect that the hyper sensitivity to stress and enhanced senescence of the single mutants
will be at least partially reversed. The results of this study will be presented and discussed.

Induced programmed cell death in Neurospora crassa. Arnaldo Videiral2. 1) ICBAS-Instituto de Ciéncias Biomédicas de Abel Salazar,
University of Porto; 2) IBMC-Instituto de Biologia Molecular e Celular, University of Porto.

Treatment of Neurospora crassa with drugs like phytosphingosine or staurosporine can induce programmed cell death (PCD), which
typically includes reduced viability, ROS production, glutathione efflux and DNA condensation and fragmentation. Transcriptional
profiling of drug-treated fungal cells revealed proteins associated with PCD development. This knowledge can be used to modulate the
PCD process in N. crassa, other fungi and human cells. Exposing cells to a combination of death inducers with drugs targeting specific
proteins involved in the death process leads to the enhancement of PCD, thus having anti-fungal and anti-tumor potential. A major effect of
phytosphingosine is a repression of genes encoding mitochondrial proteins. Staurosporine highly induces the expression of a gene encoding
a transporter of the ABC type, responsible for drug extrusion from the cells. Its absence renders cells hypersensitive to the drug. Another
gene up-regulated by staurosporine is a novel transcription factor that appears to regulate drug resistance and cell death in laboratory strains
and in wild isolates of N. crassa. Staurosporine also provokes alterations in intracellular calcium in a process mediated by the
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phospholipase C signaling pathway that includes calcium influx and its mobilization from and to internal stores and leads to a defined
cytosolic Ca®*-signature. In agreement, staurosporine sensitivity is altered in deletion mutants lacking proteins implicated in calcium
handling. Respiratory chain mutants (like strains lacking subunits of complex | or a Ca®*-dependent alternative NAD(P)H dehydrogenase)
are hypersensitive to staurosporine and display a deficient cytosolic Ca®*-signature. These results highlight the importance of the
involvement of mitochondria and bioenergetics in the PCD process.

Golgi-localized and the palmitoyl transferase-related AkrA homologs mediates [Ca®']; transient to response ER and azole stresses.
Yuanwei Zhang!, Qingging Zhen?, Jinxing Song*, Lina Gao®, Alberto Mufioz?, Nick D. Read?, Ling Lu'. 1) College of Life Science,
Nanjing Normal Univeristy, Nanjing, jiangsu, China; 2) Manchester Fungal Infection Group, Institute of Inflammation and Repair, CTF
Building, University of Manchester, Manchester M13 9NT, UK.

Finely tuned [Ca®']; changes mediate several intracellular functions, resulting in subsequent activation or inactivation of a series of
conserved Ca?* signaling components and their target proteins. Palmitoylation is a reversible post-translational modification involved in
membrane protein trafficking and functional modulation. However, studies on the relationship between calcium signaling and
palmitoylation have been limited. Here, we demonstrate that the homologs of yeast palmitoyl transferase ScAkrlp, AkrA in Aspergillus
nidulans and SidR in Aspergillus fumigatus, play important roles under low calcium conditions. Deletion of akrA or sidR shows remarkable
defects in hyphal growth and conidiation, but adding extracellular calcium can completely rescue the growth defects. Moreover, using the
calcium probe aequorin in live cells, we found that all of the palmitoyl transferase-related akrA mutants induced larger decreases in the
[Ca®"]; response to extracellular Ca®* compared to the previously identified high-affinity calcium influx system members (CchA and MidA)
and compared to the parent control strain. Moreover, ER stressors- or azole-induced calcium transient was completely blocked by AkrA
defects, especially in low calcium conditions where we did not detect a calcium transient. Interestingly, all of the above-described functions
AkrA are tightly related to cysteine residues in its DHHC-CRD and its palmitoyl transferase activity. Thus, Golgi-localized AkrA mediates
the [Ca?']; transient likely by globally palmitoylating calcium signaling components and their target proteins. Our findings provide insight
into a new link between calcium signaling and palmitoylation in the regulation of cell survival processes upon ER and membrane stress.

Proteome analysis of transiently oxidized proteins during the hyperoxidant state that triggers conidiation in Neurospora crassa.
Wilhelm Hansberg®, Teresa Nava-Ramirez', Bastian Johnk?, Oliver Valerius?, Gehard Braus®. 1) Instituto de Fisiologia Celular,
Universidad Nacional Auténoma de Mexico, UNAM, Mexico City, Mexico; 2) Institute for Microbiology and Genetics, Georg August
University of Gottingen, Gottingen, Germany.

The Neurospora crassa asexual cell cycle is stated by filtering an exponentially growing liquid culture and exposing the resulting
mycelial mat to the air. The increase in oxygen tension causes oxidative stress in the air-exposed hyphae. Total protein is oxidized during
the first 0-10 minutes air exposure followed by protein degradation and resynthesis. Oxidative stress results in hyphal adhesion during the
first 40 minutes of air exposure. Using a method to identify proteins with reversible oxidized cysteine residues, we have isolated the
cysteine-derivatized proteins at different times of the conidiation process (0, 2, 5, 10, 30 and 60 min air exposure) and identified them by
mass spectrometry. A positive control, derivatized proteins from a culture treated 10 min with 20 mM H,0,, and a negative control,
without derivatizing agent, were included. About 500 proteins were identified that increased in relative amount at 2 - 10 min air exposure.
A functional analysis of these proteins will be presented. Results revealed a rapid, transient and extensive response to oxidative stress.
Proteins detected are consistent with: growth arrest, unfolded protein response, protein degradation at the ER, vacuole and the proteasome,
important mitochondrial and carbon metabolism regulation.

Funding: UNAM-DGAPA (IN-209313); DFG-CONACYT (75306).

Stress signaling in Botrytis cinerea: The response regulator BcSkn7. Anne Viefhues, Ines Schlathoelter, Paul Tudzynski. IBBP,
University of Muenster, Muenster, Germany.

In the course of plant infection pathogens trigger an oxidative burst, which is part of the plants early defense reaction. The necrotrophic
plant pathogen Botrytis cinerea is known to contribute actively to the release of reactive oxygen species (ROS). ROS have an ambivalent
role as they are on the one hand toxic and responsible for damages of biological molecules and on the other hand they are important second
messengers. For the integration and transmission of these signals several stress responsive components are necessary to evoke the
appropriate response.

Two key players in the oxidative stress response are the transcription factor Bap1* and the response regulator BcSkn7. Phenotypic analysis
of beskn7 and baplbeskn7 deletion mutants showed alterations in differentiation, virulence and gene expression. Abcskn7 is reduced in
vegetative growth and affected in the formation of reproduction structures. The mutant is highly sensitive to oxidative stress, as well as
reacts to temperature and osmotic changes. Modifications in the composition of the cell wall could be detected, indicated by changed gene
expression, reduced protoplast formation and sensitivity to cell wall or membrane stressors. Furthermore, an enhanced secretion of ROS
could be noticed. Virulence of the mutants based on conidia is not affected, however mycelium derived infections are defective. This effect
is even more severe for AAbap1bcskn7 and is probably due to a reduced penetration ability of the infection cushions. Expression analyses
revealed a strong influence of Bapl and BcSkn7 on the regulation of oxidative stress responsive genes. In a Y1H approach a direct binding
to the promotors of gshl and grx1 by Bapl and of glrl by BcSkn7 could be verified. Next steps include the examination of a direct
interaction between Bapl and BcSkn7 as they seem to act in concert in gene regulation.
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“Temme N. and Tudzynski P. (2009) Does Botrytis cinerea Ignore H,0,-Induced Oxidative Stress During Infection? Characterization of
Botrytis Activator Protein 1. MPMI 22 (8): 987-998.

Mechanical stress initiates intercalary growth in Epichloé fungal symbionts of grasses. K. G. Sameera U. Ariyawansa®, Rosie E.
Bradshaw?, Neil A.R. Gow?®, Nick D. Read*, Richard D. Johnson®, Duane P. Harland®, Christine R. Voisey". 1) Plant Fungal Interactions,
AgResearch Grasslands, Palmerston North, Manawatu, New Zealand; 2) Institute of Fundamental Studies, Massey University, Palmerston
North, New Zealand; 3) School of Medical Sciences, University of Aberdeen, United Kingdom; 4) Manchester Fungal Infection Group,
University of Manchester, United Kingdom; 5) AgResearch, Lincoln Research Centre, Christchurch, New Zealand.

Colonization of aerial grass tissues by seed-transmitted Epichloé endo-symbionts initially occurs through ramification of hyphal tips
between cells of the host shoot apical meristem (SAM). Uniquely, when hyphae in the SAM start to invade developing leaves, growth
ceases at apices, and hyphae extend via intercalary growth (division and extension in non-apical compartments). We hypothesise that
intercalary growth is stimulated by mechanical stretch imposed on hyphae by their attachment to elongating host cells, and that this stress is
sensed by mechano-sensors located on hyphal membranes. Deletion of E. festucae mid1, a putative orthologue of the mid1 yeast mechano-
sensor, and a component of the Mid1/Cch1 calcium channel, reduced E. festucae radial growth rate in culture, caused aberrations in hyphal
cell walls, and greatly restricted intercalary growth in infected plants. A technique to mimic the hyphal stretching proposed to occur in
planta has been developed and tested on wild type E. festucae growing in culture. Intercalary compartments remained viable despite being
stretched to 20% of their original length, and stretching also initiated de novo mitosis and septation in intercalary compartments. Calcium
imaging experiments on E. festucae growing in culture have revealed that the Mid1 protein is responsible for calcium pulses at the hyphal
tip during growth, and that the calcium originates from the exterior of the hypha and not from calcium stores. Studies are underway to
characterise calcium signalling in intercalary compartments in wild type and the Amid1 deletion mutant when subjected to mechanical
stress.

Damage-associated molecular patterns and small RNAs in the response to injury of Trichoderma atroviride. E. Medina-Castellanos®,
J. Villalobos-Escobedo®, M. Heil?, C. Abreu®, A. Herrera-Estrella’. 1) National Laboratory of Genomics for Biodiversity, CINVESTAV-
IPN, Irapuato, Mexico; 2) Irapuato Unit, CINVESTAV-IPN, Irapuato, Mexico.

The response to damage is crucial for the survival of multicellular organisms, enabling their adaptation to hostile environments.
Trichoderma atroviride, responds to mechanical damage by activating regenerative processes and conidiation. During this response,
reactive oxygen species (ROS) are produced by a NADPH oxidase complex (Nox1/NoxR). To understand the molecular mechanisms
underlying this process, we evaluated molecules such as extracellular ATP (eATP) and Ca?* that could trigger wound-induced conidiation
and investigated the activation of mitogen-activated protein kinase (MAPK) pathways induced by eATP, Ca®" and ROS. Since eATP
triggers wound-induced conidiation, we propose that it representa a damage-associated molecular pattern (DAMP), which is released from
damaged hyphae. We have shown that eATP promotes Nox1-dependent production of ROS, activates a MAPK pathway and induces
conidiation. Mutants in the MAPK-encoding genes tmk1 and tmk3 are affected in wound-induced conidiation. Phosphorylation of both
Tmk1 and Tmk3 is triggered by eATP, whereas Ca®" signaling appears to participate downstream in an independent pathway. Our data
support the existence of a potential ATP-specific receptor to sense eATP. eATP and Ca®" activate different pathways that converge to
regulate conidiation genes. Thus, the early steps of the damage response in T. atroviride share conserved elements with those known from
plants and animals. Given the observed transcriptional response to injury and the existence of the highly conserved mechanism of
regulation of gene expression based on RNAI in Trichoderma, we decided to analyze the role of the components of the RNAi machinery
and small RNAs in this process. Analysis of gene replacement mutants in all components of the machinery revealed that Dcr2 and Rdr3
play a major role in injury induced conidiation. Comparative analyses of the small RNAs produced during injury in the wild type and
Adcr2 strains in response to injury revealed major differences, suggesting the involvement of microRNAs in this process.

Friday, March 20 3:00 PM-6:00 PM
Heather

Early Diverging Fungi
Co-chairs: Tim James and Naomi Fast

Ancient pectinases equipped ancestral fungi to digest plant cell walls. Mary Berbee?, Ying Chang®, Sishuo Wang?, Satoshi Sekimoto*?,
Joseph Spatafora®. 1) Dept Botany, Univ British Columbia, Vancouver, B.C., Canada; 2) Biological Resource Center, NITE (NBRC),
Chiba Japan; 3) Oregon State University, Corvallis OR USA.

Through a community sequencing project with the US Department of Energy Joint Genome Institute, we sequenced genomes from three
early diverging fungi including two zygomycetes, and Gonapodya prolifera, an aquatic species that grows on decaying plant material in
stagnant water. We hypothesized that if fungi evolved in association with green algae from the land plant lineage, then their genomes
would share fungus-specific genes for the breakdown of plant-specific polysaccharides such as the pectins that are known only from the
Streptophytes, i.e. the land plants and their algal allies. Our aims were (1) to analyze patterns of expansion of pectinases among fungi and
(2) to infer, based on patterns of pectinase gene expansion, the geological timing of association between plants and fungi. Analyzing the
distribution of pectinases, the Gonapodya genome has 27 genes representing 5 of the 7 classes of pectin-specific enzymes known from
fungi. Most of Gonapodya's pectinases share a common ancestry with pectinases from Ascomycota and Basidiomycota. Indicating
functional as well as sequence similarity, Gonapodya can use pectin as a carbohydrate source for growth in pure culture. Shared pectinases
of Ascomycota, Basidiomycota and Gonapodya provide evidence that even ancient fungi were extracting nutrients from the plants in the
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green lineage. This means that 750 million years, the estimated maximum age of origin of the pectin-containing streptophytes also
represents a maximum age for the divergence of Chytridiomycota from the lineage including Dikarya.

The Chytrid secretome —a comparative analysis of the secretome of an aerobic, anaerobic and pathogenic Chytrid species. L.
Lange?, B. Pilgaard®, A. Pedersen?, F. Gleason®, P. Busk®. 1) Aalborg University, Copenhagen Sv, Denmark; 2) Technical University of
Denmark, Kongens Lyngby, Denmark; 3) University of Sydney, NSW, Australia.

This study focuses on the fungal secretome and builds on recent developments in genome sequencing and resolution of the phylogeny of
the major fungal groupings. The secretome is biologically important as it reflects interaction; not just what the fungus is but how it grows
and competes. Chytridiomycota is considered the earliest diverging fungal lineage of free living fungal species as the physiology of the
earlier endoparasitic Cryptomycota has a life form where interaction is not well developed. Therefore Chytridiomycota are chosen to
elucidate the composition of the most basal fungal secretome. The focus of the present study is a genome sequencing of the aerobic
lignocellulose degrading chytrid, Rhizophlyctis rosea. The study includes mining of the genome for genes of secreted proteins; recombinant
expression and characterization of a selected key enzyme, the GH45 cellulase; a description of the enzyme activity profile of the R. rosea
secretome; and a characterization of the ecology and substrate association of the R. rosea isolate. The study further includes a comparison
of the secretome composition of three very different chytrids: R. rosea, the sequenced anaerobic rumen chytrid Orpinomyces sp
(Neocallimastigomycetes) and Batrachochytrium dendrobatidis, which causes chytridiomycosis in amphibians. Highly significant
differences are observed. The genomes compared are searched using a sequence analysis methodology (Peptide Pattern Recognition)
developed by us (group of first author), which allows for alignment-free gene discovery and robust prediction of enzyme function from
sequence. The current study includes analysis of how key substrate-degrading secretome enzymes (cellulases, hemicellulases, amylases,
proteases) fit in phylogenetic trees, in an attempt to shed light on how these enzymes of the chytrid secretome have developed in
perspective of similar developments in other fungal groups. The resulting phylogenetic trees are used as the basis for discussing the
possible roles of mechanisms such as horizontal transfer, gene duplication and loss and convergent evolution.

The genomic landscape of early fungal evolution: Genomic innovations in the earliest fungal ancestors. Laszlo G Nagy*, Robin A
Ohm?, Robert Riley®, Francis M Martin*, Igor V Grigoriev®, David S Hibbett®. 1) Synthetic and Systems Biology Unit, Institute of
Biochemistry, BRC, HAS, 6726 Szeged, Hungary; 2) University of Utrecht, Department of Microbiology, 3584CH Utrecht, The
Netherlands; 3) U.S. Department of Energy Joint Genome Institute, Walnut Creek, California 94598, USA; 4) INRA, UMR 1136, INRA-
Nancy Université, Interactions Arbres/Microorganismes, 54280 Champenoux, France; 5) Clark University, Biology Department,
Worcester, MA 01610, USA.

Fungi possess a plethora of genomic and phenotypic traits that make them unique and economically important among other life forms on
Earth. Whereas vast knowledge has accumulated about many of these in extant model systems, the early evolutionary events that
established generic fungal traits are hardly known. What are genomic events that lead to the emergence of a unique fungal lineage? What
distinguishes fungi from closely related unicellular forms and animals? To address these questions, we reconstructed gene duplication-loss
events in 59 fungal and outgroup species for which whole genome sequences have been published and inferred the ancestral genome
composition of the last common ancestor (LCA) of Fungi and that of Dikarya. We reconstructed 1935 and 2794 gene duplications on the
branches leading to the LCA of Fungi and the LCA of Dikarya, respectively. On the other hand, only 96 gene losses were inferred in the
fungal LCA and 1182 in the Dikarya. Genomic innovations in the fungal ancestor are, among others, enriched in protein families related to
intracellular transport and chitin metabolism, whereas those in the LCA of Dikarya are enriched in protein families showing
oxidoreductase, ion transporter and chitin synthase activities. Notably, several domains of unknown function (DUF) were found to have
emerged either in the LCA of Fungi and that of Dikarya, possibly marking as yet uncharacterized fungal-specific protein families. We
discuss the results in the context of fungal functional diversification.

Comparative analysis of transcription factors families across fungal tree of life. Asaf Salamov, Igor Grigoriev. DOE Joint Genome
Institute, Walnut Creek, CA.

Transcription factors (TFs) are proteins that regulate the transcription of genes, by binding to specific DNA sequences. We analysed the
distribution and evolution of 60 known TF families in more than 300 fungal genomes from Mycocosm portal (http:/jgi.doe.gov/fungi/).
We have shown that while TF families, unique to fungal kingdom , like Zinc finger Zn2Cys6 and fungal-specific TFs, make up the largest
fraction of TFs repertoire in most fungal genomes, especially greatly expanding in Pezizomycotina clade of Ascomycota, the universal
eukaryotic TFs, like HLH, Homeobox, bZIP, GATA and others, are more abundant in Zygomycota and other early-divergent clades. We
discuss the different evolutionary pathways of individual TF families.

Phylogenomics of the Zygomycete lineages: Exploring phylogeny and genome evolution. J E Stajich®, G Benny?, M Berbee®, N
Corradi®, 1 V Grigoriev®, A Gryganskyi®, T'Y James’, A Kuo®, K O'Donnell®, R W Roberson®, M Smith?, J Spatafora’®, T N Taylor!, R
Vilgalys*2, M White®®. 1) U California-Riverside, Riverside, CA; 2) U Florida, Gainesville, FL; 3) U British Columbia, Vancouver, BC
CANADA,; 4) U Ottawa, Ottawa, ON CANADA,; 5) DOE Joint Genome Institute, Walnut Creek, CA; 6) Lambert Spawn, Coatesville, PA;
7) U Michigan, Ann Arbor, MI; 8) USDA ARS NCAUR, Peoria, IL; 9) Arizona State U, Tempe, AZ; 10) Oregon State U, Corvallis, OR;
11) U Kansas, Lawrence, KS; 12) Duke U, Durham, NC; 13) Boise State U, Boise, ID.

The Zygomycete lineages mark the major transition from zoosporic life histories of the common ancestors of Fungi and the earliest
diverging chytrid lineages (Chytridiomycota and Blastocladiomycota). Genome comparisons from these lineages may reveal gene content
changes that reflect the transition to nonflagellated, filamentous, and multicellular Dikarya (i.e., Ascomycota and Basidiomycota). The
zygomyecete lineages have been classified at times as a single monophyletic group and also split into an unresolved paraphyly.
Phylogenomic analyses provide substantial support for two monophyletic clades one containing Entomophtheromycota,
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Kickxellomycotina, and Zoopagomycotina (EKZ) and the other comprising Mortierellomycotina, Mucoromycotina, and Glomeromycota
(MMG). Comparison of gene content among the species and their outgroups identified zygomycete-specific genes and confirmations of
gene losses and gains that correspond to the transition from a zoosporic ancestor to primarily filamentous or yeast growth forms. Genome
sequences from more than 35 zygomycetes were used to evaluate the phylogenetic position of these lineages, and compare gene content
and phylogenetic relationships among thousands of groups of orthologous genes with animal and zoosporic fungal outgroups and the
Dikarya fungi. The Zygomycete Genealogy of Life project is building a phylogenomic framework to address genomic and morphological
evolution, broad genome and transcriptome sampling of zygomycete lineages including host-associated species, incorporating fossil-based
dating, bioimaging, and improved descriptions of these fungi in the Encyclopedia of Life.

Genomic pathways key to intracellular mycoparasitism in the Rozellomycota C. Alisha Quandt®, Daniele Corsaro?, Rolf Michel?,
Nicolas Corradi*, Timothy James'. 1) Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, M1, USA; 2) CHLAREAS
Chlamydia Research Association, Nancy, France; 3) Laboratory of Medical Parasitology, Central Institute of the Federal Armed Forces
Medical Services, Koblenz, Germany; 4) Canadian Institute for Advanced Research, Department of Biology, University of Ottawa, ON,
Canada.

The relationship between Rozella allomycis, an intracellular mycoparasite of Allomyces, and Microsporidia, intracellular parasites of
animals, has been hypothesized for several years now. The nuclear and mitochondrial genomes of Rozella allomycis lack many of the basic
genes for primary metabolism but have not undergone genome compaction to the extent seen in the multiple Microsporidia genomes
sequenced. More recently, the discovery of diverse and seemingly ubiquitous cryptic fungi closely related to R. allomycis, has led to
proposal of a single clade of early diverging fungi, called by various names (e.g. Cryptomycota, Rozellomycota, Opisthosporidia). Here,
we present results from the genomes of Rozellomycota. We analyzed the transcriptional profile of R. allomycis growing endoparasitically
in dual culture with its host, Allomyces, with analysis of the most highly expressed genes, genes involved in parasitism, and comparison
with genes present in Microsporidia and other mycoparasitic fungi. We also analyzed the expression of nucleotide transporters in the R.
allomycis genome which are known to have been horizontally transferred from chlamydia into the common ancestor of Rozella and
Microsporidia. Because these genes are hypothesized to be involved in energy and nucleotide theft, we hypothesize they may have
facilitated the evolution of intranuclear parasitism observed in newly described Rozellomycota such as the amoeba parasite,
Paramicrosporidium.

Reduced fungal genomes of microsporidia: effects on key cellular processes. Cameron Grisdale, Thomas Whelan, Naomi Fast. Botany
Dept, University of British Columbia, Vancouver, BC, Canada.

Microsporidia are obligate intracellular parasitic fungi that have some of the smallest and most compact eukaryotic genomes known.
Effects of this extreme genome reduction are seen in all aspects of these parasites’ biology, including effects on the ubiquitous eukaryotic
processes of transcription and pre-mRNA splicing. The spliceosome is a large macromolecular machine that is conserved across eukaryotes
and possesses 5 small nuclear RNAs (snRNAs) and hundreds of associated proteins. The spliceosome mediates splicing through
interactions with short conserved sequences found in spliceosomal introns: the 5* and 3” splice sites and the branchpoint sequence. We
report that the spliceosome of microsporidia is greatly reduced, with only ~30 recognizable protein components in Encephalitozoon
cuniculi, a mammal-infecting microsporidian with a genome size of ~2.9Mbp. Indeed, E. cuniculi also appears to lack U1 snRNA, which
plays an important role early in splicing by recognizing the 5’ splice site. Although Ul-independent splicing has been observed
experimentally, it is not known to occur in nature. To assess whether the reduced nature of the spliceosome affects splicing efficiency, we
carried out high-throughput transcriptome sequencing to assess the intron status of polyadenlylated transcripts in the intracellular stages of
E. cuniculi. The E. cuniculi genome also has a reduced set of very short spliceosomal introns; the vast majority of the nearly 40 introns are
less than 25 nt long. Our transcriptomic analysis indicates very low levels of splicing compared to other fungal lineages—in line with a
reduced and, perhaps, inefficient spliceosome. However, 4 introns showed splicing levels above 75% and one intron merited further
consideration. At 76 nt., it is almost 3 times longer than most microsporidian introns, and it possesses unusual sequence elements that we
predict enhance pairing with the reduced microsporidian spliceosome. Furthermore, we have identified this unusual intron in multiple
ORFs in diverse microsporidian genomes, where its distribution could also have implications for our understanding of intron gain. Overall,
these results highlight the potential regulatory role for splicing in these reduced fungi.

Genome analyses reveal evidence for polyploidy and recent clonal expansion in the microsporidian honey-bee pathogen Nosema
ceranae. Adrian Pelin, Mohammed Selman, Nicolas Corradi. Department of Biology, University of Ottawa, Ottawa, Ontario, Canada.

Nosema ceranae is a microsporidian pathogen whose infections have been associated with recent global declines in the populations of
western honey bees (Apis mellifera). Despite the potential economic and ecological threat that N. ceranae may represent, many aspects of
its biology, including their mode of reproduction, propagation and ploidy, are poorly understood. Here, we set to acquire knowledge into
these biological aspects by re-sequencing the genome of 9 isolates of this species harvested from 9 geographically distant beehives, and by
investigating their level of polymorphism. Our analyses uncovered the presence of a large genetic diversity within all isolates, but very
little hive-specific polymorphism. The nature, location and distribution of genetic variation we identified suggest that each beehive is
infected by a population of N. ceranae cells that are least polyploid (4n or more) and predominantly clonal (i.e. sex is rare). Finally, several
phylogenetic analyses based SNP data extracted from these parasites and their hosts failed to support their current geographical structure,
suggesting that the isolates we analysed are unlikely to have reached their current geographical areas through natural means.
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Friday, March 20 3:00 PM-6:00 PM
Nautilus

Environmental Metagenomics
Co-chairs: Rytas Vilgalys and Cheryl Kuske

Comparative metatranscriptomics of soil fungal and bacterial communities in temperate forests and arid grasslands. Cedar N.
Hesse', Blaire Steven'?, LaVerne A. Gallegos-Graves®, Cheryl R. Kuske. 1) Bioscience Division, Los Alamos National Laboratory, Los
Alamos, NM; 2) The Connecticut Agricultural Experiment Station, New Haven, CT.

The direct measurement of expressed genes from natural microbial communities has only recently been made possible by advances in
sample preparation methods and next-generation sequencing. Environmental metatranscriptomes enable the exploration of actively
transcribed genes from taxonomically complex natural environments, such as soil or decaying plant matter. Here we present a comparative
analysis of three metatranscriptomic studies from three different temperate biomes: cyanobacterial biocrusts from Western U.S. arid
grasslands, decomposing leaf-litter from a northern hardwood forest, and multiple soil strata from a temperate pine forest. All samples
were prepared, sequenced, and analyzed in a similar fashion thereby facilitating accurate comparison. While these ecosystems are
drastically different from one another in many ways including their resident soil microbial community, geochemistry, and climate, we can
show common signatures of microbial gene expression across all sites. Conversely, the differences in metatranscriptomic profiles can
largely be explained by the underlying taxonomic differences among sites. Here we present an overview of our metatranscriptome
sequencing and analysis techniques and identify distinguishing features of each study site.

Metatranscriptomic analysis of ectomycorrhizal functioning in pine forest soils. Hui-Ling Liao®, Y Chen?, T.D. Bruns®, K.G. Peay*,
J.W. Taylor®, S. Branco®, J.M. Talbot®, R. Vilgalys®. 1) Biology Dept, Duke Univ, Durham, NC; 2) Medicine Dept, Duke Univ, Durham,
NC; 3) Plant and Microbial Biology Dept. UC Berkeley, Berkeley, CA; 4) Biology Dept, Stanford Univ, Stanford, CA; 5) Biology Dept,
Boston Univ, Boston, MA.

Metagenomic approaches that assess coordinated genetic activities within complex soil microbial community show great promise for
identifying key functions of different microbes in natural soil including conversion of carbon and the regulation of plant access to nitrogen
and phosphorus. These studies are providing new insight into fungal functioning within natural forest soil ecosystems. Here we report a
method for metatranscriptomic analysis of interactions between ectomycorrhizal fungi (EMF) and their pine hosts from native and
experimental forest soil systems. Our protocol relies on poly-A enrichment of plant and fungal transcripts from soil and mycorrhizal root
clusters. Using advanced computational workflows involving de-novo assembly, mapping and blastX, we were able to identify a variety of
expressed genes from soil, including 0.3% from fungal rRNA, 0.5% from 16S rRNA, ~3% from individual highly expressed gene groups
respectively (e.g. G-protein, protease, etc); 0.5 to 3% from individual nutrient degradation enzymes (e.g. glucosidase, amidase, urease,
phosphatase, sulfatase, laccase, chitinase, other hydrolases, etc), 0.05 to 2% from the individual gene groups that regulate microbial
development and communication (e.g. transport, cell signaling, iron carrier, etc). Using soil metatranscriptomics, the activities of many
dominant fungal taxa could be identified, with over 30% of reads assigned to specific functions of individual fungal taxa. These
approaches also allowed us to analyze nutrient cycling gene expression patterns for conserved and unique soil enzymes at a fine dimension
scale.

Turning the black box inside out: inferring the taxonomic and functional diversity of mycorrhizal fungi through the use of
amplicon, metagenomic, and metatranscriptomic sequencing. Joshua R Herr. Michigan State University, East Lansing, MI.

It has long been understood that fungi contribute to many key ecosystem processes. This is particularly important in soils where fungi are
the main drivers of plant organic matter decomposition and facilitate nutrient uptake for their host plants, thereby affecting plant growth
and fitness. Additionally, fungi contribute to carbon sequestration, shape seedling establishment, and evidence suggests that mycorrhizal
fungi may contribute to the distribution of carbohydrates from one plant to another, possibly regulating the survival of nurse
seedlings. Despite their important ecological roles, there is a paucity of information regarding taxonomic and functional diversity. This is
due largely to the fact that most fungi are unculturable, lack known sexual structures, and are known only by nucleotide
identification. Next-generation sequencing technologies have revolutionized the ability to use sequence data to address ecological and
physiological questions, and mycorrhizal fungi are not immune to these advances. By attempting to integrate amplicon, whole genome,
and metatranscriptome sequencing experiments in a single forest plot, a more complete picture of taxonomic and functional diversity can
be gained than by using any one type of data alone. Using publically available large datasets and by sifting through fungal nucleotide
sequences derived from soil metagenomes, | provide a framework for taxonomic and functional diversity of fungi associated with plant
roots and discuss the challenge of trying to integrate data from genomic and marker gene sequencing to make conclusions regarding
diversity.

Trancriptomics and spectroscopy provide novel insights into the mechanisms of litter decomposition by ectomycorrhizal fungi.
Anders Tunlid. Dept Biology, Lund University, Lund, Sweden.

Globally, soil organic matter (SOM) stores more carbon (C) than is present in the terrestrial biomass and the atmosphere combined. A
large portion of the SOM is present in temperate and boreal forests. Whether this pool will capture, store or release C is highly dependent
on the activity of microorganisms that decompose SOM. Traditionally, filamentous, saprotrophic fungi are thought to have a unique ability
to degrade SOM including lignocellulose and they are considered to be the main decomposer of forest SOM. By contrast, biotrophic fungi,
such as ectomycorrhizal (ECM) fungi are thought to have only limited capacity to decompose complex SOM. This view is supported by

52



CONCURRENT SESSION ABSTRACTS

genome sequencing showing that ECM have lost many of the genes that encode hydrolytic plant cell wall-degrading enzymes in their
saprotrophic species. Nevertheless, by using spectroscopic analyses and transcriptome profiling, we have demonstrated that the
ectomycorrhizal fungus Paxillus involutus have a significant capacity to decompose organic matter when acquiring nitrogen from plant
litter. The observed chemical changes were consistent with a hydroxyl-radical attack, involving Fenton chemistry similar to that of
saprophytic brown-rot fungi. Further experiments showed that the decomposition of plant litter and assimilation of nitrogen in P. involutus
are triggered by the addition of glucose, while the addition of ammonium, the most abundant inorganic N form in forest soils, had relatively
minor effects on the decomposing activity. Taken together, these experiments suggest that at least some ECM fungi can decompose SOM
using an oxidative mechanism present in brown-rot fungi. We propose that the primary function of the decomposing activity is not to
assimilate the released C, rather to mobilize the organic N that is embedded in recalcitrant SOM complexes. The released C may either be
further degraded by saprotrophic microorganisms or sequestered in stable SOM-mineral aggregates. The prospects of using spectroscopic
methods and transcriptomic data to identify specific transcripts or chemical signatures that can be used as biomarkers for probing the
decomposing activity of soil-living fungi will be discussed.

The interactomes of competeing fungi during wood decomposition succession. Daniel C Eastwood®, Suzy Moody?, Jennifer Hiscox?,
Melanie Savoury?, Ed Dudley', Hilary Rogers?, Carsten Muller?, Lynne Boddy?. 1) Swansea University, Swansea, United Kingdom; 2)
Cardiff University, Cardiff, United Kingdom.

Wood decomposition is a critical process in nutrient recycling within forests systems and has wider implications for the global carbon
cycle. Decay is driven predominanly by Agaricomycete fungi that have specialised to breakdown recalcitrant lignocellulose. Fungi must
balance decomposition and substrate utilisation with continuing growth and foraging, sporulation and competition. The outcomes of
competitive interactions are varied with some species exhibiting a more agressive growth than others. Interaction outcomes are also
influenced by physical parameters, such as temperature and water availability, and the potential impacts of climate change on these systems
is unknown. This ongoing study investigates the transcriptomic and proteomic responses of intermingling and competing decay fungi
growing through beech wood blocks during a time course and under different physical conditions.

Specific expression of candidate effectors of the rust fungus Melampsora larici-populina during infection of its two host plants, larch
and poplar. Sebastien Duplessis'?, Stephane Hacquard'?®, Antoine Persoons*?, Christine Delaruelle?, Jeremy Petrowski'?, Pascal
Frey2, Benjamin Petre™?* 1) INRA, UMR 1136 INRA/Université de Lorraine Interactions Arbres/Microorganismes, 54280 Champenoux,
France; 2) Université de Lorraine, UMR 1136 INRA/Université de Lorraine Interactions Arbres/Microorganismes, 54280 Champenoux,
France; 3) Present address, Max Planck Institute for plant breeding research, Kéln, Germany; 4) Present address, The Sainsbury
Laboratory, Norwich Research Park, Norwich, United Kingdom.

Melampsora larici-populina (Basidiomycete, Pucciniales) is one of the rust fungi responsible for the poplar leaf rust disease. It has a
complex macrocyclic and heteroecious life cycle, marked by the production of five different spore forms in two different host plants: larch
(sexual reproduction) and poplar (asexual clonal reproduction). The asexual stage leads to severe rust epidemics recorded in poplar
plantations. As for other rust fungi, the asexual stage has been well covered and characterized, whereas we have almost no knowledge of
other stages of the life cycle. Particularly, the capacity for the fungus to infect hosts with distinct taxonomical positions raises questions
about the molecular bases underlying the specificity of host-rust interactions. Following the genome sequencing of M. larici-populina
isolate 98AG31, the secretome annotation has revealed a large repertoire of nearly 1200 genes encoding small secreted proteins and
expression profiles of these candidate rust effectors have been defined by oligoarray-based transcriptomics during poplar infection. We
present here the transcriptome analysis by RNA-Seq (lllumina) of three fungal structures associated to the infection and reproduction stage
on larch: basidia, spermogonia and aecia. These were obtained following an original system for controlled infection in laboratory
conditions using the reference isolate 98AG31. Almost 300 millions reads were generated for each condition (three biological replicates)
and were used to show specific expression profiles in the larch host. Comparison with the profiles previously obtained in poplar reveals the
presence of specific sets of candidate effectors expressed either in each or in both host plants.

Epichloé fungal endophytes and the formation of synthetic symbioses in Hordeeae (=Triticeae) grasses. Richard Johnson®, Marty
Faville!, Milan Gagic!, Paul Maclean?, Wayne Simpson®, Linda Johnson!. 1) Forage Improvement, AgResearch Grasslands, Palmerston
North, New Zealand; 2) Knowledge & Analytics, AgResearch Ruakura, Hamilton, New Zealand.

Epichloé (formerly including the genera Epichloé and Neotyphodium) are grass-colonising fungi, belonging to the family Clavicipitacea,
that infect grasses within the subfamily Pooideae including some within the tribe Hordeeae. These fungi produce a number of secondary
metabolites in their host plants that can be of benefit in agricultural systems, as afforded by Epichloé endophytes in Poeae grasses such as
perennial ryegrass (Lolium perenne) and tall fescue (Festuca arundinacea). There have been no accounts of modern domesticated
Hordeeae hosting Epichloé endophytes, but there have been reports in Elymus, Hordeum and other wild grasses within the tribe. We have
screened over 1000 seed accessions worldwide of Elymus and Hordeum and have characterised over 100 genetically distinct Epichloé
strains from these wild populations. Inoculation of modern cereals such as wheat and rye indicates that a range of host-endophyte
compatibility outcomes are possible, ranging from incompatible (stunted plants) to fully compatible symbioses. Further to this we have
demonstrated that both endophyte strain and host genotype influence the compatibility outcome. To understand the molecular determinants
of incompatible versus compatible host-endophyte associations we have performed transcriptomics experiments (RNA-Seq) on a range of
endophyte-host combinations with different compatibility outcomes. A number of host defence related pathways have been identified
during incompatible associations and fungal differentially expressed genes are enriched for small secreted proteins (putative effectors).
Bioinformatics analysis of several different Epichloé genomes has shown that the number of these putative effectors differs significantly
between strains with some being unique to a particular strain. Knowledge of these host and endophyte factors will guide us in our aim to
create fully functional cereal-endophyte associations.
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Fungal-bacterial interactions are mediated by fungal lipid signaling and a common set of bacterial factors. O. Lastovetsky?, S.
Mondo?, T. Pawlowska®. 1) Graduate Field of Microbiology; 2) School of Integrative Plant Science, Cornell University, Ithaca, NY.

Fungal-bacterial symbioses are an emergent field of study, and currently little is known about how they are established and maintained.
In particular, the genetic basis for interaction between fungi and bacteria is poorly understood. We employ the association between the
fungus Rhizopus microsporus and the endosymbiotic bacterium Burkholderia sp. as a model to identify genes involved in fungal-bacterial
interaction and symbiosis. Within the R. microsporus species there are isolates that harbor endobacteria (host) and there are naturally
endobacteria-free isolates (non-host). We analyzed fungal and bacterial gene expression during compatible (host with endobacteria) and
incompatible (non-host with endobacteria) interactions. This analysis identified dramatic transcriptional changes in the host in response to
its bacterial endosymbiont (>750 genes), as compared to the non-host (48 genes). Notably, genes involved in receptor signaling, actin
rearrangement and lipid metabolism were overexpressed in the host. In both fungi, responses to bacteria converged on the production of
two lipid signaling molecules — diacylglycerol (DAG) and phosphatidic acid (PA). While DAG and PA are interconvertible in eukaryotic
cells, they control different pathways. Gene expression in the host fungus pointed to maintaining higher levels of PA over DAG, and the
opposite occurred in the non-host. We speculate that maintaining higher levels of one versus the other controls the establishment of
symbiosis. Analysis of bacterial transcriptomes showed that bacteria responded to both host and non-host fungi in very similar ways. This
allowed for the identification of a common set of mechanisms that bacteria use for interaction with fungi. These included Type 3 Secretion
System and its effectors, capsular polysaccharides and a 2-component regulatory system. Interestingly, these mechanisms are also known to
be important for the interaction between bacteria and other eukaryotic hosts such as plants and animals. We thus showed that bacteria
possess a common set of mechanisms for interaction with plants, animals and fungi.

Friday, March 20 3:00 PM-6:00 PM
Scripps

Fungal Biotechnology
Co-chairs: Kazuhiro Iwashita and Randy Berka

Fungal artificial chromosomes for mining of the fungal secondary metabolome. J. Bok?, J. Albright?, R. Ye*, D. Mead*, M. Wagner*,
A. Krerowicz*, A. Goering®, K. Clevenger®, T. Velk!, P. Thomas®, N. Kelleher®®, N. Keller!, C. Wu®*. 1) Department of Medical
Microbiology & Immunology, University of Wisconsin, Madison, Wisconsin, USA,; 2) Department of Chemistry, Northwestern University,
Evanston, Illinois, USA,; 3) Intact Genomics, Inc. St Louis, Missouri, USA; 4) Lucigen Corporation, Middleton, Wisconsin, USA, 5)
Department of Biochemistry, Molecular Biology, and Cell Biology, Northwestern University, Evanston, Illinois, USA.

With thousands of fungal genomes being sequenced, each genome containing up to 70 secondary metabolite (SM) clusters 30 - 80 kb in
size, breakthrough techniques are needed to characterize this SM wealth. Here we describe a novel system-level methodology for unbiased
cloning of intact SM clusters from a single fungal genome for one-step transformation and expression in a model host. All 56 intact SM
clusters from Aspergillus terreus were individually captured in self-replicating fungal artificial chromosomes (FACs) containing both E.
coli F replicon and an Aspergillus autonomously replicating sequence (AMA1). Candidate FACs were successfully shuttled between E. coli
and the heterologous expression host A. nidulans. As proof-of-concept, an A. nidulans FAC strain was characterized in a novel liquid
chromatography-high resolution mass spectrometry (LC-HRMS) and data analysis pipeline leading to the discovery of the A. terreus
astechrome machinery.

Development of a community consensus model for Aspergillus niger. Julian Brandl*, Mhairi Workman®, Mikko Arvas?, Vera Meyer®,
Mikael R. Andersen®. 1) Department of Systems Biology, Technical University of Denmark, Kgs. Lyngby, Denmark; 2) VTT Technical
Research Centre of Finland, Finland; 3) Department of Applied and Molecular Microbiology, Institute of Biotechnology, Technical
University of Berlin, Germany.

Fungal primary metabolism is an essential part of fungal physiology and affects all phenotypic traits of the organism as well as carrying
the biotechnological potential for the fungal host. While the study of individual pathways have gained essential knowledge and important
scientific breakthroughs, a genome-scale view of metabolism is required to gain a holistic understanding of the cell. Mathematical models
based on the stoichiometry of known enzymatic reactions have been developed in order to facilitate this approach and proven useful for
guiding metabolic engineering in well characterized model organisms like S. cerevisiae and E. coli. With the sustained interest in
Aspergillus niger as a potent host organism for citric acid and enzyme production, it is timely to improve on previous genome-scale
modeling efforts. Here we aim at updating the genome-scale model by a combination of experimental work and integration of published
information. This joint effort of international collaborators and our group will yield a community-consensus model of the Aspergillus niger
metabolism. In order to improve the gene assignments contained in the current version of the model, we will use comparative genomics to
identify shared isoenzymes and gene groups between closely related species in the section Nigri. To accurately examine and model the
catabolic potential of the fungus, we will apply Biolog plates for the screening of more than 270 carbon and nitrogen sources. This
knowledge will aid to identify missing pathways in the model and validate the presence of many pathways already included. Additionally
the biosynthesis of 2-300 secreted enzymes will be included in the new version of the model. In conclusion this project aims at generating
an experimentally validated community-consensus model of the A. niger metabolism being able to describe and predict beneficial
modifications to the metabolic network in order to improve protein production on a variety of different substrates.
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Inducing sexual reproduction in the industrial fungus Aspergillus oryzae: Can the domesticated fungus get sexy again? Jun-ichi
Maruyama, Katsuhiko Kitamoto. Department of Biotechnology, The University of Tokyo, Tokyo, Japan.

Aspergillus oryzae is an industrially important fungus used for the traditional fermentative manufacture of Japanese foods and
heterologous protein production. As sexual reproduction has not been observed in A. oryzae, it is quite difficult to breed strains with
industrially useful characteristics. We identified two mating types of A. oryzae (MAT1-1 and MAT1-2)Y, indicating that this fungus has the
potential for sexual reproduction in a heterothallic manner.

Cell fusion is the first process in sexual reproduction, and we have recently demonstrated that A. oryzae can enter cell fusion?®. The second
important step is the formation of sexual reproductive structures. A sclerotium, a survival mycelial structure, is capable of acting as
repositories for ascocarps forming sexual ascospores in other Aspergillus species. However, A. oryzae is thought to have been domesticated
from the ancestor Aspergillus flavus, and A. oryzae strains have lost the ability to form sclerotia or have a much lower ability.

We deleted the ecdR gene encoding for a transcription factor negatively regulating sclerotia formation®, which increased heterokaryotic
sclerotia of the two A. oryzae mating-type strains. However, this was not sufficient to induce the formation of sexual reproductive
structures. Then, sexual reproduction-related genes were overexpressed in the AecdR strain, and ascocarps, asci and ascospore-like
structures were formed in the sclerotia. Thus, these sexual reproductive structures were found for the first time in A. oryzae. If genetic
crossing is found in the ascospore-like structures, it will be possible to perform crossbreeding for industrially useful strains in A. oryzae.

1) Wada et al. (2012) Appl. Environ. Microbiol. 2) Tsukasaki et al. (2014) Biosci. Biotechnol. Biochem. 3) Wada et al. (2014) Appl.
Microbiol. Biotechnol. 4) Jin et al. (2011) Fungal Genet. Biol..

Codon optimization increases mMRNA levels of heterologous genes in Aspergillus fungi. Katsuya Gomi, Mizuki Tanaka. Grad Sch Agric
Sci, Tohoku Univ, Sendai, Japan.

Filamentous fungi, particularly Aspergillus species, have recently attracted attention as host organisms for recombinant protein
production. The secretory yields of heterologous proteins are generally low compared with those of homologous proteins or proteins from
closely related fungal species. Among a lot of strategies to produce substantial amounts of recombinant proteins, codon optimization is a
powerful tool for improving the production levels of heterologous proteins. Although there were several reports that codon optimization
causes an increase in the steady-state MRNA levels of heterologous genes in filamentous fungi, the mechanism that determines the low
mRNA levels when native heterologous genes are expressed was poorly understood. We recently showed that the transcripts of
heterologous genes are polyadenylated prematurely within the coding region and that the heterologous gene transcripts can be significantly
stabilized by codon optimization, which is possibly attributed to the prevention of premature polyadenylation in Aspergillus oryzae. Thus,
codon optimization results in an increase in the amount of MRNA transcripts, which can lead to improve the production level of
heterologous proteins in filamentous fungi including Aspergilli.

Fast forward genetics to understand fungal enzyme secretion. Scott Baker'?, Kevin McCluskey?, Blake Simmons®*, Jed Lynn*?, John
Gladden®*, Jon Magnuson®?, DOE Joint Genome Institute. 1) Pacific Northwest Natl Lab, Richland, WA; 2) DOE Joint Bioenergy
Institute, Emeryville, CA; 3) Fungal Genetics Stock Center, Kansas State University, Manhattan, KS; 4) Sandia National Laboratories,
Livermore, CA.

Filamentous fungi are economically important platforms for industrial cellulase production. These organisms possess the ability to secrete
an assortment of enzymes that deconstruct plant biomass and other complex nutrient substrates. High enzyme secretion fungal mutants
have been generated over the last several decades in various ascomycete species. We have analyzed the “resequenced” genomes of multiple
strains from three different species possessing mutant enzyme secretion phenotypes in order to generate a mechanistic understanding of the
biological pathways that mediate biomass deconstruction in fungi. Our analyses indicate that a small group of orthologous genes play key
roles in secretome regulation.

Enhancement of plant performance with synergistic endophytic plant symbionts. Gary Harman, Molly Cadle-Davidson, Walid Nosir.
R&D, Advanced Biological Marketing, Geneva, NY.

In the past decade, specific strains of unrelated root-colonizing microorganisms have been shown to be endophytic plant symbionts.
These organisms typically grow and proliferate in the outer layers of the root cortex. Strains of diverse endophytes have similar qualitative
effects on plants and induce system-wide changes in plant gene expression that alter plant physiology and result in numerous benefits.
Some of these beneficial effects are enhanced photosynthetic rates/efficiencies, improved resistance to biotic and abiotic stresses, improved
nitrogen and other nutrient use efficiencies, and improved seed/seedling performance. These changes occur across a wide range of plant
species including monocots and dicots and are very similar between different genera of microorganisms. Organisms that provide these
benefits include some Bacillus and Pseudomonads, various Rhizobia species, mycorrhizal fungi, and free-living fungi in the genera
Trichoderma and Piriformaspora. In many cases the effects result in improved root formation, growth and increased crop yields. When
effectively harnessed, the ability to establish this endophytic, symbiotic relationship holds remarkable potential for all horticultural and
agricultural production systems. ABM is investing in the discovery, characterization and leveraging of mechanisms underlying these
microbe-plant interactions and their downstream effects. Proteomic, genomic, and high throughput phenotyping methods are being applied
to the plant-beneficial microbe collections developed at Cornell and ABM over the last 40 years (~40,000 strains). The powerful genetics
behind these collections facilitate application of cutting-edge, modern techniques to materials that have been thoroughly characterized
previously via brute force methods necessary at the time the collections were made. These approaches have resulted in the definition of
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plant pathways and microbial metabolites key in the trigger and subsequent phenotypic expression of traits associated with beneficial
microbes.

High-level production of mono-component and enzyme mixtures in Myceliophthora thermophila. Cristina Llavata Peris, Jurian
Bronkhof, Jurgen Snelders, Hans Visser, Jaap Visser, Jean-Paul Meijnen. Dyadic Netherlands, Wageningen, Netherlands.

The thermophilic fungus Myceliophthora thermophila C1 was developed into an efficient and versatile platform for high-level production
of industrially relevant enzymes. By means of strain development strategies, such as random mutagenesis and targeted disruptions, we
obtained two strain lineages that are being developed and exploited as enzyme production hosts. One strain lineage (HC-strains) is able to
produce and secrete high amounts of enzyme mixtures that contain large amounts of (hemi-) cellulases. The other strain lineage (LC-
strains) is impaired in its cellulase producing capability, resulting in low background-protein production. For that reason the LC-strains
could be very suitable for the production of individual enzymes.

The LC strain has been further developed for high-level production of homologous enzymes. An open reading frame encoding an
endoglucanase was introduced at multiple copies by multiple rounds of transformation. After fermentation optimization, protein levels of
up to >25 g/L were reached of which ~ 80% was the overexpressed endoglucanase. These results indicate that the LC strain is capable of
producing mono-component enzymes at high levels in a relatively pure form.

By transforming the LC strain with selected C1 genes, a wide collection of strains was obtained, each of which produced mainly one
enzyme. This has ultimately led to an enzyme library of over 100 functional enzymes of which many have been purified and characterized
in detail.

In conclusion, M. thermophila C1 was developed into a high-level protein-production platform. The HC strain is successfully applied to
produce enzymes for the production of biofuels and biobased-chemicals. The LC strain is being used to produce single enzymes and
defined combinations of enzymes. The obtained C1-enzyme library is a rich source for academic and industrial research. The properties of
M. thermophila C1 make this fungus a highly suitable alternative for traditional fungal protein production hosts.

Enhanced Hydrolysis of Lignocellulosic Material. Taija Leinonen®, Kristiina Jarvinen', Susanna Makinen?, Kari Juntunen®, Alexandra
Komander?, Kim Langfelder?, Jari Vehmaanpera®, Terhi Puranen®. 1) Roal Oy, Rajamaki, Finland; 2) AB Enzymes GmbH, Darmstadt,
Germany.

Limited resources of fossil fuels have raised a need for using biomass as a renewable and clean source of energy. One promising,
alternative technology is the production of biofuels i.e. ethanol from (ligno)cellulosic materials. Enzymatic hydrolysis is considered as
potential method for converting cellulosic biomass into fermentable sugars, and efforts have been made to improve the efficiency of the
hydrolysis process. An effective enzyme mixture for cellulosic biomass hydrolysis contains at least cellobiohydrolases (CBH),
endoglucanases (EG), beta-glucosidases (BG) and xylanases (XYN). The hydrolysis performance could be increased by optimization of the
mixture components, or by improving the individual enzyme components in the mixture by protein engineering or enzyme discovery, or by
adding novel auxiliary enzymes with additional activities into the mixture. In this work, Acremonium thermophilum CBHI, EG_A, EG_B
and Melanocarpus albomyces FAE_B were cloned and produced in Trichoderma reesei. In the biomass hydrolysis experiments different
combinations of enzymes were tested on variety of (ligno)cellulosic substrates. Obtained data indicate that by replacing the existing
enzyme components of the mixture with the A. thermophilum CBHI, EG_A or EG_B and adding M. albomyces FAE_B as auxiliary
enzyme into the mixture, have enhancing effect on hydrolysis yield.

Saturday, March 21 2:00 PM-5:00 PM
Merrill Hall

Impact of Fungal Metabolism on Pathogenicity
Co-chairs: Alistair Brown and Gustavo Goldman

Fungi challenge global food security and plant ecosystem health. Sarah Gurr, Dan Bebber. Biosciences, Univ Exeter, Exeter, United
Kingdom.

Fungal diseases have been increasing in severity and scale since the mid 20" Century and now pose a serious challenge to global food
security and ecosystem health (Gurr et al., 2011, Fungal Biology Reviews 25 181). Indeed, we have demonstrated recently that the threat to
plants of fungal infection has now reached a level that outstrips that posed by bacterial and viral diseases combined (Fisher et al., 2012
Nature 484 185).

This presentation will highlight some of the more notable persistent fungal and oomycete plant diseases of our times. It will draw attention
to the emergence of new pathotypes affecting crop yields and to fungi and oomycetes decimating our natural and managed landscapes. |
shall review some of our recent work looking at the movement of fungi polewards in a warming world (Bebber, Ramatowski and Gurr,
2013 Nature Climate Change 11 985), at the global distributions of crop pests and pathogens (Bebber et al., 2014 New Phytologist DOI:
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10.1111/nph.1272) and of fungi (Bebber and Gurr 2014, Fungal Genetics and Biology DOI: .org/10.1016/j.fgh.2014.10.012) and at the
saturation rate of crops by such organisms (Bebber, Holmes, Gurr, 2014 Global Ecology & Biogeography DOI: 10.111 /geb12214).

I shall conclude with some thoughts on the emergence of fungi in natural and crop ecosystems, of future threats and challenges and disease
mitigation.

What is hemibiotrophy? Metabolic and mechanistic insights from gene function studies in the rice blast fungus Magnaporthe
oryzae. Richard A. Wilson. Department of Plant Pathology, University of Nebraska at Lincoln, Lincoln, NE.

The hemibiotroph Magnaporthe oryzae, cause of the most serious disease of cultivated rice, colonizes leaf cells as a symptomless
biotroph before entering its destructive necrotrophic phase. During biotrophy, M. oryzae is surrounded by a plant-derived extra-invasive
hyphal membrane (EIHM) and remains undetected in the host while acquiring nutrients and growing cell-to-cell. What metabolic strategies
facilitate in planta development and rapid host colonization are not well understood. To address this knowledge gap, our work has coupled
live-cell imaging with gene function analysis to show that during early infection, M. oryzae readily metabolizes glucose through the
pentose phosphate pathway and glycolysis in order to i) provide NADPH to fuel antioxidation and ii) generate sufficient ATP to signal
biotrophic growth via cell cycle regulation. In contrast, at least some plant sources of nitrogen - such as purines and methionine - are not
accessible to M. oryzae during biotrophy despite being present in the rice cell at concentrations that support fungal growth. Thus, during
early rice infection, M. oryzae is adapted to thrive in glucose-rich, nitrogen-poor environments. We have hypothesized that this is the result
of a trade-off between the nutrient demands of the fungus on the one hand, and the need to maintain the nitrogen-impermeable EIHM for
plant defense suppression on the other. We sought to shed light on this conjecture by focusing on the relationship between hemibiotrophy
and nitrogen metabolism. Here, we show how the ability to scavenge and assimilate ammonium under nitrogen-limiting conditions is
essential for biotrophic growth but later, as symptoms develop, nitrogen metabolism switches to amino acid acquisition under perceived
nitrogen-rich conditions. This suggests a fundamental shift in available nitrogen quantity and quality as biotrophy progresses into
necrotrophy, and the resulting regulatory responses by M. oryzae are discussed. Together, our work provides a window on the dynamic
metabolic landscape of blast disease (from the perspective of the fungus) and enriches our understanding of the molecular mechanisms
governing M. oryzae growth in rice cells.

The cellulase specific transcriptome of Trichoderma reesei as influenced by light, photoreceptors and CRE1. Eva Stappler’,
Christoph Dattenbdck®, Doris Tisch?, André Schuster?, Monika Schmoll®. 1) Health & Environment, Bioresources, AIT - Austrian Institute
of Technology, Tulln, Austria; 2) Institute of Chemical Engineering, TU Wien, Vienna, Austria.

Trichoderma reesei is adapted to degradation of plant cell walls and produces an efficient enzyme cocktail for this task. We investigated
two regulation levels of the transcriptome of T. reesei: light and carbon source dependent control. We evaluated regulation by light,
induction specific regulation and relevance of photoreceptors, a potential relevance of surface sensing in cellulase regulation and genes
associated with repression of cellulase gene expression. We show that the carbon source (cellulose, lactose, sophorose, glucose, glycerol) is
the major source of variation, with light having a modulating effect. 206 genes are significantly regulated in response to light across all
carbon sources. 907 genes were specifically regulated under inducing conditions in light and 947 genes in darkness with 530 genes
overlapping (1324 in total). In this gene set, significant enrichment was detected for functions in C-compound and carbohydrate
metabolism, amino acid metabolism, energy and respiration. Evaluation of genomic distribution of genes regulated by light on cellulose,
showed considerable overlap with previously described CAZyme clusters. Of the 1324 genes regulated specifically under inducing
conditions in light, darkness or both, only 218 genes were found to be induction specific independent of light and not regulated by the
photoreceptors. 282 of those 1324 genes were found to be regulated by CRE1 under inducing conditions. Comparison of gene expression
upon growth on soluble (lactose, sophorose) and insoluble (cellulose) inducing carbon sources suggests the operation of a sensing
mechanism for solid substrates, putatively involving G-protein coupled receptors, which regulates auxiliary proteins such as CIP1, CIP2
and swollenin as well as a hydrophobin gene. In order to evaluate the relevance of nutrient sensing for cellulase gene expression, we
selected 9 GPCRs for functional analysis and 5 of them were found to be relevant for cellulase expression.

A synthetic biology approach for unveiling the ecologically-relevant secondary metabolites in phytopathogens. Yit-Heng Chooi,
Peter Solomon. Research School of Biology, Australian National University, Acton, ACT, Australia.

Secondary metabolites (SMs) are known to play important roles in the virulence and adaptation of fungal phytopathogens. The genome of
the major wheat pathogen, Parastagonospora nodorum, harbors 38 SM gene clusters. An ecological genomics approach was used to
narrow down candidate SM gene clusters of potential pathogenic or ecological importance. A combination of reverse genetics and synthetic
biology approaches were used to tease out the molecules encoded by these candidate clusters. Among them is a P. nodorum polyketide
synthase (PKS) gene (SN477) that was highly expressed during wheat leaf infection. Heterologous expression in yeast demonstrated that
SN477 encodes the production of (R)-mellein. Whilst mutants of P. nodorum unable to synthesize (R)-mellein remained pathogenic,
exposure of the compound to wheat seeds inhibited the germination. Another P. nodorum SM cluster harboring the PKS gene SN8614 was
up-regulated during the transition from necrotrophy to saprotrophy stage in planta. The overexpression of a transcriptional factor in the
gene cluster activated the expression of this pathway in culture medium producing a red pigment not found in wild-type. This pigment
caused significant necrosis on wheat leaves in a light-dependent manner. The compound structure was established to be a perylenequinone
named elsinochrome C. This is the first report of elsinochrome C in P. nodorum. . We are currently reconstructing the whole pathway to
understand the biosynthesis of this light-activated toxin. Finally, we were able to identify the PKS gene (SN15829) that encodes the
production of the mycotoxin alternariol in P. nodorum. This was confirmed by both reverse genetics and heterologous expression of the
PKS gene in Aspergillus nidulans. The P. nodorum alternariol PKS gene is different from that reported in Alternaria alternata previously.

57



CONCURRENT SESSION ABSTRACTS

The identification of P. nodorum alternariol PKS gene will facilitate the detection of alternariol-producing fungi in the environment. In
conclusion, synthetic biology can be a promising tool for linking ecological genomics with chemical ecology.

Metabolism affects Candida albicans pathogenicity at multiple levels. Alistair Brown®, Gordon Brown®, Mihai Netea?, Neil Gow?. 1)
School of Medical Sciences, University of Aberdeen, Aberdeen, United Kingdom; 2) Nijmegen and Radboud Center for Infectious
Diseases, Geert Grooteplein Zuid 8, Nijmegen, The Netherlands.

Metabolism is integral to the pathogenicity of the major fungal pathogen of humans, Candida albicans, influencing virulence at multiple
levels. This fungus tunes its nutrient assimilation and metabolism to optimize growth and colonization of diverse niches in the host. This
metabolic adaptation is also integrated with the expression of key virulence factors, it affects the susceptibility of C. albicans to the stresses
is experiences in these host niches, and it modulates the resistance of this pathogen to antifungal drugs. Furthermore, metabolic adaptation
modulates the vulnerability of C. albicans to innate immune defences. These effects are controlled by complex regulatory networks that
link metabolism, morphogenesis, stress adaptation and cell wall remodelling. Together, these processes influence commensalism and
infection. Consequently, current views of Candida-host interactions should be extended to include the impact of metabolic adaptation upon
pathogenicity and immunogenicity.

Phenotypic switching in Candida albicans: towards integrating environmental inputs and cellular outputs. luliana Ene, Richard
Bennett. Molecular Microbiology and Immunology, Brown University, Providence, RI.

The ability to switch between different phenotypic states is crucial for the success of Candida albicans as a human pathogen. While the
white-opaque switch modulates mating, the yeast-hyphal transition (filamentation) promotes invasion and damage to host tissues. These
transitions are associated with different mammalian niches or stages of infection, yet the molecular basis of their preference for these
niches is poorly understood. To understand the metabolic differences between phenotypic states, we carried out a comparative analysis of
white and opaque cells using Phenotype MicroArrays. This high-throughput analysis allowed monitoring of growth, white-opaque
switching and filamentation of C. albicans cells under ~2,000 different nutrients or stressors. Integrating the phenotypic data with the
annotated genome and the metabolic network of C. albicans allowed us to identify metabolic pathways and regulatory processes that are
co-regulated with phenotypic transitions. We found that >80% of conditions promoted the growth of white cells to a higher biomass than
that of opaques, and that opaque cells were more sensitive than whites to most stressors tested. The increased fitness of white cells was
more apparent at 37°C than at 25°C. As expected, switching from white to opaque was favoured by growth at lower temperatures, although
several conditions induced this switch at 37°C. We also identified a number of conditions that stabilized the opaque state at 37°C,
suggestive of niches where these cells might be stable in the host. Carbon sources were important regulators of the white-opaque switch
and subsequent genetic analyses identified glucose sensing and regulatory pathways as key modulators of opaque stability. In parallel, we
identified novel nutritional cues that induce the program of filamentation, as well as significant overlaps between the regulation of the
white-opaque switch and the yeast-hyphal transition. Our findings underline key differences in the metabolic programs of C. albicans cells
in alternate phenotypic states. This will allow identification of host niches that promote these phenotypic transitions and understanding of
the role of metabolic adaptation in the lifestyle of C. albicans..

Fungal bioenergetics drives human fungal pathogenicity: Focus on Aspergillus fumigatus. Dawoon Chung, Arsa Thammahong,
Sourabh Dhingra, Sarah Beattie, Robert Cramer. Microbiology and Immunology, Geisel School of Medicine at Dartmouth, Hanover, NH.

Over the course of evolutionary history, mammals have evolved elegant mechanisms to resist severe infections by fungi. However, over
the last four decades, the incidence of often lethal invasive fungal infections has dramatically risen. While individuals that are susceptible
to an invasive fungal infection are most often immune compromised, the spectrum of fungi that causes disease remains limited. Many
genes and proteins have been found to be critical for pathogenicity in these select fungi, but it remains to be definitively determined why
only certain fungi are capable of causing invasive disease in specific immune compromised individuals. Utilizing the most common
filamentous fungal agent of human disease, Aspergillus fumigatus, and closely related so called non-pathogens, we are exploring the
hypothesis that fungal bioenergetics is the primary driving force behind human fungal pathogenicity. Our hypothesis predicts that
measurments of fungal bioenergetics between and within species may allow one to predict the virulence of a given fungal isolate in a given
patient. Key genes and biochemical pathways are being identified that drive these virulence associated bioenergetics. Targeting virulence
bioenergetics through drug mediated and non-drug mediated mechanisms, in a patient context dependent manner, is a promising novel
therapeutic approach to tackle these recalcitrant and devastating infections.

Fumigatin-oxide production by Aspergillus fumigatus is regulated by iron availability and temperature involving the transcription
factors HapX and SrbA. Beatrix E. Lechner’, Ernst R. Werner?, Markus A. Keller?, Kirstin Scherlach®, Falk Hillmann*, Hubertus Haas'.
1) Division of Molecular Biology, Innsbruck Medical University, Innsbruck, Austria; 2) Division of Biological Chemistry, Innsbruck
Medical University, Innsbruck, Austria; 3) Department of Biomolecular Chemistry, HKI, Jena, Germany; 4) Department of Molecular and
Applied Microbiology, HKI, Jena, Germany.

Iron is an essential metal for the metabolism of virtually all species. For the opportunistic fungal pathogen Aspergillus fumigatus,
adaptation to iron starvation has been shown to be an essential virulence determinant. Here we found that in A. fumigatus liquid cultures,
iron starvation induces the secretion of a yellow pigment optimally at 20-25°C, but not at 37°C, within 48-72 h of growth. In contrast,
starvation for nitrogen, carbon, phosphate or other metals such as copper or zinc did not trigger production of this extracellular pigment.
Deficiency in HapX or SrbA, the master regulators for adaptation to iron starvation and secondary metabolism, respectively, impaired
biosynthesis of the pigment. In contrast to A. fumigatus, Aspergillus nidulans, Aspergillus terreus or Penicillium chrysogenum were not
found to synthesize this pigment. The pigment was purified by solid phase extraction and reversed-phase HPLC separations. High-
resolution mass spectrometry revealed a molecular mass of 183.0297 corresponding to the chemical formula of CgHgOs. 1H-NMR together
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with the photosensitivity and the pH dependence of UV absorption spectra identified the compound as fumigatin-oxide. The aromatic,
maroon-colored metabolite fumigatin, showing antibiotic activity against bacteria and toxicity against animals as well as anti-inflammatory
activity, was first isolated from A. fumigatus culture media in 1938. Subsequently, fumigatin and its derivatives were detected by mass
spectrometry in various A. fumigatus isolates but the biosynthetic pathway for fumigatin biosynthesis remains to be elucidated. This study
represents the first characterization of the regulation of fumigatin production and emphasizes the impact of iron availability on fungal
secondary metabolism.

Saturday, March 21 2:00 PM-5:00 PM
Chapel

Effector Biology
Co-chairs: Sophien Kamoun and Regine Kahmann

Phytophthora sojae effector Avrlb can be delivered into soybean cells by heterologous PI13P-binding proteins during infection.
Qunging Wang, Felipe Arredodo, Eli Perez, Brett Tyler. Botany and Plant Pathology, OREGON STATE UNIVERSITY, Corvallis, OR.

Oomycete and fungal pathogens secrete effector proteins that can enter plant cells to modify the physiology of their hosts. A major class
of effectors produced by oomycetes contains RXLR motifs that mediate entry of these effectors into plant cells. We previously showed that
RXLR effectors can enter host cells in the absence of any pathogen. Furthermore, these effectors can bind to specific lipids including
phosphatidylinositol-3-phosphate (PI13P). PI3P-binding requires the RXLR motif, plus in some cases, C-terminal regions of the protein.
Previously we showed that PI3P binding is required for the effectors to enter into host cells when the purified proteins are introduced into
root or leaf tissue. Here we show that the RXLR motif of Avrlb is sufficient for cell entry in vivo, independent of the C-terminal PI3P-
binding residues. In order to validate that PI3P-binding mediates host cell entry in planta, we have shown that heterologous PI3P-binding
proteins such as yeast VAMT7p can functionally replace the RXLR domain of Phytophthora sojae effector Avrlb, and can deliver this
effector into soybean cells during a natural P. sojae infection. The Avrlb and various derivative mutant proteins can be specifically
detected in culture supernatants after de-glycosylation, indicated that Avrlb is post-translationally modified.

The RXLR motif of the Phytophthora infestans host targeting effector AVR3a is cleaved before secretion by the pathogen. Stephan
Wawra'®, lan Davidson?, Uwe Linne®, Chris J. Secombes®, Pieter van West®. 1) Botanical Institute, Genetical Institute, University of
Cologne, Zulpicher Strasse 47b, 50674, Cologne, Germany; 2) Proteomics Facility, Institute of Medical Sciences, University of Aberdeen,
Foresterhill, Aberdeen, AB25 2ZD, UK; 3) Philipps-Universitat Marburg, Chemistry, Core Facility for Mass Spectrometry, Hans-
Meerwein-Strabe, D-35032 Marburg, Germany; 4) Scottish Fish Immunology Research Centre, Institute of Biological and Environmental
Sciences, University of Aberdeen, Aberdeen AB24 2TZ, UK; 5) Aberdeen Oomycete Laboratory, College of Life Sciences and Medicine,
Institute of Medical Sciences, University of Aberdeen, Foresterhill, Aberdeen, AB25 27D, UK.

When oomycete plant pathogens infect their hosts they employ a large arsenal of effector proteins of which some are translocated into
their host cells. The RxLR-effectors are the largest group of such molecules defined by their conserved N-terminal Arg-Xaa-Leu-Arg
(RXLR) motif. However, the role of this motif in the host-cell translocation process is unclear. We performed detailed biochemical analyses
of the RxLR-effector AVR3a from the potato pathogen Phytophthora infestans obtained from axenic culture filtrate. High resolution mass
spectrometric analyses showed that the RxLR-sequence of AVR3a is cleaved off prior secretion by the pathogen because the mature
effector is acetylated at the new N-terminus. These findings suggest a role for the RXLR-motif in the effector export pathway within the
oomycete. The observed processing and modification is similar to events observed for Plasmodium export element (PEXEL)-effectors of
malaria. Consequently, models of RxLR-mediated pathogen-independent uptake of RxLR-effectors need to be revised.

Effector dynamics during biotrophic invasion by the rice blast fungus, Magnaporthe oryzae. Barbara Valent', Mihwa Yi®, Pierre
Migeon?, Ely Oliveira-Garcia®, Huakun Zheng*, Melinda Dalby*, Xu Wang?, Jung-Youn Lee?, Mark Farman®, Zonghua Wang”, Jie Zhou®.
1) Dept. of Plant Pathology, Kansas State University, Manhattan, KS; 2) Dept. of Plant and Soil Sciences, University of Delaware, Newark,
DE; 3) Dept. of Plant Pathology, University of Kentucky, Lexington, KY; 4) Fujian Agriculture and Forestry University, Fuzhou, 350002,
China; 5) Current Address: Forage Improvement Division, The Samuel Roberts Noble Foundation, Ardmore, OK.

During biotrophic invasion, Magnaporthe oryzae secretes cytoplasmic effectors, which preferentially accumulate in biotrophic interfacial
complexes (BICs) and are translocated into the cytoplasm of rice host cells. The fungus also secretes apoplastic effectors, which remain in
the extracellular space between the fungal cell wall and the rice plasma membrane. Disruption of the conventional ER-Golgi secretion
pathway by Brefeldin A treatment blocks secretion of apoplastic effectors, but not secretion of cytoplasmic effectors, indicating that M.
oryzae possesses a distinct Golgi-independent secretory system for targeting cytoplasmic effectors into BICs. Understanding how and
where effectors are secreted during biotrophic invasion and how these effectors function to promote blast disease remain major challenges.
Biotrophic invasive hyphae secrete many biotrophy-associated-secreted (BAS) proteins, including known effectors. High-throughput in
planta localization studies for more than 80 BAS proteins show diverse patterns of temporal regulation of expression and spatial
accumulation of secreted proteins. At least 24 BIC-localized effectors are translocated into the cytoplasm of invaded rice cells and move
ahead into neighboring rice cells, presumably moving through plasmodesmata to prepare host cells before hyphal invasion. Searching
behavior of invasive hyphae before they cross plant cell walls and extreme constriction during crossing led to the hypothesis that these
hyphae seek out pit fields containing plasmodesmata for crossing into neighboring cells. We explore potential fungus-plasmodesmata
interactions using 7 distinct effectors that accumulate around hyphae as they cross the plant cell wall, and other effectors that undergo cell-
to-cell movement.
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An assay for entry of pathogen effectors into host cells? L. Lo Presti, R. Kahmann. Organismic interactions, MPI for Terrestrial
Microbiology, Marburg, Germany.

A successful colonization of plants by prokaryotic and eukaryotic pathogens requires active effector-mediated suppression of defense
responses and host tissue reprogramming. Secreted effector proteins can either display their activity in the apoplast or translocate to host
cells and affect plant functions there. While bacterial pathogens use Type Il Secretion System (T3SS) for injecting effectors into plant
cells the molecular mechanisms of effector delivery by eukaryotic phytopathogens remain elusive. Here we report the establishment of an
uptake assay that is based on the ability of a bacterial biotin ligase, BirA, to biotinylate in vivo all proteins that carry a small peptide, the
Avitag, which serves as substrate for the enzyme. The assay relies on the stable expression of BirA in the cytoplasm of the host plant and
the engineering of phytopathogen effectors with the Avitag. The only effectors to be biotinylated by BirA are the ones that translocate into
the host cell. Hence biotinylation becomes a hallmark of uptake. We have initially established the feasibility of the assay in a transient
expression assay in. Nicotiana benthamiana. Currently we are transferring the assay to the Ustilago maydis-maize pathosystem and we will
present and discuss here our first results.

An RXLR-WY effector of the Irish potato famine pathogen Phytophthora infestans antagonizes a host autophagy cargo receptor. Y.
Dagdas’, K. Belhaj!, A. Magbool? R. Hughes?, M. J. Banfield®, S. Kamoun?, T. O. Bozkurt*®. 1) The Sainsbury Laboratory, The Sainsbury
Laboratory, Norwich, United Kingdom; 2) Department of Biological Chemistry, John Innes Centre, Norwich Research Park, Norwich,
NR4 7UH, UK; 3) Imperial College London, Department of Life Sciences, London, UK.

Autophagy is a multifaceted membrane trafficking pathway involved in adaptation to cellular stress conditions such as starvation and
pathogen infection. Activation of autophagy leads to formation of special vesicular structures called autophagasomes, which carry
autophagic cargo to lysosomes or vacuoles for degradation. A form of autophagy, known as selective autophagy, can specifically degrade
particular molecules through autophagy cargo receptors that confine the cargo within a special set of autophagasomes. Although the role of
autophagy in antimicrobial defense responses has been documented in animals, the role of autophagy in plant-microbe interactions is
unclear and somewhat controversial. Here, we discovered that a secreted RXLR-WY type effector of Phytophthora infestans, PexRD54,
binds to the autophagy marker protein ATG8. We identified an ATG8 Interacting Motif (AIM) in PexRD54. Mutations in the AIM
prevented both in vivo and in vitro PexRD54-ATGS8 interactions. Consistently, overexpression of PexRD54 increased the number of
GFP:ATGS8 labeled autophagasomes and enhanced stability of ATG8 protein in planta. To investigate the biological function of PexRD54,
we studied the autophagy cargo receptor Joka2, which also interacts with ATGS. In planta overexpression of Joka2 limited P. infestans
infection, suggesting a role for Joka2/ATG8 selective autophagy in response to oomycete infection. Remarkably PexRD54, but not the
AIM mutant of PexRD54, was able to out-compete Joka2 for binding to ATG8 and restore full pathogen virulence. Our findings point to a
model in which a P. infestans RXLR-WY effector antagonizes a selective autophagy cargo receptor to enhance pathogen virulence.

Characterization of a Pyrenophora teres f. maculata mapping population uncovers the complexity of virulence in the spot form net
blotch of barley interaction. T.L. Friesen™? S.A. Carlsen?, J.K. Richards®, A. Neupane?, R.S. Brueggeman®. 1) Cereal Crops Res Unit,
USDA-ARS, Fargo, ND; 2) Department of Plant Pathology, North Dakota State Univ., Fargo, ND USA.

Pyrenophora teres f. maculata is a major pathogen of barley worldwide, however, little is known about the virulence underlying this
disease. Based on its necrotrophic lifestyle, the pathogen likely produces several necrotrophic effectors (NEs) that elicit NE triggered
susceptibility (NETS) in the host. To gain insight into the virulence of P. teres f. maculata, a mapping population was developed using a
cross between P. teres f. maculata isolates FGOB10ptm (North Dakota) and SG1 (Australia) to derive 105 progeny. The population was
phenotyped using nine diverse barley lines including common SFNB differential lines and lines from the world barley core collection put
together by the Triticeae Coordinated Agriculture Project (T-CAP). Lines were selected that demonstrated differential reaction to the
selected parental isolates. The North Dakota isolate had significantly higher virulence on seven of the barley lines while the Australian
isolate had higher virulence on two of the lines. Genotyping was done using a two-enzyme restriction associated DNA (RAD) GBS
approach developed for the lon Torrent PGM. A SNP calling pipeline identified a total of 983 quality SNP markers. These SNP markers
were used to develop the first genetic map of P. teres f. maculata. Co-segregating markers were eliminated leaving 488 informative
markers. Markers were distributed across 17 linkage groups generating a total map size of 1780 cM. Using phenotypic and genotypic data,
QTL analysis identified more than 20 genomic regions on seven of the linkage groups, associated with P. teres f. maculata virulence. QTL
associated with individual barley lines ranged from three to seven with each line used showing a different QTL pattern. The variation in
virulence QTLs between barley lines and the high number of genomic regions associated with virulence indicates a high level of
complexity in both pathogen virulence and host resistance or susceptibility.

Effectors from the plant pathogenic Aphanomyces euteiches trigger host DNA damage. Elodie Gaulin, Michiel JC Pel, Laurent
Camborde, Diana Ramirez, Hélene San-Clemente, Bernard Dumas. UMR5546 CNRS-Université , Laboratoire de Recherche en Sciences
Végétales, Castanet-Tolosan, France.

Microbial pathogens translocate effectors inside host cells to subvert cellular functions and suppress immune responses. Oomycetes,
which are fungal-like eukaryotic microorganisms that cause some of the most destructive plant diseases in the world, secrete several
different kind of effector proteins. Two large groups of these effectors are the RXLR and the CRN (Crinkler) proteins. RXLRs and CRNs
are modular proteins with conserved N-termini and highly diverse C-terminal effector domains. We recently obtained the genome sequence
of the legume root pathogen Aphanomyces euteiches (ATCC201684, AphanoDBv2.0; https://www.polebio.lrsv.ups-tlse.fr/aphanoDBY/). This
data revealed the absence of RXLR effectors and the presence of over 150 putative CRN effectors in the genome of this pathogen.
Aphanomyces sp. CRNs are characterized by the presence of an LYLALK translocation motif, and although many CRNs have been
identified data on CRN function and targets is still limited. We started the functional analysis of these CRN effectors to gain insights in the
virulence mechanisms of A. euteiches and to identify possible targets for disease control. We have been able to show that one of the CRN
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effectors, CRN13, localizes in the plant nucleus where it triggers cell death. Further, we found that the CRN13 ortholog of the fungal
amphibian pathogen Batrachochytrium dendrobaditis is able to cause a similar response in both plant and amphibian cells. Additionally,
we demonstrated that both CRN13s are able to bind DNA in vitro and cause DNA damage in vivo. Altogether, this work reveals that CRN
effectors produced by unrelated plant and animal pathogens bind DNA to interfere with host cell development.

Fusarium Rapid ALKalinization Factor (f-ralf) encodes a secreted virulence effector acquired by horizontal gene transfer from
plants. Sara Masachis!, David Turra®, Mennat El Ghalid®, Georg Felix?>, Thomas A. Richards®, Antonio Di Pietro®. 1) Department of
Genetics, University of Cordoba, Spain; 2) Center of Plant Molecular Biology, Eberhard-Karls-University Tiibingen, Germany; 3)
Biosciences, University of Exeter, UK.

Fungal pathogens secrete effector molecules to shape the host environment for their own benefit. For instance, extracellular alkalinization
is used by a number of phytopathogens to improve colonization of the host tissue. We previously showed that in the root-infecting fungus
Fusarium oxysporum an increase in extracellular pH promotes invasive growth and pathogenicity on tomato plants. The mechanisms that
mediate extracellular alkalinization during fungal infection are poorly understood. Inspection of the F. oxysporum genome sequence
identified a gene encoding a predicted secreted homolog of Rapid ALkalinization Factor (RALF), a conserved family of plant peptide
hormones that regulate cell expansion during plant growth and development. Expression of ralf is markedly upregulated in F. oxysporum
during infection of tomato roots. Synthetic F-RALF peptide triggered rapid alkalinization in tomato cell cultures and caused inhibition of
root elongation and root hair growth both in tomato and Arabidopsis plants. Fungal mutants lacking the f-ralf gene were significantly
attenuated in virulence on tomato plants, and induced expression of defense genes in the host. Alkalinization of the extracellular medium
was observed in tomato plants exposed to the F. oxysporum wild type and complemented strains, but not the f-ralf mutants. A survey of
sequenced fungal genomes identified ralf homologs in a number of phylogenetically distant species, all of them plant pathogens. We
propose that these fungi use RALF peptides acquired by horizontal gene transfer from plants to enhance their infectious potential through
alkalinization of the host tissue.

Saturday, March 21 2:00 PM-5:00 PM
Fred Farr Forum

Dynamics of Genome Evolution
Co-chairs: Daniel Croll and Li-Jun Ma

Evolutionary constrains of host specificity in the smut fungus Microbotryum. Britta Bueker?, Michael Hood? Dominik Begerow?. 1)
Ruhr-Universitat Bochum, AG Geobotanik, Universitaetsstr. 150, 44780 Bochum, Germany; 2) Amherst College, Biology Department,
01002 Amherst, MA, USA.

In fungal pathogens, the occurrence of interspecific hybridization is often linked to host species” distribution and characteristics.
Therefore, analysis of the genetics underlying host specialization is a crucial factor for understanding pathogen’s evolution and the
involved mechanisms. In the current study we use the basidiomycetes smut fungus Microbotryum — a species complex with independent
evolutionary lineages that typically specialize to a given host plant species — to study genetic determinants of hybridization and host
specialization. To do so, we are analyzing and comparing the genomes of the two Microbotryum species, M. lychnidis-dioiceae and M.
silenes-acaulis — both species that are well adapted to distinct host environments. The use of hybrids and selective infection experiments
allows us to assess genomic constraints on hybrid viability and to isolate the effect of the mating type chromosomes in relation to host
adaptation. The results suggest that loci involved in the disease interactions may be associated with the mating type chromosomes.
Furthermore, by focusing on the occurrence of genes underlying positive selection in F1 hybrids and selected backcrosses, potential
candidate genes that play a crucial role in infection and virulence can be described. Thus, the application of selective infection experiments
in combination with genomic analysis is a feasible approach to elucidate the evolutionary forces of host specificity in the Microbotryum
pathogen complex..

Transposable elements reshaping genomes and favoring the evolutionary and adaptive potential of fungal phytopathogens. Thierry
Rouxel, Jonathan Grandaubert, Marie-Helene Balesdent. INRA-Bioger, Thiverval-Grignon, France.

Transposable Elements (TEs) have been considered for long as “junk” DNA in the genome of complex eukaryotes. However, massive
sequencing efforts coupled with phylogenetic analyses suggest TEs can act as genome shapers and be a source of gene innovation and
genome plasticity, eventually contributing to genome divergence. Fungi are simple and easy to manipulate eukaryote organisms, for which
the ever-growing genome information indicates that many plant-associated fungi have a tendency towards genome size expansion. This
increase in genome size is mostly driven by TE expansion that eventually shapes adaptive regions of the genome. Such genome regions
host genes involved in niche adaptation and favor accelerated evolutionary dynamics of these genes. Focusing on the Leptosphaeria
maculans-Leptosphaeria biglobosa species complex of closely related plant pathogenic fungi, we will discuss the link between TE
invasion/TE bursts in genomes and (i) speciation, (ii) the rise of two-speed genomes, shaping plastic genome environments, (iii) gene
diversification that contributed to adaptation to new hosts, (iv) heterochromatine-based regulation of expression of effector genes, (v)
accelerated adaptation to resistance gene pressure in gene-for-gene systems.
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Genome plasticity mediated by transposable elements drives the evolution of virulence in the vascular wilt pathogen Verticillium
dahliae. Michael Seidl, Luigi Faino, David Cook, Xiaogian Shi-Kunne, Grardy van den Berg, Bart Thomma. Laboratory of
Phytopathology, Wageningen University, Wageningen, Netherlands.

Verticillium dahliae is a soil-borne pathogen that aggressively colonizes hundreds of host plants, including high value crops such as
tomato and potato, leading to the formation of vascular wilt disease. Resistance in the host population exert selective pressure on the
pathogen forcing the rapid evolution of adaptive traits to successfully participate in the arms race with the host. By comparative genomics
of the V. dahliae population, we recently revealed genomic rearrangements that facilitate the gain and loss of genetic material and establish
highly dynamic lineage-specific (LS) regions. LS regions are enriched for transposable elements (TEs) and in planta induced effector genes
encoding secreted protein that significantly contribute to aggressiveness towards the host, and thus have been hypothesized to contribute to
the genome plasticity required for adaptive genome evolution. However, the factors that drive genome plasticity in V. dahliae remain
enigmatic. Using long-read sequencing technologies, we re-sequenced two V. dahliae strains and analyzed the previously identified
genomic rearrangements in unprecedented detail, revealing multiple genomic breakpoints down to the nucleotide level. Genomic
breakpoints are flanked by multiple TEs, suggesting that these elements play essential roles in their formation. Comparative analyses of V.
dahliae with the recently sequenced non-pathogenic Verticillium tricorpus revealed a highly expanded TE repertoire in pathogenic V.
dahliae, where in planta induced effector candidates, but also other genes encoding secreted proteins, are frequently flanked by TEs.
Additionally, whole-genome bisulfite sequencing of V. dahliae identified DNA methylation predominantly targeting TEs. In fungi,
inactivation of TEs by DNA methylation is common, and we hypothesize that it could also influence the expression of nested effector
candidates, thereby providing yet another route how TEs can affect the interaction between the pathogen and its host. In summary, we
highlight the profound role of TEs on the evolution of virulence in the vascular wilt pathogen V. dahliae.

The origin and fate of chromosomal structural variants in fungal populations. Daniel Croll. ETH Zurich, Zurich, Switzerland.

Fungal pathogen populations show extraordinary potential to adapt to changes in the environment, host genotypes or chemical control
agents. The main determinants of rapid evolution are likely to be extensive standing genetic variation, frequent sexual reproduction and
high dispersal capabilities. Despite the ubiquity of evidence for rapid turnover occurring in fungal populations, little is known how the
structure of the genome influences the evolution of genetic variation. Most studies are focused on allele frequency changes at SNP loci.
However, chromosomal rearrangements and variations in recombination rates are expected to significantly influence the evolutionary
potential of loci. We aimed to comprehensively study chromosomal structural variants segregating in fungal populations of the ascomycete
wheat pathogen Zymoseptoria tritici (formerly Mycosphaerella graminicola). First, we generated near-complete genome assemblies of four
field isolates using a combination of short- (Illumina) and long-read (PacBio) technologies, and high-resolution genetic maps. Comparative
analyses of the genome assemblies showed that a substantial proportion of the polymorphism in a field population is due to structural
variation in the chromosomal sequences. Second, we used re-sequencing data from 130 additional isolates from a global collection to
identify the frequency of segregating structural variants. Third, we calculated genome-wide linkage disequilibria and correlated the level of
linkage disequilibria with the presence of structural variation. We found that population linkage disequilibria were higher near
chromosomal rearrangements breakpoints. The chromosomal location of structural variants also correlated with variations in recombination
rates. The presence of segregating structural variants within populations is likely to affect the genetic architecture of phenotypic traits and
provides an important genomic context to predict the evolutionary potential of loci in a pathogen genome.

Tracing the evolutionary trajectory of drug resistance and virulence in clinical isolates of Candida albicans . Chris B. Ford*, Jason M.
Funt!, Darren Abbey?, Luca Issi*, Candace Guiduccit, Toni Delorey™*, Theodore C. White®, Reeta P. Rao*, Judith Berman®, Aviv
Regev'?, Dawn Thompson®. 1) Broad Institute of MIT and Harvard, 7 Cambridge Center, Cambridge, MA 02142; 2) Howard Hughes
Medical Institute, Department of Biology, Massachusetts Institute of Technology, 77 Massachusetts Ave, Cambridge, MA 02140; 3)
University of Minnesota, Minneapolis MN 55455 USA; 4) Worcester Polytechnic Institute, Department of Biology and Biotechnology, 100
Institute Road, Worcester MA 01609; 5) School of Biological Sciences, University of Missouri at Kansas City, MS; 6) Tel Aviv
University, Ramat Aviv, 69978 Israel.

Candida albicans is both a member of the healthy human microbiome and a major pathogen in immune-compromised individuals.
Infections are typically treated with azole inhibitors of ergosterol biosynthesis that often leads to drug resistance. Since C. albicans is a
predominately asexual diploid, conventional genetic analysis is challenging. Another approach is to study the mutations arising naturally
during the evolution of drug resistance in vivo, using isolates sampled consecutively from the same patient. We leveraged next-generation
sequencing to analyze 43 isolates from 11 oral candidiasis patients. We detected newly selected mutations, including single-nucleotide
polymorphisms (SNPs), copy-number variations and loss of heterozygosity (LOH) events. LOH events were commonly associated with
acquired resistance, and SNPs in > 150 genes may be related to host adaptation. Conversely, most aneuploidies were transient and did not
correlate with drug resistance. Our work reveals new molecular mechanisms underlying the evolution of drug resistance and host
adaptation. Finally, we are investigating the molecular underpinnings of host adaption in these isolates with our newly developed host
pathogen RNA seq pipeline.

Genome dissection of a Fusarium oxysporum isolate that causes fusariosis. Yong Zhang, Greg Delulio, Li Guo, Li-Jun Ma.
biochemistry & molecular biology, UMass, Amherst, Amherst, MA.

Advances in medical treatments increase the complexity of patient populations with immunodeficiency disorders. Opportunistic fungi
have emerged as important causes of morbidity and mortality in immunocompromised individuals. Fusariosis, the infection caused by
Fusarium spp., is the second most common opportunistic infection caused by filamentous fungi, after aspergillosis. F. oxysporum causes
localized or disseminated infections that may become life-threatening in neutropenic individuals. Some members of the F. oxysporum
species complex also cause devastating plant wilt diseases. Horizontally transferred supernumerary (SP) chromosomes determine host-
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specific pathogenicity of plant-infecting F. oxysporum isolates; however, it is unknown whether SP chromosomes also contribute to the
increasing cases of fusariosis in humans. Here we dissected the genome of the clinical F. oxysporum isolate NRRL32931. Optical mapping
technology revealed a compartmentalized genome structure with four unique SP chromosomes (1.8, 1.3, 1.2, and 1 Mb in size). Functional
annotation of the 812 genes encoded by the SP chromosomes indicates a potential role in survival and proliferation of the pathogen under
high temperature, high pH and ion-poor conditions, similar to those encountered in the human body. This study provides the first evidence
for the presence of SP chromosomes in a human-infecting fungus, revealing a potential role of genome compartmentalization in rapid
adaptation of F. oxysporum to the human host and in the establishment of invasive mycoses.

Sex determination in the red yeast Rhodosporidium babjevae: exploring the impact of genomic structural variation. Marco A.
Coelho, Susana Lopes, José P. Sampaio, Paula Gongalves. Centro de Recursos Microbiolégicos (CREM), Departamento de Ciéncias da
Vida, Faculdade de Ciéncias e Tecnologia, Universidade Nova de Lisboa, 2829-516 Caparica, Portugal.

Sexual reproduction is ubiquitous and extant in all of the major groups of the eukaryotic tree of life. In the fungal kingdom, the increasing
number of completed genome sequences has shown that the evolution of reproductive systems is a highly dynamic process.

Within basidiomycetes, many yeast species have developed a unique tetrapolar mating system determined by two unlinked genomic
regions: (i) a pheromone/receptor (P/R) locus that is often biallelic and coordinates cell recognition/fusion; and (ii) a multiallelic
homeodomain (HD) locus that regulates the progression through the sexual cycle. Since alleles at both loci must differ for sexual
reproduction to occur, tetrapolar species seem to efficiently restrict inbreeding (25%), while potentially supporting efficient outcrossing
(=50%). The molecular basis of the tetrapolar mating system has been so far characterized with detail in species of the Ustilaginomycotina
and Agaricomycotina subphyla. Using phylogenetic, comparative genomics and electrophoretic karyotype analyses, we now provide a
detailed description of the tetrapolar sexual system in the red yeast Rhodosporidium babjevae therefore expanding the characterization of
this system to the earliest derived lineage of the Basidiomycota, the Pucciniomycotina subphylum. Besides defining the genetic structure of
P/R and HD loci in compatible strains of R. babjevae using whole-genome sequencing and chromoblot analyses, a collection of 21
additional wild strains of R. babjevae revealed the presence of 16 HD alleles and only two P/R alleles. Recombination between both MAT
loci seems to be allowed as assessed in the progeny of a cross between R. babjevae compatible strains, but most of the progeny had reduced
(sexual) reproductive fitness, particularly those with assorted P/R and HD loci. We are currently exploring the impact of intraspecific
genomic structural variation in both sex determination and reproductive isolation.

Unisexual Reproduction - Climbing the Hill, Robertson Effect, without a Partner. Kevin Roach, Joseph Heitman. Molecular Genetics
and Microbiology, Duke University Medical Center, Durham, NC.

Cryptococcus neoformans is a pathogenic basidiomycetous fungus that >1,000,000 infections and 600,000 deaths annually. Despite the
presence and comparable fitness of both mating-types, o isolates predominate (>95 - 99%) in both nature and patients. Long thought to be
asexual in many environmental, C. neoformans undergoes opposite sex mating (a-«) under lab conditions and was recently discovered to
undergo a novel form of unisexual mating (a-o). The ability to sexually reproduce without an opposite mating-type partner raises questions
about the evolutionary impact of unisexual reproduction on predominantly MATa populations. One such question is the effect of unisexual
reproduction on the Hill-Robertson effect, a reduction in effectiveness of selection due to interference in selection between linked loci. In
asexually dividing populations a beneficial mutation that occurs on a background with deleterious mutations may be lost due to purifying
selection on the background. Likewise, two advantageous mutations segregating on different backgrounds will compete and rise in
frequency more slowly unless recombination brings them together on the same background. If C. neoformans populations, were limited to
only rare opposite mating-type sexual reproduction because of the preponderance of a mating-type, selection would have less opportunity
to act on individual alleles and would instead act on whole genotypes. We tested whether unisexual reproduction between MATa
individuals reduces linkage disequilibrium between mutations. We show that unisexual reproduction can break linkage between
advantageous and deleterious mutations, as well as bring advantageous mutations into linkage together on the same background, increasing
the effectiveness of selection. Unisexual reproduction therefor reduces linkage and allows selection to act on individual alleles to reduce
the Hill-Robertson effect, thereby increasing the fitness of populations of finite size.

Saturday, March 21 2:00 PM-5:00 PM
Kiln

Extremophilic Fungi
Co-chairs: Ana Plemenitas and Igor Grigoriev

Thermophilic fungi: phylogeny, genomics, and degradation of plant-derived biomass. Adrian Tsang*?, lan Reid?, Nicholas O'Toole?,
Annie Bellemare?, Ingo Morgenstern'?, Nadeeza Ishmael?, Erin McDonnell?, Kimchi Strasser'2, Carol Nyaga?, Gregory Butler?, Justin
Powlowski?. 1) Biol, Concordia Univ, Montreal, Canada; 2) Centre for Structural and Functional Genomics, Concordia University,
Montreal, Canada.

Filamentous fungi are the major decomposers of plant-derived biomass. They secrete a wide array of enzymes to hydrolyze
polysaccharides (cellulose, hemicellulose, pectin) and to mineralize lignin, the major polymers found in plant cell wall. Thermophilic fungi
are of particular interest because they are potential reservoirs of thermostable enzymes for industrial applications. Thermophily in fungi and
the taxonomic placement of many thermophilic fungi are not well established. Adopting the definition for fungal thermophily as fungi with
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optimal temperature of growth of above 40-45°C, about 30 reported species can be classified as thermophilic fungi. Most of these
thermophiles belong to the orders Sordariales and Eurotiales, with three species belong to the Mucorales and one to Onygenales. We have
sequenced the genomes of these thermophiles, many to very high quality. Thermophilic fungi are currently the only filamentous fungi with
finished, gapless genomes. We have completed the manual curation of all the genes in the finished genome of Remersonia thermophila.
The genome sequences have helped to correct the taxonomic placement of previously misplaced thermophilic species. An effort facilitated
by the Joint Genome Institute is underway to sequence mesophilic and thermotolerant species that are related to the thermophiles to
elucidate the evolution of fungal thermophily. The genome resource for the thermophilic fungi can be accessed via
www.fungalgenomics.ca.

Over 4000 genes encoding potential lignocellulolytic proteins have been identified from the fungal thermophiles. The genes predicted to
encode lignocellulolytic proteins have been cloned and transformed into Aspergillus niger for the production of recombinant enzymes.
Biochemical characterization of the recombinant enzymes shows that most of the enzymes originated from the fungal thermophiles have
temperature optimum in the 50-70°C range.

Thermophilic fungi for efficient plant biomass degradation. Joost van den Brink, Benjamin Stielow, Ronald de Vries. CBS-KNAW
Fungal Biodiversity Centre, Uppsalalaan 8, 3584 CT, Utrecht, The Netherlands.

A major challenge in the sustainable production of biofuels and biochemicals is efficient enzymatic conversion of plant biomass into
monomeric sugars. Most enzyme mixtures are currently produced by a small selection of fungal species (e.g. Trichoderma reesei,
Aspergillus niger). However, the fungal kingdom holds many more fungal species which produce enzyme mixtures with beneficial
characteristics such as high (hemi-)cellulase activity and high thermostability. Sordariales is one of the few fungal orders with thermophilic
isolates, of which many have been associated with the production of thermostable enzymes. The goal of our study is to assess the diversity
within Sordariales for efficient plant biomass degradation. Sordariales isolates showed a large variety of optimal growth temperatures
ranging from 25°C till 45°C. Phylogenetic analysis, using a novel highly multiplexed targeted next generation sequencing approach,
revealed that optimal growth temperature is a polyphyletic trait within Sordariales with separate mesophilic, thermotolerant and
thermophilic clades. Four thermophilic clades were clearly distinguished: Myceliophthora species, Thielavia terrestris, Chaetomium
thermophilum, and Mycothermus thermophilus. Interestingly, enzyme characteristics followed the optimal growth temperatures and were a
strong polyphyletic trait. Thermophiles within Myceliophthora showed the most potential as efficient plant biomass degraders. Especially
M. heterothallica had good growth on a large range of substrate and was able to produce offspring with a large physiological and genetic
variety. Mating and evolutionary engineering strategies were used to further improve M. heterothallica capability to degrade biomasses
such as sugarbeet pulp and spruce. In conclusion, this study showed the strategic strength of combining fungal diversity with specific
selection strategies to find enzyme mixtures with interesting industrial properties.

Experimental and genomic approaches to understanding the reproductive systems of the thermophile Myceliophthora
heterothallica and other members of the Chaetomiaceae. M. 1. Hutchinson®, A. J. Powell?, A. Tsang®, R. M. Berka*, N. O'Toole?, 1. V.
Grigoriev®, K. Barry®, A. Robinson?, D. O. Natvig'. 1) Department of Biology, University of New Mexico, Albuguerque, NM, USA; 2)
Sandia National Laboratories, Albuquerque, NM, USA; 3) Concordia University, Centre for Structural and Functional Genomics,
Montreal, QC, CA; 4) Novozymes Inc., Davis, CA, USA; 5) DOE Joint Genome Institute, Walnut Creek, CA, USA.

Members of the Chaetomiaceae are among the most reported species in studies of biomass degradation. This family also contains many
of the best-known thermophilic fungi, which are of industrial interest for their abilities to produce thermostable carbohydrate active
enzymes. Since there has been no genetically tractable model for the Chaetomiaceae, we have characterized sexual reproduction in the
thermophile Myceliophthora heterothallica with the goal of establishing this organism as a model for the group. Genome sequences from
M. heterothallica as well as other members of the Chaetomiaceae show that protein-coding genes in the mating regions of heterothallic
species are conserved relative to other outcrossing Sordariales, with an important exception: mating-type a strains from heterothallic
species of Chaetomiaceae possess a partial mat A-1 gene. The mat A-1 in mating-type a strains is truncated for the alpha box region
required for fertility in other Sordariales, although it has a conserved intact downstream reading frame. Among species of Chaetomiaceae
with teleomorphic states, heterothallism is rarely reported while homothallism is common. Analysis of genomes of homothallic species
demonstrates that they possess a true mat a-1 gene, but it is not linked to the mat A-1 region. Among filamentous Ascomycota, this
represents one recurring evolutionary pathway for derived homothallism, which requires mat A and mat a regions in a single haploid
genome. Phylogenetic analyses reveal that temperature growth responses are evolutionarily plastic within the family, with some clades
possessing both thermophiles and mesophiles. These analyses also highlight taxonomic problems, including paraphyly in several groups.

Preliminary characterization of biofuel relevant phenotypes in a natural population of Kluyveromyces marxianus for genome wide
association study. Marie K. Donnelly'?, Jasmine Yu?, Jacob Baker?, Thomas D. Bruns'2, John W. Taylor"2. 1) Plant and Microbial
Biology, University of California Berkeley, Berkeley, CA; 2) Energy Biosciences Institute, University of California Berkeley, Berkeley,
CA.

A chief technical hurdle to industrial cellulosic biofuel production is Saccharomyces cerevisiae’s sensitivity to high temperatures and
toxic products of biomass pretreatment and hydrolysis in the fermentation. While much work has been done to engineer suitable industrial
strains, a complementary approach is to look for desirable traits in closely related yeasts, such as the thermotolerant yeast, Kluyveromyces
marxianus. Few strains of K. marxianus exist in culture collections, and the extent of natural variation in traits like thermo-tolerance and
pH sensitivity is unknown. To sample the natural variation of K. marxianus, we traveled to the sugarcane growing and refining region of
Florida and collected sugarcane bagasse from active compost piles where the temperature was between 40 and 50°C. 120 bulk bagasse
samples were collected from four geographically distant sites. Bagasse samples were blended with water to create slurries, diluted by 10X
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and 100X, plated on YM agar at neutral pH and acidic pH conditions, and incubated at 45°C until cultures grew. Cultures were identified
by BLAST matches of the amplified ITS region. Cultures identified as K. marxianus were isolated and grown up in liquid media to assess
phenotypic variation within this population. Genomic DNA was extracted from each individual and sequenced via lllumina HiSeq.
Preliminary results show variation within the population in growth above 45°C. In addition to thermo-tolerance, we will investigate
variation in response to inhibitors in the growth medium, anaerobic tolerance to ethanol, and utilization of carbon. The goal of this work is
to match the phenotypic variation in this natural population with genetic variation using the technique of genome wide association.

Genome sequencing of four Aureobasidium pullulans varieties unravelled their stress tolerance, biotechnological potential,
pathogenicity and enabled description of four new species. Nina Gunde-Cimerman®?, Robin A. Ohm®, Tina Kogej*, Silva Sonjak,
Martina Turk®, Janja Zajc!, Polona Zalar!, Martin Grube®, Hui Sun®, James Han®, Aditi Sharma®, Jennifer Chiniquy®, Chew Yee Ngan®,
Anna Lipzen®, Kerrie Barry®, Igor V. Grigoriev®, Cene Gostingar™®. 1) Biology, Biotechnical Faculty, University of Ljubljana, BF,
Ljubljana, Slovenia; 2) 2Centre of Excellence for Integrated Approaches in Chemistry and Biology of Proteins (CIPKeBiP), Jamova 39, SI-
1000 Ljubljana, Slovenia; 3) US Department of Energy Joint Genome Institute, 2800 Michell Drive, Walnut Creek, CA 94598, USA, 4)
Institute of Plant Sciences, Karl-Franzens-University Graz, Holteigasse 6, A-8010 Graz, Austria; 5) National Institute of Biology, Veéna
pot 111, SI-1000 Ljubljana, Slovenia.

Aureobasidium pullulans is a black-yeast-like fungus used for production of the polysaccharide pullulan, the antimycotic aureobasidin A,
and as a biocontrol agent in agriculture. It can cause opportunistic human infections, and it inhabits various extreme environments. To
promote the understanding of these traits, de-novo genome sequencing of the four varieties of A. pullulans was performed. The 25.43-29.62
Mb genomes of these four varieties of A. pullulans encode between 10266 and 11866 predicted proteins. Their genomes encode most of the
enzyme families involved in degradation of plant material and many sugar transporters. They have genes possibly associated with
degradation of plastic and aromatic compounds, synthesis of pullulan and siderophores. Putative stress-tolerance genes include several
aquaporins and aquaglyceroporins, large numbers of alkali-metal cation transporters, genes for the synthesis of compatible solutes and
melanin, all of the components of the high-osmolarity glycerol pathway, and bacteriorhodopsin-like proteins. All of these genomes contain
a homothallic mating-type locus. The differences between these four varieties are large enough to justify their redefinition as separate
species: A. pullulans, A. melanogenum, A. subglaciale and A. namibiae. Available genome sequences should improve their
biotechnological exploitation and promote our understanding of their diverse lifestyles, stress-tolerance mechanisms and pathogenic
potential.

Stress resistance of black yeasts and microcolinal fungi: a matter of fine tuning on the proteome and transcriptome level. K.
Sterflinger?, D. Tesei', B. Blasi*, G. Marzban', M. Marchetti-Deschmann?, H. Tafer!. 1) BOKU Vienna, Extremophile Center, Vienna,
Awustria; 2) Technical University Vienna, Institute of Chemical Technologies and Analytics.

Black yeasts and black microcolonial fungi today are assumed to be the most stress resistant Eukaryotes known on Earth. They are
typical inhabitants of extreme environments as rock in hot and cold deserts, glaciers, rocky shores, salterns, acidic and alkaline
environments but occur also in niches of the human environment. Black fungi are oligotrophic and tolerate extreme temperature ranges,
desiccation, high UV- and radioactive radiation as well as osmotic and oxidative stress. Two model organisms are currently within the
focus of research on stress resistance in fungi: (1) Cryomyces antarcticus, an extremophilic fungus from Antarctic dry valleys with narrow
ecological amplitude and (2) Exophilala dermatitidis, a poly-extremophilic fungus with wide ecological amplitude and natural reservoirs in
glaciers and tropical regions. E. dermatitidis is also the causative agent of various severe illnesses in humans. In this study we present
results of proteomic analyses under varying culture conditions as well as the functional analysis of the transcriptional response of E.
dermatitidis. Interestingly, a major part of the proteome of C. antarcticus has a low identification rate based on sequence homology and
thus varies significantly from other fungal species. Incubation conditions did not affect the protein pattern dramatically in E. dermatitidis,
thus supporting the strain’s adaptations to extreme conditions and suggesting the presence of a set of proteins relevant to tolerance. By
transcriptomic studies we further demonstrate that apart from the protein coding genes, non-coding RNAs, circular RNAs as well as fusion-
transcripts are differentially regulated and that the function of the fusion-transcripts can be related to the corresponding temperature
condition. This work establishes that E. dermatitidis adapts to its environment by modulating coding and non-coding gene transcription
levels and through the regulation of chimeric and circular RNAs. The findings are a first step towards understanding the transmission and
virulence of the emerging pathogen E. dermatitidis.

Rock-weathering fungi: a simple genetically tractable model system to study organism-material interactions. Anna A. Gorbushina?,
Nicole Knabe!. 1) Materials and Environment, Federal Inst. of Materials Research and Testing, Berlin, Germany; 2) Freie Universitat
Berlin, Berlin, Germany.

So-called rock-inhabiting microcolonial ascomycetes colonise living and inert atmosphere-exposed surfaces, representing the relevant
model for material biodeterioration studies. The fungal growth habit contributes significantly to close contact with the colonised substrate
and accompanying microorganisms. Microcolonial fungi (MCF) from rock biofilms are responsible for substrate penetration, as well as for
the synthesis of extracellular polymeric substances and stimulation of interorganism contacts.

Multigene phylogenetic studies showed that rock-inhabitant lifestyle evolved in two classes of ascomycetes, namely Dothideomycetes and
Eurotiomycete. An appropriate representative of MCF to study stress tolerance and evolutionary issues is Knufia petricola strain A95 (=
CBS 123872), which was isolated from a marble rock surface in Athens (Greece). As the rock-inhabiting K. petricola A95 belongs to an
ancestral lineage of the Chaetothyriales and is a predecessor of opportunistic pathogens and lichens, it is a well-suited model to study
organism-material interactions as well as of potential importance for understanding the evolution of ascomycetous life styles. K. petricola
A95 is easy to handle, physiologically characterised and genetically tractable. Recently, The Black Yeast Project of the Broad Institute
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(Boston, MA, USA) released the annotated genome of A95 and related fungi. In collaboration with different laboratories we are using
comparative genome sequence analysis as well as genetic methods to investigate the mechanisms of the remarkable stress tolerance and
material colonisation behaviour of A95. Further, the recent establishment of a DNA-transfer- and integration system into K. petricola A95
allows for construction of pigment knock-out mutants and thus sets the stage for a variety of investigations into the role of rock-inhabiting
fungi in biofilm-induced material deterioration.

Exophiala dermatitidis as a model for investigating the stress biology of extremophile fungi. Jyothi Kumar, Erin Creasey, Steven D
Harris. Center for Plant Science Innovation, University of Nebraska Lincoln, NE.

Extremophiles are broadly recognized as organisms that can live in extreme conditions of temperature, acidity, alkalinity, or salinity.
Besides expanding our views on the diversity of life on Earth and perhaps beyond, the study of extremophiles has also provided significant
insight into how organisms adapt to stress. Extremophile fungi that primarily colonize exposed rock surfaces, known as “rock inhabiting
fungi’ (RIFs), were originally discovered in Antarctica, but have since been found throughout temperate habitats. RIFs possess numerous
morphological and physiological traits and their oligotrophic lifestyles allow them to thrive in harsh environments that are otherwise
detrimental. We propose that the “model” black yeast Exophiala dermatitidis can be used to investigate the molecular basis of these traits.
The accumulation of pigments, melanin and carotenoids likely play a key role in the stress tolerance of E. dermatitidis. In their functional
characterization of the GTPases Cdc42 and Racl, Guo and Szaniszlo (unpublished results) noted that the absence of Cdc42 resulted in
apparent loss of carotenoids. We have confirmed this and further shown that Cdc42 mutants fail to induce the carotenoid gene cluster. We
are currently using transcriptome sequencing to better define the role of Cdc42 in pigment synthesis and broader stress responses. We have
also discovered that E. dermatitidis can engage in transient mutualisms with photosynthetic algae to support growth and development. This
was accomplished by co-culturing E. dermatitidis with the alga Chlorella sorokiniana in the presence of light on a minimal medium that
otherwise lacked carbon. Preliminary results show that co-cultivation markedly enhances growth, promotes the formation of hyphae,
triggers asexual development, and results in stable associations between fungal and algal cells. These results suggest that transient
mutualisms may play a significant role in enabling the survival of extremophile fungi in harsh environments.

Saturday, March 21 2:00 PM-5:00 PM
Heather

ROS in development and pathogenicity
Co-chairs: Paul Tudzynski and Philippe Silar

The tetraspanin PLS-1 is required for NOX-1 and NOX-2 functions in cell fusion, cell growth and differentiation in the fungus
Neurospora crassa. M. Hernandez-Galvéan®, N. Cano-Dominguez?, A. Robledo-Briones?, E. Castro-Longoria?, A. Lichius®, J. Aquirre. 1)
Departamento de Biologia Celular y Desarrollo. Instituto de Fisiologia Celular UNAM. Apartado Postal 70-242 México City, D. F.,
Meéxico; 2) Departamento de Microbiologia. Centro de Investigacion Cientifica y de Educacion Superior de Ensenada (CICESE), 22860
Ensenada, B.C. México; 3) Institute of Chemical Engineering, Research Division Biotechnology and Microbiology, University of
Technology, 1060 Vienna, Austria.

The NADPH oxidases (NOX) are enzymes that catalyze the regulated production of superoxide. Neurospora crassa contains NADPH
oxidases NOX-1 and NOX-2. NOX-2 is essential for ascospore germination; while NOX-1 is required for sexual and asexual development,
polar growth and the cell fusion that occurs through conidial anastomosis tubes or CAT, during asexual spore germination. A common
regulatory subunit NOR-1 is essential for these NOX functions. Tagging of NOX-1 and NOR-1 with GFP to determine their subcellular
localization shows a fluorescence signal consistent with perinuclear ER and vacuole localization during CAT fusion, while in growing
hyphae it was found in punctuated and cable-like patterns, and notably enriched in septa and plasma membrane at the hyphal tips. During
hyphal growth NOX-1::GFP and NOR-1::GFP showed similar but not identical localization, suggesting the specifics sites at which NOX-1
is active. Tetraspanins are small integral membrane proteins that act as organizers of membrane signalling complexes. So far three
tetraspanin families (PLS-1, TSP-2 and TSP-3) have been identified in fungi and PLS-1 members have been specifically related to NOX-2
function. We generated Apls-1 mutants in N. crassa and show that these mutants display phenotypes that are identical to those found in
nox-1 and nox-2 mutants, indicating that in this fungus PLS-1 is required for NOX-1 and NOX-2 function. Tagging of PLS-1 with mCherry
at its N-terminus results in a protein that is partially functional and, like NOX-1, is enriched in septa and hyphal tips. Supported by grants
CB 153256 from CONACYT, IN207913 from PAPIIT-UNAM and DFG-CONACYT Germany-Mexico collaboration grant 75306.

Interplay of MAPK and ROS signaling in chemotrophic growth of Fusarium oxysporum. Daniela Dirschnabel, David Turra, Antonio
Di Pietro. Department of Genetics, University of Cérdoba, Cérdoba, Spain.

Chemotropism, the ability to re-orient the growth axis in response to chemical cues, is critical for many aspects of fungal lifestyle such as
colony establishment, foraging for nutrients or location of host organisms. We use the root-infecting pathogen Fusarium oxysporum as a
model to study various aspects of chemotropic signaling such as the perception of chemoattractants from the host plant. Previous studies
revealed that chemotropism towards nutrients, sex pheromones or plant signals is governed by distinct mitogen-activated protein kinase
(MAPK) cascades. The major chemoattractant secreted by tomato roots was identified as a peroxidase, an enzyme that catalyzes the
reductive cleavage of H,0,. Together with the observation that chemoattraction towards tomato roots is abolished by the antioxidant
ascorbate, this finding points towards a role of reactive oxygen species (ROS) in activation of the chemotropic response. The ROS-
generating enzymes NADPH oxidases (Nox) were previously shown to regulate developmental processes requiring chemotropic growth
such as hyphal fusion and plant infection. We have created deletion mutants in the NADPH oxidases NoxA or NoxB, as well as in the
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associated regulator NoxR. The phenotypes of these mutants are currently being characterized in order to determine the impact of NOX in
MAPK-mediated chemotropic growth of F. oxysporum..

Two closely related Rho GTPases, Cdc42 and RacA, have opposite roles for the ROS production and symbiotic infection of
endophytic fungus Epichloé festucae. Daigo Takemoto, Yuka Kayano. Graduate Sch Bioagricult, Nagoya Univ, Nagoya, Japan.

Epichloé festucae is an endophytic fungus systemically colonizes the intercellular spaces of temperate grasses to establish symbiotic
associations. Hyphae of the endophyte grow by tip growth in culture and meristematic tissue of host plant, whereas they divide and extend
by intercalary growth in the host leaf tissues to maintain the synchronized hyphal growth with leaf expansion of the host plant. We have
shown that ROS produced by a specific NADPH oxidase isoform, NoxA, and its regulators, NoxR and small GTPase RacA, have a critical
role in regulating hyphal growth in the host plant. BemA and Cdc24, homologues of polarity establishment proteins of yeast, were also
identified as interactors of NoxR. In this study, functions of RacA and closely related small GTPase Cdc42 were characterized. L-012-
mediated detection of ROS production at the edge of hyphal colonies indicated that RacA and Cdc42 positively and negatively regulate the
ROS production. In host plant, racA mutant showed irregular blanching and growth, which induce stunting and premature senescence of
the host. In contrast, growth of host was not affected by the infection of cdc42 mutant. cdc42 mutant can colonize meristematic tissue of the
host plant as wild type, however, fragmentation of hypha was observed at the bottom part of host plant, and no hypha was detected at the
top of leaf blade, indicated that Cdc42 is required for the intercalary extension of endophyte hyphae in host leaf tissues. Yeast two hybrid
assay indicated that RacA and Cdc42 specifically interact with NoxR and BemA, respectively. By domain swap and point mutations, amino
acid residues for their specific binding were identified. Introduction of mutated RacA, which lost binding activity to NoxR, can recover the
ROS production in culture, colony morphology and polarized hyphal growth of racA mutant, but hyphal fusion and symbiotic infection was
not complemented. NoxR-binding form of Cdc42 can complement the hyphal fusion and symbiotic infection of racA mutant, but ROS
production and morphological disorders were not recovered. These results highlight the multifunctionality of these small GTPases and
importance of binding specificity for their functional differentiation.

Investigating the role of NADPH oxidases during infection related development of the rice blast fungus Magnaporthe oryzae. Lauren
Ryder, Kenichi lkeda, Magdelena Martin-Urdiroz, Michael Kershaw, Nicholas Talbot. Dept Biosciences, Univ Exeter, Exeter, United
Kingdom.

Rice blast disease is a major threat to global food security and remains difficult to control. The rice blast fungus Magnaporthe oryzae
infects plants with a specialized single-celled infection structure called an appressorium, which generates high internal turgor to drive a
rigid penetration peg through the rice leaf cuticle.. NADPH oxidases (Nox) are flavoenzymes that function by transferring electrons across
biological membranes to catalyze reduction of molecular oxygen to superoxide. In animal cells, Nox enzymes are implicated in cell
proliferation, cell signaling, and apoptosis, whereas in plants Nox are necessary for programmed cell death, the response to environmental
stresses, pathogen infection, and polarized growth of root hairs. In filamentous fungi, Nox are necessary for cellular differentiation during
sexual reproduction and for developmental processes that involve transitions from non-polarized to polarized cell growth, such as tissue
invasion by mutualistic and pathogenic fungi, and fungal virulence. We have shown that Nox are essential for septin-mediated re-
orientation of the F-actin cytoskeleton to facilitate cuticle rupture and plant cell invasion. Moreover, the Nox2-NoxR complex, in
particular, is essential for spatial organization of a hetero-oligomeric septin ring at the appressorium pore, necessary for assembly of a
toroidal F-actin network at the point of penetration peg emergence. We have also demonstrated a direct effect of reactive oxygen species on
F-actin polymerisation and appressorium function. We have investigated the downstream transcriptional consequences of the loss of Nox2
function, by global transcriptional profiling, and have also determined the physical interactions that occur via the Nox2 complex. We have
also demonstrated how Nox2 acts directly at the appressorium pore during its re-polarisation.

Roles of protective pigments in oxidative stress responses of the rock-inhabiting model fungus Knufia petricola A95. Nicole Knabe',
Anna Gorbushina®?. 1) BAM - Federal Institute for Materials Research & Testing, Department 4.1 (Biodeterioration and Reference
Organisms) Berlin, Germany; 2) Freie Universitat Berlin, Department of Biology, Chemistry and Pharmacy & Department of Earth
Sciences, Berlin, Germany.

Rock-inhabiting microcolonial fungi (MCF) are able to colonise barren surfaces in almost every environment and are unequalled among
eukaryotes in their ability to withstand extreme environmental conditions. Protective pigments, like melanin and carotenoids, have been
proven to contribute to this unique robustness. An excellent model system to investigate the involvement of pigments in stress response and
DNA repair is the MCF Knufia petricola strain A95. This non-pathogenic fungus possesses all characteristic features of MCF, including
meristematic growth, melaninised cell-walls and extensive secondary metabolite production. This study is focusing on K. petricola
responses to oxidative stress - one of the most significant environmental challenges encountered by MCF. The exact role of pigments and
especially the interplay between carotenoids and melanin in the oxidative stress response is studied in wild type cells and constructed
pigment knock-out mutants. Deletion of polyketide synthase in K. petricola (APKS) leads to a complete loss of melanin, phenotypically
revealing the carotenoids which are normally hidden beneath the melanised cell wall. In scytalone dehydratase mutants (ASDH) the
melanin synthesis pathway is not disrupted completely and the colonies appear darker than APKS. Additionally in ASDH phenotype
precursors of DHN-melanin diffuse into the media causing the reddish-brown staining of the agar. In comparison to the wildtype strain,
treatment of both melanin mutant strains with the oxidative agent H,O, (up to 30 mM) shows no dose-dependent growth reduction. This
indicates a relevant influence of the carotenoid pigments which has to be proven in further experiments. Comparative gene expression
analyses concentrate on genes which are especially regulated under oxidative stress conditions and will help to elucidate mechanisms of
cell wall maturation and oxidative stress defence strategies.
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Identification and characterization of a NADPH oxidase target in Fusarium graminearum. Salima Chatur'?, Manisha Joshi®, Chris
Rampitsch®, Li Wang', Gopal Subramaniam®. 1) AAFC 960 Carling Avenue Ottawa, ON Canada K1A 0C6; 2) Carleton University
Department of Biology 1125 Colonel By Drive Ottawa, ON Canada K1S 5B6; 3) AAFC 101 Route 100 Morden, MB Canada R6M 1Y5.

F. graminearum is a fungal plant pathogen that causes Fusarium Head Blight (FHB) on important food and feed cereal crops including
wheat, maize and barley. It is ranked as a major global plant pathogen causing significant yield reduction resulting in economic losses.
Earlier study identified distinct roles for NADPH oxidase (NOX) genes in F. graminearum. NOX enzymes generate reactive oxygen
species (ROS) including hydrogen peroxide (H,O,), which are important in signal transduction. The study indicated that while AnoxA
strain has reduced superoxide production and is unable to develop sexual fruiting bodies and ascospores, the AnoxA/B double mutant has
reduced pathogenicity on wheat. To elucidate the mechanism of NOX enzymes, an LC-MS approach was used to examine redox changes in
the AnoxA/B proteome compared to wild-type F. graminearum strain. Samples were enriched for redox sensitive cysteine residue(s) and
candidate proteins were identified via shotgun (gel free) linear ion trap mass spectrometery. Deletion analyses and overexpression of one of
the candidate genes with modified cysteine residues confirmed that it is likely a genuine substrate of the NOX enzyme complex. Deletion
of Fg10089 as well as modification of this cysteine residue results in reduced virulence on wheat. However, no differences in the
production of 15-A deoxynivalenol in culture is observed. The further characterization of this protein and its contribution to
F.graminearum physiology and function will be examined.

The NADPH oxidase complex in Botrytis cinerea - New functions, members and the potential link to essential ER functions. Robert
Marschall, Ulrike Siegmund, Paul Tudzynski. Institute of Plant Biology, University of Miinster, Miinster, Germany.

Reactive oxygen species (ROS) are produced in conserved cellular processes either as byproducts of the cellular respiration in
mitochondria or as a support for defense mechanisms, signaling cascades or cell homeostasis. Their most common enzymatic producers are
NADPH oxidases (Nox). In fungi several subunits of these complexes have been identified and were shown to be involved in sexual
differentiation, pathogenicity and therewith in plant-fungi interactions.

Botrytis cinerea, also known as the gray mold fungus, is a necrotrophic plant pathogen with a broad host spectrum containing
economically important crops like tomatoes and grapes. In this phytopathogenic fungus two NADPH oxidase isoforms (BcNoxA and
BcNoxB) as well as their putative regulator (BcNoxR) were previously identified (Segmueller et al., 2008). For B. cinerea recently a new
component was identified. The putative ER protein BcNoxD interacts directly with BcNoxA, and therewith presents for the first time a
direct interaction between the catalytic subunits of the Nox-complex and other cellular components in fungi.

Deletion mutants of BcNoxA and BecNoxD display an identical phenotype regarding pathogenicity, sclerotia and conidia formation.
Interestingly, both proteins seems to be not essential for the production of superoxide, since it was shown by the use of a new ROS
detection agent, that the knock out has no effect on external ROS levels and superoxide production during the penetration of onion
epidermal layers. Complementation studies revealed functions of the catalytic subunit BcNoxA inside the ER. Putative effects on the redox
state can be displayed by the redox sensitive biosensor ROGFP2 as an efficient tool for the measurement of redox state changes (Heller et
al., 2012).

Heller J, Meyer AJ, Tudzynski P (2012) Mol Plant Pathol. 13(8):935-47
Segmueller N. et al., (2008) Mol Plant Microbe Interact 21: 808-808-819.

Two new redox signaling proteins from Podospora anserina. P. Silar, H. Lalucque, F. Malagnac, P. Grognet, L. Chan Ho Tong. LIED,
Univ Paris Diderot, Paris, France.

The genetic analysis of the cell degeneration Crippled Growth (CG) of Podospora anserina has been invaluable in the deciphering of the
regulatory network controlling the entry into stationary phase, which include pigment, aerial hyphae and anastomosis formation, as well as
proper set up of fruiting. Indeed, CG seems to stem from its misactivation in actively growing apices. Among the genes identified as crucial
in the proper set up of CG and stationary phase are the MAP Kinase pathways PaMpk1 and PaMpk2, as well as the NADPH oxidase
PaNox1. How the superoxide-generating PaNox1 is able to activate the MAP kinases is still not understood. Though a genetic screen we
identified two genes that could encode proteins connecting these two components of the network. I will present what we know about these
two genes and how they could act in the signaling pathway.
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Saturday, March 21 2:00 PM-5:00 PM
Nautilus

Surface Growth in Filamentous Fungi and Yeast
Co-chairs: Peter Philippsen and Meritxell Riquelme

Function of the yeast exocyst complex in cell growth and division. Mary Munson®, Margaret Heider!, Mingyu Gu®, Caroline Duffy",
Zhanna Hakhverdyan?, Michael Rout?, Adam Frost®*. 1) UMass Medical School, Worcester, MA; 2) The Rockefeller University, New
York, NY; 3) University of California, San Francisco, CA; 4) University of Utah, Salt Lake City, UT.

Eukaryotic cells are crowded with membrane-bound vesicles that transport cargo between subcellular organelles, and to the plasma
membrane for secretion. Mutations in proteins that regulate exocytosis result in accumulation of secretory vesicles that do not fuse, and
defects in cell growth and division. Highly conserved machinery has evolved for spatial and temporal control of this multitude of
membrane fusion events, but the molecular details of these processes are not well understood. SNARE proteins are core components of the
membrane fusion machinery, and regulation of the SNAREs is crucial for the precise specificity and timing of fusion. Several protein
families are critical for SNARE regulation, including large multisubunit tethering complexes, such as the exocyst complex at the plasma
membrane. The exocyst is essential for cellular growth, secretion and endocytosis. It is a hetero-octameric protein complex localized to
sites of secretion on the plasma membrane, where it is thought to function in quality control through specific tethering of secretory vesicles.
Our earlier genetic, biochemical and phenotypic studies in Saccharomyces cerevisiae indicate functional cooperation between the exocyst
complex, SNAREs, and the SNARE regulatory protein Secl to regulate the specificity and timing of SNARE complex assembly and
membrane fusion. Further studies of the exocyst architecture and interactions with binding partners are facilitated by our recently
developed purification strategy for obtaining native, intact yeast exocyst complexes. We are investigating its structure and stoichiometry
using several approaches, including biochemical, genetic and proteolytic disruptions of the complex, mass spectrometry, chemical
crosslinking, and binding studies with recombinant partners. By altering solution conditions or degrading specific subunits, we can purify
novel exocyst subcomplexes that are likely to be important for assembly and function. Moreover, negative stain electron microscopy
reveals our first view of the overall structure of the intact yeast exocyst complex.

Plasma membrane and cell wall expansion in Neurospora crassa hyphae. Meritxell Riquelme®, Eddy Sanchez-Le6n?, Robert
Roberson?, Salomon Bartnicki-Garcia®, Gerhard Gierz®. 1) Department of Microbiology, CICESE, Ensenada, Baja California, 22860,
Mexico; 2) School of Life Sciences, Arizona State University, Tempe, Arizona 85287, USA, 3) Department of Mathematics, University of
California, Riverside, California 92521-0122, USA.

Fungal hyphae extend by tip growth, a mechanism that involves localized expansion of the plasma membrane and the cell wall. This
process encompasses the polarized delivery of vesicles containing cell wall biosynthetic enzymes (CWBE) and/or precursors that will
contribute to build new cell wall at the apex. In Neurospora crassa, before fusing with the plasma membrane, vesicles carrying CWBE
concentrate at hyphal apices in a highly organized structure, the Spitzenkorper (Spk). We have found microvesicles (= 32 nm) containing
chitin synthases (chitosomes) at the core of the Spk, whereas macrovesicles (= 83 nm) with B-1,3-glucan synthase activity occupy the outer
layer of the Spk. Small Rab GTPases in their GTP-bound active state interact with the membrane of the vesicles and promote their
association with tethering factors, before they fuse with a target membrane. In a mass spectrometry analysis of proteins that co-
immunoprecipitated with CHS-1, CHS-4 and CHS-5, we identified YPT-1/Rabl, a Rab GTPase that regulates different secretory pathway
steps in Saccharomyces cerevisiae. In N. crassa fluorescently tagged YPT-1 was found at early and late Golgi cisternae, and also at the
microvesicular core of the Spk. In contrast SEC-4/Rab8 and YPT-31/Rab11 occupied the Spk macrovesicular peripheral layer, suggesting
that the traffic and positioning of macrovesicles and microvesicles at the Spk is differentially regulated by distinct Rabs. FRAP analysis of
the Rab GTPases and the CWBE at the Spk revealed low half-time recovery (ty,,) values, indicating the existence of high rates of vesicles
flowing into and out of the Spk, which maintains a steady state. The t,, values found for Rabs (10-16 s) were lower than those for CWBE
(21-32 s), suggesting a transient association of Rabs with the secretory vesicles. The data acquired experimentally is being used to test
earlier predictions of vesicle flow rates needed to maintain the hyphal growth rates observed in N. crassa.

Maintenance of active directional growth by continual assembly and disassembly of polarity sites. Norio Takeshita. Dept. of
Microbiology, Karlsruhe Institute of Technology, Karlsruhe, Germany.

Polar cell extension depends on spatially defined insertion of new materials controlled by a group of cell-end marker proteins that are
concentrated at the plasma membrane. In filamentous fungus Aspergillus nidulans , hyphal tips extend with speeds of 0.3-1.0 um/min,
requiring high frequency of exocytosis events (400-2000 vesicles/min). Here, the cell-end marker protein TeaR in A. nidulans is used to
investigate the maintenance of polarized growth in the midst of rapid influx of vesicles by using a combination of fluorescence microscopy,
a super-resolution microscopy technique (PALM) and computational modelling. We report that TeaR cluster is spatially dynamic and
transiently stable. Accumulated TeaR triggers downstream processes of actin polymerization and active exocytosis, which results in
localised cell extension and TeaR dispersion along the membrane. The reestablishment of polarity is driven by microtubules. These
findings suggest a cyclic mechanism by which TeaR polarity is assembled and disassembled repeatedly to maintain polarity despite
massive membrane flow.
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Functional domains of the developmental regulator FIbB mediate the tip-to-nucleus communication in Aspergillus nidulans
vegetative hyphae. Erika Herrero-Garcia?, Elixabet Perez de Naclares-Arregui®, Marc S. Cortese®, Ane Markina-Ifiarrairaegui’, Qier
Etxebeste®, Eduardo A. Espeso?, Unai O. Ugalde®. 1) Biochemistry I Lab., Dept. of Applied Chemistry, The University of The Basque
Country, 20018, San Sebastian, Gipuzkoa, Spain; 2) Department of Cellular and Molecular Biology, Centro de Investigaciones Bioldgicas
(CSIC), Ramiro de Maeztu 9, 28040 Madrid, Spain.

Polar cells have developed multiple mechanisms to convey environmental signals from the polarity site to the nucleus and induce the
appropriate cellular response. These mechanisms include transcription factors located at the polarity site, such as FIbB, which signals
asexual development in vegetative hyphae of the filamentous fungus Aspergillus nidulans. FIbB is detected at the tip and apical (but not
distal) nuclei, and understanding the relationship between these pools is crucial for the elucidation of the mechanisms that induce
conidiation. Photo-convertible tagging with Dendra2 demonstrated a directionality of FIbB movement from the tip to nuclei, in a process
that required an N-terminally located nuclear localization signal. Tip localization of a constitutively expressed GFP::FIbB chimera was
abolished in the null mutant of its apical interactor FIbE, while the nuclear pool was increased. The aconidial phenotype of this strain
demonstrated that tip processing of FIbB is a prerequisite for the induction of conidiation in nuclei. The bZIP domain of FIbB is essential
and sufficient to enable the interaction with FIbE. However, the retention of FIbB at the tip also requires the C-terminal domain, since the
substitution of the cysteine 382 by an alanine disrupted the apical localization. Overall, these findings demonstrate that fungal-specific
adaptors and the establishment of a specific three dimensional conformation are key requirements for the apical localization of FIbB and
demonstrate that nuclei are asymmetrically fed with a transcriptionally active pool originating at the tip.

Coordination between receptors, adaptors and the actin machinery at endocytic sites. Yidi Sun, David Drubin. University of
California at Berkeley, Department of Molecular and Cell Biology.

Clathrin-mediated endocytosis can be divided into at least three steps of membrane remodeling: site initiation, vesicle budding and
vesicle scission. Live cell imaging studies revealed that over 60 highly conserved proteins sequentially appear at endocytic sites in both
budding yeast (Saccharomyces cerevisiae) and mammalian cells. Recent studies determined the precise localization of each endocytic
protein along the invaginated endocytic membrane. Using this information, yeast endocytic proteins are classified into several modules:
the early module, early coat module, coat module, WASP/MYOSIN module, actin module and amphiphysin module. The yeast endocyotic
internalization process can be more simply divided into two stages, which are the early phase and the late phase. The proteins recruited
during the early phase (including mostly early module and early coat module proteins) generally show longer and irregular life-times, while
the proteins initiated at the late phase (including coat module, WASP/MYOSIN module, actin module and amphiphysin module proteins)
show shorter and more regular life-times. The early phase proteins are believed to function in determining endocytic site location and in
cargo recruitment. Many of the late phase proteins function in regulating the endocytic actin machinery, which is essential for endocytic
vesicle formation in yeast and some types of mammalian cells. In budding yeast, Eps15-like proteins (Panl and End3) and a CIN85-like
protein (Slal) proteins arrive at the junction of the early and late phases, coincidently with arrival of the WASP (Las17) actin assembly
regulator. Previous in vitro studies suggest that Panl, End3 and Slal interact with each other and form a heterotrimeric complex. Panl and
End3 are essential for cell growth and endocytic vesicle formation, respectively. However, the precise roles of these two proteins remained
to be addressed. We used live cell imaging in parallel with genetics and biochemistry to investigate how Pan1, End3 and Slal are involved
in endocytosis. Our results suggest a mechanism for how recruitment and activity of receptors (and cargo), adaptors and the actin
machinery are coordinated at endocytic sites by Panl, End3, and Slal.

Polar growth and endocytosis in Ashbya gossypii. Doris Nordmann®, Kumiko Masai?, Peter Philippsen?, Hans-Peter Schmitz®. 1)
Department of Biology, University Osnabriick, Germany; 2) Biozentrum, University of Basel, Switzerland.

Polar surface expansion at the tip of hyphae is still poorly understood. Studies in several filamentous fungi have shown a spacial
separation of exocytosis at the front of hyphal tips and endocytosis at the rim of hyphal tips. We and others hypothesized that polarity
factors, exocyst components, and excess of membranes have to be internalized by endocytosis adjacent to the zone of extensive vesicle
fusions in hyphal tips in order to maintain polar growth. We study endocytosis in A. gossypii which, based on its genome, is closely related
to budding yeast but grows exclusively as multinucleated hyphae with up to 40 times faster surface growth rate compared to budding yeast.
A comparative study of endocytic components in both organisms could therefore reveal essential hints to explain the differences in polar
growth efficiency. In addition, it is very convenient that actin patches, which mark sites of endocytosis, can be stained in both organisms
with Phalloidin, and that targeted gene manipulations work as efficiently in A. gossypii as in yeast. We could demonstrate that a
streamlined endocytic process is essential for fast polar surface expansion in A. gossypii. Hyphal growth rates are decreased in 16 of 20
deletion mutants of endocytic genes. The other four deletions were lethal. The genes were selected from the 4 phases of endocytosis
defined in yeast (Kaksonen and Drubin 2003, 2005). Null mutants of the yeast orthologs do not show the same pattern of reduced
growth/lethality. In some of the slow growing A. gossypii mutants, the zone of endocytosis was no longer localized at the rim of hyphal
tips. Next we investigated whether the faster surface growth potential of A. gossypii is reflected by faster endocytic events or by a higher
density of endocytic events compared to yeast. Using Live-cell imaging Microscopy together with TIRF we monitored 9 fluorescently-
labeled endocytic proteins in A. gossypii and found that some endocytic steps proceed up to 10 times faster as in yeast. Also, the number of
endocytic events per square micrometer is significantly increased in A. gossypii. Finally, we tried to find an answer to the question why A.
gossypii is lacking an ortholog of the important endocytic yeast gene SLA2.
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Depletion of the mitotic kinase Cdc5p in Candida albicans results in the formation of elongated buds that switch to the hyphal fate
over time in a Ume6p-dependent manner. Amandeep Glory®, Chloé Triplet van Oostende?, Anja Geitmann?, Catherine Bachewich®. 1)
Biology Department, Concordia University, Montreal, Quebec, Canada; 2) Institut de recherche en biologie végétale, Université de
Montréal, Montreal QC, Canada.

The fungal pathogen Candida albicans differentiates between yeast, hyphae and pseudohyphae in order to enhance survival in the human
host. Environmental cues induce hyphal development and expression of hyphal-specific genes. C. albicans can also form filaments in
response to yeast cell cycle arrest, in the absence of environmental cues, but the nature of these cells and their mechanisms of formation are
less clear. We previously demonstrated that depletion of the mitotic polo-like kinase Cdc5p resulted in the production of filaments under
yeast growth conditions that were distinct from hyphae with respect to several criteria, yet maintained polarized growth and expressed
hyphal-specific genes at later stages of development. In order to clarify the nature of these growth forms and their relationship to true
hyphae, we conducted time course-based investigations of aspects of the polar growth machinery, which can help distinguish cell types. In
Cdc5p-depleted cells, the Cdc42p GAP Rga2p became hyper-phosphorylated, as in true hyphae, but this was observed at only later stages
of CDC5 repression. Further, the hyphal-specific genes HWP1, UME6 and HGC1 were strongly induced at approximately the same time
as Rga2p phosphorylation.  The tips of some later-stage filaments also demonstrated the hyphal-specific Spitzenkorper-like localization of
the myosin light chain Mlclp. HWP1 expression was dependent on Ume6p, and absence of Ume6p or Hgclp influenced late-stage
filament diameter and integrity. Finally, polarized growth and UME6 expression in Cdc5p-depleted cells were independent of the
transcription factor Hmslp. Thus, depleting Cdc5p may generate elongated yeast buds that switch to the hyphal fate over time through a
mechanism that involves UMES induction, possibly in response to maintenance of polarized growth. The results expand on the multiple
strategies with which C. albicans can modulate growth mode and expression of virulence determinants.

Assessing the role of exocytosis and endocytosis in fungal morphogenesis. Salomon Bartnicki-Garcia, Fernando Lara-Rojas, Rosa
Mourino-Perez. Dept Microbiology, CICESE, Ensenada, Mexico.

The involvement of vesicles in the growth of fungal hyphae is well established but the complexity of the process leaves many
unanswered questions. Whereas exocytosis is directly responsible for the growth of the cell wall and plasma membrane, the exact role of
endocytosis has yet to be clearly defined. It is commonly assumed that exocytosis creates an excess of plasma membrane and thus the need
for removal by endocytosis. This excess seems to be caused by the greater number of vesicles required for cell wall extension and
extracellular enzyme secretion over the amount necessary for just plasma membrane extension. The highly localized processes of
exocytosis (hyphal apex) and endocytosis (subapical collar) can be seen in living cells by following actin dynamics with Lifeact tagged
hyphae. Estimates of membrane flow between exocytosis and endocytosis are difficult to calculate given the absence of reliable values for
some critical parameters. Nevertheless, we have developed an interacting spreadsheet to examine the interplay of parameters for which
actual data exist such as growth rate, cell shape and size, wall thickness and vesicle size. But in the absence of factual data for other critical
factors such as amount of wall generated by each exocytic discharge, relative contribution of macro- vs. microvesicles, proportion of pre-
formed cell wall vs. polymer synthesized in situ, and vesicle load destined for extracellular secretion vs wall formation, we
have embodied them into a single factor: “vesicle packing efficiency”. Accordingly, using the best estimates for critical parameters, an
excess of plasma membrane was always produced from exocytosis in a simulated hypha of Neurospora crassa. Experimental
measurements of endocytosis were attempted by photobleaching the subapical endocytic collar of hyphae of N. crassa tagged with
endocytic reporters fimbrin-GFP or coronin-GFP. The transient appearance of fluorescent patches, each indicative of an endocytic event,
was monitored by confocal microscopy. Based on an estimated range of 50 - 80 nm for the diameter of endocytic vesicles, we recorded
values indicating that 5to 19% of the exocytosed membrane was endocytosed.
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Biochemistry and Metabolism

1. Biochemical characterization of a mitochondrial nicotinamide adenine dinucleotide carrier in Aspergillus fumigatus. L.L.L.
Balico®, F.G. Cardoso?, S. Suzuki?, E.S. Santos®, S.A. Uyemura®. 1) FCFRP - USP, Ribeir&o Preto, Brazil; 2) FMRP - USP, Ribeiro Preto,
Brazil.

Aspergillus fumigatus is a saprophytic fungus and a major opportunistic pathogen in immunosuppressed patients. Our laboratory has
previously shown that NAD* induces the formation of a membrane potential in A. fumigatus mitochondria, which could be dissipated by
FCCP. This result suggested the presence of a NAD*/NADH carrier in this fungus, as described in S. cerevisiae. Using bioinformatics
tools, we were able to identify at the Aspergillus Genome Database, a sequence with 32% identity with ndt1 gene from S. cerevisiae. In
order to understand its function, that sequence from A. fumigatus was cloned and expressed in an eukaryotic model (S. cerevisiae). A
cDNA fragment was amplified from the ndt1 mRNA sequence and cloned in pGEM®-T Easy vector. For expression in S. cerevisiae, this
sequence was subcloned in pYES2 vector and used to transform a S. cerevisiae AndtlAndt2 strain. Recombinant protein expression was
induced and after 16 hours it was detected by Western Blotting using a polyclonal anti-Ndt1 antibody. The growth curve in fermentable
medium showed that the double mutant strain (control) grows in a slower rate compared to that strain expressing the recombinant protein.
Mitochondria isolated from both strains were subjected to measurement of membrane potential and showed coupling between substrate
oxidation and oxidative phosphorylation. Furthermore, NAD" induced a higher membrane potential in the strain expressing the
recombinant protein than in control strain. Also, NAD™ transport was evaluated by measurement of NADH fluorescence. Ndt1 expressing
strain showed an increase in NADH fluorescence, indicating that NAD™ was able to enter the mitochondrial matrix and reduced to NADH.
Our results confirm the activity of Ndt1 as a mitochondrial nicotinamide adenine dinucleotide carrier.

Support by FAPESP and CNPq.

2. The proteinogenic and non proteinogenic function of histidine in Aspergillus fumigatus. Anna-Maria Dietl*, Nicola Beckmann,
Ulrike Binder?, Jorge Amich®, Sixto Leal®, Eric Pearlman®, Hubertus Haas'. 1) Division of Molecular Biology, Medical University
Innsbruck, Tyrol, Austria; 2) Division of Hygiene and Medical Microbiology, Medical University Innsbruck, Tyrol, Austria; 3) Medical
University Wiirzburg, Germany; 4) Case Western Reserve University, Ohio, United States of America.

Aspergillus fumigatus is the most prevalent airborne fungal pathogen causing invasive fungal infections in immunosuppressed
individuals. Limitations in antifungal therapy arise from non-specific symptoms of infection, poor diagnostics and comparatively few
options for treatment. Novel antifungal therapy approaches target fungal-specific pathways that are essential for virulence. One potential
example is the biosynthesis of the essential amino acid histidine. Bacteria, plants und fungi produce histidine via a highly conserved
pathway, in A. fumigatus encoded by eight genes. In contrast, animals and humans do not synthesize histidine and satisfy their demand via
nutritional uptake. Here we demonstrate that lack of histidine biosynthesis due to genetic abrogation of the gene encoding
imidazoleglycerol-phosphate dehydratase (HisB) causes histidine auxotrophy and virulence attenuation in four virulence models: Galleria
mellonella, murine pulmonary aspergillosis, murine systemic infection and murine keratitis. In agreement with the in vivo importance of
histidine biosynthesis, the HisB inhibitor 3-amino-1,2,4-triazol (3-AT) reduced the virulence of the A. fumigatus wildtype in Galleria
mellonella. In line with a crucial role of histidine in cellular handling of metals due to its chelator activity, HisB-deficiency decreased the
resistance of A. fumigatus to a variety of metals including iron, zinc, nickel, cobalt, copper and manganese. Taken together, this study
reveals (i) limited histidine availability in different A. fumigatus host niches and (ii) the histidine biosynthetic pathway as target for novel
antifungal therapy approaches.

3. Fumigatin-oxide production by Aspergillus fumigatus is regulated by iron availability and temperature involving the
transcription factors HapX and SrbA. Beatrix E. Lechner®, Ernst R. Werner?, Markus A. Keller?, Kirstin Scherlach®, Falk Hillmann?,
Hubertus Haas®. 1) Division of Molecular Biology, Innsbruck Medical University, Innsbruck, Austria; 2) Division of Biological Chemistry,
Innsbruck Medical University, Innsbruck, Austria; 3) Department of Biomolecular Chemistry, HKI, Jena, Germany; 4) Department of
Molecular and Applied Microbiology, HKI, Jena, Germany.

Iron is an essential metal for the metabolism of virtually all species. For the opportunistic fungal pathogen Aspergillus fumigatus,
adaptation to iron starvation has been shown to be an essential virulence determinant. Here we found that in A. fumigatus liquid cultures,
iron starvation induces the secretion of a yellow pigment optimally at 20-25°C, but not at 37°C, within 48-72 h of growth. In contrast,
starvation for nitrogen, carbon, phosphate or other metals such as copper or zinc did not trigger production of this extracellular pigment.
Deficiency in HapX or SrbA, the master regulators for adaptation to iron starvation and secondary metabolism, respectively, impaired
biosynthesis of the pigment. In contrast to A. fumigatus, Aspergillus nidulans, Aspergillus terreus or Penicillium chrysogenum were not
found to synthesize this pigment. The pigment was purified by solid phase extraction and reversed-phase HPLC separations. High-
resolution mass spectrometry revealed a molecular mass of 183.0297 corresponding to the chemical formula of CgHgOs. 1H-NMR together
with the photosensitivity and the pH dependence of UV absorption spectra identified the compound as fumigatin-oxide. The aromatic,
maroon-colored metabolite fumigatin, showing antibiotic activity against bacteria and toxicity against animals as well as anti-inflammatory
activity, was first isolated from A. fumigatus culture media in 1938. Subsequently, fumigatin and its derivatives were detected by mass
spectrometry in various A. fumigatus isolates but the biosynthetic pathway for fumigatin biosynthesis remains to be elucidated. This study
represents the first characterization of the regulation of fumigatin production and emphasizes the impact of iron availability on fungal
secondary metabolism.
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4. The MFS transporter gene in GT biosynthetic cluster is necessary for GT secretion and protection. Elizabeth Smith, Stephen
Hammel, Sean Doyle, Grainne O' Keeffe, Gary Jones. Department of Biology, Maynooth University, Maynooth, Co. Kildare, Ireland.
Gliotoxin is a non ribosomally synthesized metabolite, secreted by Aspergillus fumigatus. It is
an epipolythiodioxopiperazine (ETP) which is characterised by an intramolecular disulphide bridge. The gli gene cluster is comprised of
thirteen genes which are involved in aspects of gliotoxin biosynthesis and self-protection. The cluster includes gliA (CADRE locus
identifier: AFUA_ 6G09710), a gene which is predicted to encode a transmembrane gliotoxin efflux pump, which is a member of the Major
Facilitator Superfamily (MFS). A. fumigatus also secretes an inactive bis-S-methylated form of gliotoxin (BmGT). The role of gliA in the
biosynthesis and secretion of gliotoxin by A. fumigatus is unknown, however a previous study in which the sirA gene, an ortholog of gliA,
from Leptosphaeria maculans was deleted, resulted in increased sensitivity to both gliotoxin and sirodesmin, and also an increase the
secretion of sirodesmin from L. maculans. Deletion of gliA was undertaken in A. fumigatus ATCC26933, previously shown to produce
gliotoxin at high levels, using a split marker strategy and acquisition of pyrithiamine resistance. Both Southern and gRT-PCR analysis
confirmed deletion of gliA and absence of gliA expression in A. fumigatus AgliA®°®, respectively. Deletion of gliA completely abolished
gliotoxin secretion, as determined by both RP-HPLC and LC-MS analysis, compared to that from A. fumigatus ATCC26933. Interestingly,
secretion of the gliotoxin derivative, BmGT was not inhibited, indeed, there was a significant increase in the levels of BmGT secreted by A.
fumigatus AgliA?%%*® compared to wild type between 48-96 h growth (p < 0.001). Exposure of A. fumigatus AgliA?%®* to exogenous
gliotoxin revealed a significantly (p < 0.001) sensitive phenotype, compared to wild type. These results strongly suggest a role for gliA in
the secretion of endogenously produced gliotoxin, but not bis-methyl gliotoxin, and that gliA functionality is necessary to protect against
exogenous gliotoxin.

5. Commonalities and partial redundancy of two LaeA- and BrlA-regulated conidial polyketide metabolites in A. fumigatus. Kurt
Throckmorton®, Fang Yun Lim?, Dimitrios Kontoyiannis®, Weifa Zheng*, Nancy Keller. 1) Department of Genetics, University of
Wisconsin-Madison, Madison, WI; 2) Department of Medical Microbiology and Immunology, University of Wisconsin-Madison, Madison,
WI; 3) MD Anderson Cancer Center, University of Texas, Houston, TX; 4) Key Laboratory for Biotechnology, Jiangsu Normal University,
Xuzhou, China.

The opportunistic human pathogen Aspergillus fumigatus produces many secondary metabolites, some of which are immunomodulatory
or toxic and are thought to contribute to its virulence. Two such secondary metabolites, trypacidin and endocrocin, are both produced by
non-reducing polyketide synthases, and are localized to the conidium of A. fumigatus, requiring LaeA and BrlA for their synthesis.
Furthermore, they are predicted to share an early precursor, atrochrysone carboxylic acid, and are both thermally regulated, being produced
at lower levels at higher temperatures. In an isolate of A. fumigatus which does not produce trypacidin, CEA10, deletion of the endocrocin
polyketide synthase results in loss of endocrocin. However, in an isolate which produces trypacidin, AF293, the same deletion does not
affect production of endocrocin. Genetic dissection of the biosynthetic pathways of these metabolites suggests that endocrocin is produced
by both of these physically discrete clusters. This redundancy is of uncertain adaptive advantage, but is the first example of its kind.

6. Multiple phosphatases regulate carbon source dependent germination and primary metabolism in Aspergillus nidulans. Leandro
Assis®, Laure Ries, Marcela Savoldi*, Taisa Dinamarco®, Neil Brown®, Gustavo Goldman*?. 1) Molecular Biology, FCFRP - USP,
Ribeirdo Preto, Sao Paulo, Brazil; 2) Lab. Nacional de Tecnologia do Bioetanol, CTBE-CNPEM, Campinas, Sdo Paulo, Brazil.

The morphological and biochemical transition from dormant conidia into active, growing, filamentous hyphae requires the coordination
of numerous biosynthetic, developmental and metabolic processes. The present study demonstrated the diversity of roles performed by
seven phosphatases in Aspergillus nidulans. Seven NPP (non-essential protein phosphatases) null mutants were shown to be unable to grow
directly on glucose, xylose, glycerol, ethanol and acetate as sole carbon sources, but were able to grow directly on hydrolyzed casein (CA)
or tributyrin and media containing both CA and glucose. This suggested that the seven NPP mutants possessed defects in the sensing and/or
metabolism of carbon sources which entered primary carbon metabolism, but were able to grow on amino acids and lipids, which entered
primary carbon metabolism as TCA cycle intermediates. The impact of seven NPP in the glucose-dependent breaking of conidial dormancy
and produce isotropic growth in glucose containing media was assessed. One mutant was unable to induce swelling suggesting a major
defect in the detection of glucose, while three mutants also demonstrated a significant reduction in conidial swelling. Another three mutants
showed a significant increase in conidial swelling (>75%) and were therefore unlikely to possess major defects in glucose detection.
Mapping the block in glucose metabolism reveals TCA cycle defects. The NPP mutants were able to utilize amino acids which acted as
precursors for pyruvate, succinyl-CoA, fumarate and oxalacetate, but were unable to utilize amino acid precursors for acetyl-CoA or a-
ketoglutarate. This suggested that the block in glucose metabolism was in the oxidative decarboxylation of a-ketoglutarate to succinyl-
CoA. These novel insights into the fundamental roles of numerous phosphatases in germination and carbon sensing have provided new
avenues of research into the identification of inhibitors of fungal germination, with implications for the food, feed and pharmaceutical
industries.

7. Lactose transport in Aspergillus nidulans: Identification and expression of a second permease gene. Erzsébet Fekete, Anita Orosz,
Laszlé Kulcsar, Michel Flipphi, Levente Karaffa. Biochemical Engineering, University of Debrecen, Debrecen, Hungary.

Lactose (milk sugar) is the main carbohydrate in whey, an abundant high-energy dairy residue. Yet, for most micro-organisms that can
convert it (into glucose and galactose), it is a gratuitous carbon source that is slowly assimilated. To optimalise fermentation processes that
use whey residue, and to further its use in second-generation biofuel generation and its removal from contaminated soil and water
(bioremediation), we study lactose catabolism in the industrial cell factory Penicillium chrysogenum and the genetic model Aspergillus
nidulans, a soil-borne saprophyte. Recently, we characterised the lactose permease LacpA, responsible for a considerable part of the
prevalent uptake in A. nidulans, and showed that uptake rather than hydrolysis is the limiting step in its lactose catabolism (1). We now
have identified a second physiologically relevant lactose transporter, LacpB. Glycerol-grown mycelia from mutants deleted for both lacpA
and lacpB only appear to take up minute amounts of lactose. Moreover, mycelia of the double deletant strains appear unable to produce
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new bhiomass from lactose. Although transcription of both lacp genes was strongly induced by lactose in pregrown wild-type mycelia, their
inducer profiles differ markedly. lacpB responded also strongly to beta-linked glucopyranose dimers, cellobiose and sophorose, while these
inducers of the cellulolytic system did not provoke any lacpA response. Nevertheless, lacpA/B double mutants grew like wild type on
cellobiose which suggests that, in contrast to the situation with lactose, efficient cellobiose uptake in A. nidulans is mediated by third
systems that make lacpB functionally redundant. We shall also report on currently ongoing studies with single lacpB deletion mutants and
on the interplay of the inductory circuits that allow uptake and assimilation of lactose.

(1) Fekete et al., Fungal Genet Biol 49: 215-225.

Acknowledgement: This research was supported by the EU and co-financed by the European Social Fund under the project ENVIKUT
(TAMOP-4.2.2.A-11/1/KONV-2012-0043), and by the Hungarian Scientific Research Fund (OTKA Grant K1006600).

8. Aspergillus nidulans as cell factory for production of mycophenolic acid. Zofia D. Jarczynska’, Jakob B. Nielsen’, Freja Aasted’,
Dorte M. K. Holm?, Kiran R. Patil?, Kristian F. Nielsen®, Uffe H. Mortensen®. 1) Systems Biology, DTU, Kgs. Lyngby, Denmark; 2)
Novozymes A/S, Denmark; 3) European Molecular Biology Laboratory, Heidelberg, Germany.

Filamentous fungi are well-known producers of a wide range of valuable secondary metabolites (SMs), which can be advantageously
exploited e.g. in pharmaceutical industry. One of the most prominent examples is mycophenolic acid (MPA), an immunosuppressant
molecule that inhibits inosine-5’-monophosphate dehydrogenase (IMPDH). IMPDH catalyzes the rate limiting step in the guanine
nucleotide synthesis in B- and T-lymphocytes. Recent studies have successfully identified the gene cluster, coding for the MPA synthesis,
in Penicillium brevicompactum. Moreover, it has been demonstrated that two first steps in MPA production are catalysed, respectively, by
polyketide synthase (PKS), MpaC, producing 5-methylorsellinic acid (5-MOA), and MpaDE, which strikingly is a natural fusion enzyme
catalysing the production of 5,7-dihydroxy-4-methylphtalide (DHMP). Additionally, mpaF has been characterized as IMPDH-encoding
gene which confers the resistance to MPA. In order to characterize the remaining part of the MPA biosynthetic pathway, we have
heterologously expressed the mpa cluster genes in a stepwise manner in Aspergillus nidulans. We have demonstrated that MpaA possesses
prenyl transferase activity and catalyzes the conversion from DHMP to 6-farnesyl-5,7-dihydroxy-4-methylphtalide (FDHMP). To our
surprise, this strain was also able to produce demethyl-MPA, which is the next intermediate in MPA biosynthesis. Interestingly, we have
found two homologs of mpaH in A. nidulans, which is hypothesized to encode the conversion of FDHMP to demethyl-MPA, and we
speculate that one or both of these genes deliver hydrolase activity similar to the one encoded by MpaH. Lastly, we have confirmed that
MpaH and MpaG catalyze the last two enzymatic steps in the biosynthesis of MPA, resulting in the production of demethyl-MPA and
MPA, respectively. In conclusion, we have successfully characterized the full biosynthetic pathway of the top-selling drug, MPA.
Moreover, we have demonstrated that A. nidulans is a suitable cell factory for heterologous production of MPA.

9. Promiscuity runs in the family - Analysis of nidulanins. Jakob B. Nielsen, Andreas Klitgaard, Maria L. Nielsen, Thomas O. Larsen,
Mikael R. Andersen, Kristian F. Nielsen, Uffe H. Mortensen. DTU Systems Biology, Technical University of Denmark, 2800 Kgs.
Lyngby, Denmark.

Non-ribosomal peptides (NRPs) constitute a considerable group of secondary metabolites. These products are synthesized by large
modular enzymes, the non-ribosomal peptide synthetases (NRPS). The selection of the amino acids incorporated in the NRP is decided by
the adenylation domain(s) in the NRPS. The genome of Aspergillus nidulans encodes 14 putative NRPSs, and nearly as many pseudo
NRPSs, NRPS-like enzymes, where some transfer a single amino acid to another moiety. Through gene expression analysis and deletions,
we recently linked production of the prenylated cyclo-tetrapeptide nidulanin A, Phe-Kyn-Val-Val, to the activity of the NRPS AN1242 and
the prenyl transferase AN11080. Through feeding experiments by stable isotope labeled amino acids (SILAAs), we observed that this
particular NRPS is highly promiscuous. At least the two first adenylation domains allow incorporation of more than one type of amino acid
to yield at least 8 other tetrapeptides including fungisporin, not previously described from A. nidulans. Strikingly, analysis of synteny for
the locus of AN1242 in many of the sequenced Aspergillus and Penicillium species revealed extensive homology, among others pesl from
Aspergillus fumigatus and hcpA of Penicillium chrysogenum. This was further verified by UHPLC-qTOFMS that detected fungisporins in
all of 20 Penicillium species as well as 15 Aspergillus species analyzed. This cocktail of tetrapeptides synthetized from one NRPS and the
presence of the gene cluster in so many species is intriguing and points to a central biological function of nidulanins.

10. A biocombinatorial engineering approach for production of novel synthetic natural products. Maria Lund Nielsen, Jakob B.
Nielsen, Uffe H. Mortensen, Mikael R. Andersen, Thomas O. Larsen. Systems Biology, DTU, Kgs. Lyngby, Denmark.

Fungal secondary metabolism is the source of a large number of structurally diverse natural products that hold a wide variety of
biological activities. Many of these compounds are known to possess activities of medical relevance, such as anti-bacterial-, anti-cancer-,
cholesterol-lowering- and immunosuppressive. The need for new bioactive compounds calls for an approach to further expand the diversity
of fungal secondary metabolites. One such approach is the biocombinatorial synthesis of novel natural products through the engineering of
proteins involved in secondary metabolism. In particular, engineering of polyketide synthases (PKSs), non-ribosomal peptide synthetases
(NRPSs) and PKS-NRPS hybrid proteins has been attempted; however, so far this approach has obtained only limited success. In order to
fully exploit the possibilities of combinatorial biosynthesis we first need to understand the rules governing product formation. Such
understanding would enable the rational design of functional chimeric enzymes and permit the synthesis of derivatives of known natural
products. The PKS-NRPS hybrids have received particular interest as targets for combinatorial biosynthesis due to the potential of creating
novel compounds of mixed polyketide-non-ribosomal peptide origin. One critical step in designing functional PKS-NRPS fusions is
undoubtedly the determination of the optimal site for linking the two parts of the chimera.
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In this study we focused on the PKS-NRPS from Aspergillus clavatus involved in the synthesis of the potential anti-cancer compound
cytochalasin E. This enzyme appears to contain an intermodular linker of approximately 150 amino acids with very low sequence
homology to other known PKS-NRPS hybrids. We investigated the role of this linker by constructing a number of linker-modified variants
of the A. clavatus PKS-NRPS hybrid, including linker swaps, linker truncations and synthetic linkers. These experiments will help to unveil
the importance of the linker, and facilitate determination of the optimal length of the intermodular linker, along with a suitable site for
linking the two modules.

11. G protein-coupled receptor mediates nutrient sensing and developmental control in Aspergillus nidulans. Thaila Reis®, Neil
Andrew Brown®, Enyara Rezende Morais?, Lizziane K Winkelstrter!, Camila Caldana?, Jae-Hyung Mah?, Jae-Hyuk Yu*, Jeffrey M
Macdonald®, Gustavo Henrique Goldman®2. 1) University of Sao Paulo, Ribeirao Preto, Brazil; 2) Laboratério Nacional de Ciéncia e
Tecnologia do Bioetanol - CTBE, Campinas, Brazil; 3) Department of Food and Biotechnology, Korea University, Sejong, South Korea; 4)
Department of Bacteriology, University of Wisconsin, Madison, Wisconsin, USA;; 5) UNC Metabolomic Facility, University of North
Carolina,Chapel Hill, USA.

Nutrient sensing and utilization is fundamental for all life forms. As heterotrophs, fungi have evolved with a diverse range of mechanisms
for sensing and taking up various nutrients. Despite its importance, only a limited number of nutrient receptors and their corresponding
ligands have been identified in fungi. G protein-coupled receptors (GPCRs) are the largest family of transmembrane receptors, which detect
predominately unknown extracellular signals and initiate intracellular signalling cascades. In fungi, GPCR regulated signalling pathways
include the cAMP-dependent protein kinase (PKA) and the mitogen-activated protein kinase (MAPK) cascades, which regulate
metabolism, growth, morphogenesis, mating, stress responses and virulence. The A. nidulans genome encodes 16 putative GPCRs, but only
a few have been functionally characterized. Our previous study showed the increased expression of an uncharacterised putative GPCR,
gprH, during carbon starvation. Here, we reveal that GprH is a putative receptor for glucose and absence of GprH results in a reduction in
CAMP levels and PKA activity upon adding glucose to starved cells. GprH is pre-formed in conidia and is increasingly active during
carbon starvation, where it plays a role in glucose uptake and the recovery of hyphal growth. GprH also represses sexual development
under conditions favouring sexual fruiting and during carbon starvation in submerged cultures. In summary, the GprH sensing system for
glucose acts upstream of the CAMP-PKA pathway, influences primary metabolism and hyphal growth, while repressing sexual
development in A. nidulans.

Financial support: FAPESP, CNPq.

12. Influence of microgravity on the production of Aspergillus nidulans secondary metabolites onboard the International Space
Station. Clay Wangl, Kasthuri Venkateswaran?, Junko Yaegashil, Jillian Romsdahl®. 1) Pharma Sci & Chemistry, Univ Southern
California, Los Angeles, CA,; 2) Jet Propulsion Laboratory, Pasadena, CA.

In this poster | will present our project recently funded by the NASA Space Biology program to study the production of secondary
metabolites by Aspergillus nidulans onboard the International Space Station. Research from the Wang lab and many others in the field have
shown that in filamentous fungi secondary metabolite production is highly sensitive to growth conditions. In addition it has been shown
that many secondary metabolism pathways are triggered specifically in harsh or stressful conditions. Therefore we are interested in
understanding how filamentous fungi respond to microgravity conditions. There are two long term goals for this project. One is to discover
novel secondary metabolites in microgravity conditions. Second is to develop filamentous fungi as a synthetic biology platform for
producing pharmaceutical compounds for future manned space mission. In addition | will present data on our metabolite analysis of fungi
recovered from the International Space Station Filter Debri as part of the NASA funded ISS microbial observatory project.

13. Exploring the potential of Aspergillus niger as secondary metabolite producer. Simon Boecker', Sophia Zobel?, David Schirmer?,
Roderich D Suessmuth?, Vera Meyer’. 1) Dept. of Applied and Molecular Microbiology, Berlin Institute of Technology, Berlin, Germany;
2) Dept. of Biological Chemistry, Berlin Institute of Technology, Berlin, Germany.

Recently, we could show that Aspergillus niger is an excellent expression host for the production of fungal secondary metabolites
(SMs). For the proof-of-concept study, we heterologously expressed the 350 kDa non-ribosomal enniatin synthetase (ESYN) from
Fusarium oxysporum in A. niger. ESYN catalyzes the formation of cyclic depsipeptides of the enniatin family, which exhibit antimicrobial,
antiviral and anticancer activities. The encoding gene esynl was put under control of the tunable Tet-On expression system. By using
optimum cultivation and feeding conditions, yields up to 4.5 g L™ were achieved in A. niger fed batch bioreactor cultivation. This titer by
far outpaces yields obtained in other microbial expression hosts, such as B. subtilis, which produces around 1 mg L™ of enniatin.

In addition, another cyclohexadepsipeptide (beauvericin) with anticancer and insecticidal properties can be produced with comparable high
titers in A. niger. Furthermore, A. niger is a suitable expression host for new-to-nature artificial chimeric peptide synthetases.
Corresponding data will be shown.

[1] Richter L, Wanka F, Boecker S, Storm D, Kurt T, Vural O, StiBmuth R, Meyer V. 2014. Engineering of Aspergillus niger for the
production of secondary metabolites. Fungal Biol. Biotechnol. 1:4.

[2] Zobel S, Kumpfmuller J, Sussmuth RD, Schweder T. 2014. Bacillus subtilis as heterologous host for the secretory production of the
non-ribosomal cyclodepsipeptide enniatin. Appl. Microbiol. Biotechnol. (Epub ahead of print).
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14. Development of a community consensus model for Aspergillus niger. Julian Brandl*, Mhairi Workman®, Mikko Arvas®, Vera
Meyer®, Mikael R. Andersen’. 1) Department of Systems Biology, Technical University of Denmark, Kgs. Lyngby, Denmark; 2) VTT
Technical Research Centre of Finland, Finland; 3) Department of Applied and Molecular Microbiology, Institute of Biotechnology,
Technical University of Berlin, Germany.

Fungal primary metabolism is an essential part of fungal physiology and affects all phenotypic traits of the organism as well as carrying
the biotechnological potential for the fungal host. While the study of individual pathways have gained essential knowledge and important
scientific breakthroughs, a genome-scale view of metabolism is required to gain a holistic understanding of the cell. Mathematical models
based on the stoichiometry of known enzymatic reactions have been developed in order to facilitate this approach and proven useful for
guiding metabolic engineering in well characterized model organisms like S. cerevisiae and E. coli. With the sustained interest in
Aspergillus niger as a potent host organism for citric acid and enzyme production, it is timely to improve on previous genome-scale
modeling efforts. Here we aim at updating the genome-scale model by a combination of experimental work and integration of published
information. This joint effort of international collaborators and our group will yield a community-consensus model of the Aspergillus niger
metabolism. In order to improve the gene assignments contained in the current version of the model, we will use comparative genomics to
identify shared isoenzymes and gene groups between closely related species in the section Nigri. To accurately examine and model the
catabolic potential of the fungus, we will apply Biolog plates for the screening of more than 270 carbon and nitrogen sources. This
knowledge will aid to identify missing pathways in the model and validate the presence of many pathways already included. Additionally
the biosynthesis of 2-300 secreted enzymes will be included in the new version of the model. In conclusion this project aims at generating
an experimentally validated community-consensus model of the A. niger metabolism being able to describe and predict beneficial
modifications to the metabolic network in order to improve protein production on a variety of different substrates.

15. Heterologous Expression of Cellulases in Aspergillus niger. S.A. Campen*?, S.J. Sibert>3®, S. Srikrishnan®?2, J. Lynn?, P. Phatale®?,
J. Zhang®*, J.M. Guenther®*, T. Feldman®*, J. Hiras®°, S. Singer®®, K.L. Sale**, B.A. Simmons®*, S.E. Baker'?, J.M. Gladden®*, J.K.
Magnuson®?, 1) Pacific Northwest National Laboratory, Richland, WA; 2) Joint BioEnergy Institute, Emeryville, CA; 3) University of
California-Berkeley, Berkeley, CA; 4) Sandia National Laboratory, Livermore, CA; 5) Lawrence Berkeley National Laboratory, Berkeley,
CA.

Deconstruction of lignocellulosic biomass is one of the challenges to development of advanced biofuel production. Pretreating the
biomass with ionic liquids helps subsequent enzymatic hydrolysis of cellulose to sugar. Thermophilic bacterial cellulose-degrading
enzymes have been previously identified from a switchgrass adopted microbial community and characterized within the Deconstruction
Division of JBEI. Filamentous fungi, for example,Aspergillus niger, have been utilized for commercial cellulase production in
industry. Aspergillus niger is an ascomycete filamentous fungus with a sequenced genome and is known to secrete various enzymes. Our
objectives are to understand the production of heterologous enzymes in A. niger and further its development as a heterologous expression
host for high titer cellulase cocktails. Thirty-two bacterial and fungal genes, encoding beta-glucosidases, cellobiohydrolases and
endoglucanases with high temperature optima were expressed in A. niger and their enzyme activities were assayed. Using Jsalsa
(the JBEI suite for automated lignocellulosic saccharification), the activity profiles with respect to temperature, pH and ionic
liquid concentration were analyzed and compared for the enzymes expressed in A. niger and E.coli. These enzymes will be used to
investigate improvements to JBEI’s JTherm cellulase cocktail.

16. Biological role and characterization of aegerolysins and proteins with MACPF domain in filamentous fungus Aspergillus niger.
Marusa Novak®, Urska Cepin®®, Nada Krasevec®, Peter Macek®, Gregor Anderluh®, Kristina Sepcic’. 1) University of Ljubljana,
Biotechnical Faculty, Department of Biology, Ljubljana, Slovenia; 2) National Institute of Biology, Ljubljana, Slovenia; 3) BioSistemika
Ltd, Ljubljana, Slovenia; 4) L11, National Institute of Chemistry, Ljubljana, Slovenia.

Aegerolysins and MACPF domain-containing proteins (Pfam06355 and 01823 protein families, respectively) are found in various
kingdoms of life including fungi. In Basidiomycota, proteins of these two families seem to be involved in development of primordia and
fruiting bodies, while in filamentous fungi they can also act as virulence factors. Various fungal members of both protein families have
been shown to form pores in biological and artificial lipid membranes, either sole or in combination with one another. It appears that the
roles of these proteins are pleiotropic and adapted to the fungal life-style.

Aspergillus niger is a saprophytic, filamentous fungus found throughout the world. In its genome, we identified two nucleotide sequences
encoding aegerolysins and two nucleotide sequences encoding proteins with MACPF domain. Our aim is to determine the biological role(s)
and some characteristics of these proteins in A. niger using systematic gene expression studies, gene deletions and protein labeling. So far,
we showed that the increase of the expression of all four target genes coincides with the beginning of conidiation in A. niger, and that the
prevention of conidiation (either physical or genetic) alters the expression profiles and negatively affects their expression. Deletion of
either of the aegerolysin genes did not affect the rate of conidiation or growth on different media. Moreover, the localization studies using
fluorescently labeled proteins showed proteins to be localized in hyphae, conidiophores heads and spores. Our results suggest that
aegerolysins and MACPF domain-containing proteins are produced during conidiation of A. niger, but are not actively involved in this
process, indicating that their role(s) might be related to some other physiological processes in the fungus, e.g. defense mechanisms, rather
than development.

17. Reconstruction of the biosynthetic pathway for the terpene antibiotic pleuromutilin in the secondary host Aspergillus oryzae.
Fabrizio Alberti', Colin M. Lazarus!, Chris L. Willis?, Andy M. Bailey*, Gary D. Foster. 1) School of Biological Sciences, University of
Bristol, Bristol, United Kingdom; 2) School of Chemistry, University of Bristol, Bristol, United Kingdom.

Pleuromutilin is an antibiotic that is produced as a secondary metabolite by the basidiomycete fungus Clitopilus passeckerianus.
Pleuromutilin is a tricyclic diterpene and has been exploited as a precursor for many semi-synthetic antibiotics, one of which —
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Retapamulin — is currently used for the treatment of Impetigo and other serious skin infections. However C. passeckerianus produces
pleuromutilin in low amounts, strain improvement and manipulation of the fungus are made problematic by its dikaryotic nature, and total
synthesis of the antibiotic has only been achieved with low yields.

In order to increase the production titre of pleuromutilin and to fully exploit this new growing class of natural product antibiotics, the
biosynthetic pathway for pleuromutilin was reconstructed in the heterologous host A. oryzae, which has a GRAS status and is amenable to
growth in industrial fermenters. Multigene expression vectors were used to obtain transformation of A. oryzae with the genes of the
pleuromutilin cluster. Identification of the metabolites produced was achieved through analytical chemistry techniques, such as HPLC,
NMR Spectroscopy and High Resolution Mass Spectrometry.

A synthetic biology approach was used to achieve heterologous biosynthesis of pleuromutilin in A. oryzae. An enhanced titre of the
antibiotic was ultimately established in the heterologous host, tenfold over the natural host producer C. passeckerianus. The function of
each enzyme in the pathway is being uncovered through expression of different combinations of genes in A. oryzae and consequent
isolation of metabolites. This strategy also allowed to isolate a previously undescribed intermediate involved in biosynthesis of the
antibiotic pleuromutilin.

18. Investigating torrubiellone A gene cluster from Torrubiella sp. BCC2165 in A. oryzae as heterologous host. G. Fernandez Bunster,
C.M. Lazarus. Life Sciences Building, School of Biological Sciences, University of Bristol, Bristol, United Kingdom.

Torrubiellones A-D, extracted from Torrubiella sp. BCC2165 (Isaka et al, 2010), are structurally similar to 2-pyridone compounds
produced in related arthropod-pathogenic fungi, such as tenellin and desmethylbassianin in Beauveria spp. and militarinone in Cordyceps
militaris. Torrubiellone A is particularly interesting because it has antimalarial activity (IC50 value of 8.1 uM), with very weak
accompanying cytotoxicity. Having studied the gene clusters responsible for the biosynthesis of the related compounds we predicted that
sequencing the Torrubiella genome and in-silico analysis should lead to the identification of the torrubiellone A biosynthetic gene cluster.

Torrubiella BCC2165 DNA was extracted, sequenced and analysed using antiSMASH software, to reveal a putative torrubiellone A gene
cluster, i.e. one encoding a hybrid PKS-NRPS (named torS), two P450 cytochromes (torA and torB) and an enoyl reductase (torC). By
comparison to the tenellin and desmethylbassianin gene clusters, two additional genes (named torD and torE), were also identified within
the cluster; these genes may be responsible for structural differences between torrubiellone and desmethylbassianin. The PKS-NRPS gene
(torS fused to eGFP) was assembled without introns by yeast recombination and put on a multigene expression vector with other
biosynthetic genes either from the putative torrubiellone cluster (torA, torB and torC), or from the desmethylbassianin gene cluster (dmbA,
dmbB and dmbC). The assembled plasmids were transferred into the filamentous fungus Aspergillus oryzae NSAR1, and both the torSABC
and torSdmbABC plasmids yielded strongly yellow-pigmented transformants; organic extracts were analysed by liquid chromatography-
mass spectroscopy (LC-MS). At the same time, torD and torE gene functions were investigated by coexpressing these genes in a tenellin-
producing A. oryzae transformant; a product with a mass of 384, 15 more than the tenellin mass of 369, was detected.

19. Phenotype analysis of Rice koji protein genes disruptants in Aspergillus oryzae. Kazuhiro lwashita*?, Teruaki Hanada®?, Shinichiro
Hukuhara®?, Shingo Kakiuchi®?, Hiroaki Kitamura®?, Ken Oda®, Minori Kouno®. 1) National Research Institute of Brewing,
Higashihiroshima, Hiroshima, Japan; 2) Graduate School of Advanced Sciences of Matter, Hiroshima University, Higashihiroshima,
Hiroshima, Japan.

Aspergillus oryzae are used for Japanese traditional fermentation industry, such as Sake, Miso-paste, and Rice vinegar. In sake industry,
A. oryzae cultivate on rice to make Rice koji, which supply various hydrolytic enzymes and vitamins for following fermentation by yeast.
The property of Rice koji significantly affects to the flavor of Sake. A. oryzae encode about12, 000 genes on the genome and will play
important role for the property of Rice koji. Some hydrolytic enzymes, such as amylases and proteinases, were well studied but most of
other genes were left uncharacterized. Thus, we prepared 4 different types of Rice koji and performed proteome analysis using MALDI-
TOF/TOF MS. As the result, 159 genes were identified as Rice koji protein encoding (RKP) genes. The 38 genes were well characterized
and 51 genes were predicted as heat shock, secretion and primary metabolism related genes. The remained 70 genes were poorly annotated
proteins. Among 159 genes, we select 85 RKP genes and disrupted using adeA as a marker. We success the disruption of 73 RKP genes but
only heterokaryons were isolated for remained 12 RKP genes, despite of several trials. To evaluate the phenotype of RKP disruptants, we
examined growth and conidia formation on plate culture. Only 2 RKP disruptants reduced their growth significantly but 11 RKPs
disruptants were altered in conidia formation. Interestingly, 10 strains extremely reduced the growth in liquid culture, even though same
medium was used. We further prepared Rice koji and evaluate the growth and enzyme production. Comparing with the plate culture, 11
RKP disruptants reduced their growth. The growth and protein production was well correlated. In this study, we could identify new genes
which affect the growth end enzyme production. However, many RKP disruptants did not show any phenotypes. To examine the function
of these non-phenotype RKP genes, we will prepare Sake to examine the effect to Sake metabolites and its quality.

20. Involvement of C7-C8 loop of Aspergillus oryzae hydrophobin RolA in interaction between RolA and a polyester. Takumi
Tanaka', Yoonkyung Kim?, Hiroki Tanabe®, Kenji Uehara’, Keiko Orui’, Toru Takahashi?, Keietsu Abe'2. 1) Grad. Sci. Agric. Sci.,
Tohoku university, Sendai, Miyagi, Japan; 2) NICHe, Tohoku university, Sendai, Miyagi, Japan.

Hydrophobins are amphipathic secretory proteins with eight conserved cysteine residues and are ubiquitous among filamentous fungi.
The Cys3-Cys4 and Cys7-Cys8 loops of hydrophobins are thought to form hydrophobic segments involved in adsorption of hydrophobins
on hydrophobic surfaces. When the fungus Aspergillus oryzae is grown in a liquid medium containing the polyester polybutylene
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succinate-co-adipate (PBSA), Aspergillus oryzae produces hydrophobin RolA, which attaches to PBSA. Here, we analyzed the kinetics of
RolA adsorption on PBSA by using a PBSA pull-down assay and a quartz crystal microbalance (QCM) with PBSA-coated electrodes. We
constructed RolA mutants in which hydrophobic amino acid residues in the two loops were replaced with serine, and we examined the
kinetics of mutant adsorption on PBSA. QCM analysis revealed that mutants with replacements in the Cys7-Cys8 loop had lower affinity
than wild-type RolA for PBSA, suggesting that this loop is involved in RolA adsorption on PBSA. In further works, we are constructing
RolA mutants in which charged amino acid residues in the Cys7-Cys8 loop were replaced with alanine, and examining the kinetics of
mutant adsorption on PBSA.

21. D73 of Aspergillus oryzae cutinase CutL1 is cooperatively involved in the ionic interaction between fungal hydrophobin RolA
and CutL1 with other acidic amino acid residues of CutL1. Y. Kim®, Y. Terauchi®, T. Tanaka®, Y. Tsushima’, K. Uehara', T.
Takahashi®, K. Abe!?3, 1) Grad. Sci. Agric. Sci., Tohoku university, Sendai, Miyagi, Japan; 2) Dept. Agric., Tohoku university, Sendai,
Miyagi, Japan; 3) NICHe., Tohoku university, Sendai, Miyagi, Japan.

Hydrophobin RolA and polyesterase CutL1 are co-expressed when the fungus Aspergillus oryzae is grown in a liquid medium containing
the biodegradable polyester polybutylene succinate-co-adipate (PBSA) as the sole carbon source. RolA which adheres to PBSA interacts
with CutL1 and promotes the PBSA degradation by concentrating CutL1 on the PBSA surface. In our previous studies, we revealed that
positively charged amino acid residues (H32, K34) of RolA and negatively charged amino acid residues (E31, D142, D171) of CutL1 are
cooperatively play an important role in the ionic interaction between RolA and CutL1. However, the amount of a CutL1 variant
(E31S/D142S/D171S) recruited by a RolA variant (H32S/K34S) in the presence of NaCl (250 mM) was decreased significantly compared
to that without NaCl. This result suggested some remaining charged resides in CutL1-E31S/D142S/D171S are participated in the ionic
interaction with RolA.

In the present study, in order to elucidate negatively charged residues involved in RolA-CutL1 interaction other than the three residues
(E31, D142, and D171) of CutL1, we selected several candidates that putatively participate in the interaction based on the alignment
analysis among CutL1 homologues and analysis using 3D-structure of CutL1. Among the candidates in CutL1, we chose D73 and
constructed CutL1 variants of which D73 was substituted with serine. We performed kinetic analysis of interaction between CutL1-D73S
and CutL1-E31S/D73S/D142S/D171S with wild-type RolA by using Quartz Crystal Microbalance and pull-down assay with RolA-coated
Teflon. The D73S substitution of CutL1 showed a decreased affinity to RolA, suggesting that D73 also cooperatively participates in the
ionic interaction with RolA by the multivalent effect with other negatively charged residues of CutL1 (E31, D142, D171).

22. Functional analysis of intracellular metalloproteases, saccharolysin orthologues in Aspergillus oryzae. Y. Yamagata®, Y.
Ishikawa!, H. Maeda®, K-I. Kusumoto?, H. Amano®, H. Ishida*, M. Takeuchi'. 1) Department of Applied Biological Science, Tokyo
University of Agriculture and Technology, Tokyo, Japan; 2) NFRI, Ibaraki, Japan; 3) Amano Enzyme Inc., Gifu, Japan; 4) Research
Institute, Gekkeikan Sake Company Ltd., Kyoto, Japan.

The genome project of A. oryzae clarified that there were 134 genes coding proteolytic enzymes. Three genes (olsA, olsB and olsC ) of
them were estimated as orthologues of the saccharolysin gene of S. cerevisiae. Saccharolysin is a metalloprotease, which digests peptides
produced by mitochondrial protein degradation. S. cerevisiae has only one saccharolysin gene, but three orthologue genes were found in A.
oryzae genome. Thus, we presumed that the three enzymes should share biological roles in A. oryzae.

Deletion strain of olsA, B and C in A. oryzae (4olsA, dolsB and AolsC) showed increment of colony diameters, promotion of aerial
mycelia growth and decrease of conidia formation in the presence of a mitochondrial uncoupling agent, 2, 4-dinitrophenol (DNP).
Furthermore, transcription analysis on the olsA, B and C of wild-type A. oryzae in the presence of DNP revealed the transcriptions of the
genes were increased in comparison with absence of DNP. Especially, olsC transcription level went up to more than 10 times. The results
suggested OIsC should take some important roles under the mitochondrial membrane potential disappearance condition. Then
overexpression strains of olsA, B and C were constructed. Only olsA overexpression strain showed decrease of conidia formation and
colony diameter. The olsA transcription was not observed in 4olsC strain, and the olsC overexpression caused the increment of olsA
transcription. On the contrary, the transcription level of olsC was decreased by olsA overexpression and increased by olsA deletion. We
considered OIsC should regulate olsA transcription and OIsA overexpression might cause feedback control against olsC transcription
directly or indirectly. The olsA and olsC transcription should be mutually dependent, and the quantity of OISA should be regulated strictly.
This study was supported by the Program for Promotion of Basic Research Activities for Innovative Biosciences (PROBRAIN).

23. Plant biomass degrading potential of a new Penicillium species, Penicillium subrubescens. Miia R. Makel4®, Sadegh Mansouri', Ad
Wiebenga?, Ronald P. de Vries?, Kristiina Hilden®. 1) Department of Food and Environmental Sciences, Division of Microbiology and
Biotechnology, Viikki Biocenter 1, University of Helsinki, Finland; 2) Fungal Physiology, CBS-KNAW Fungal Biodiversity Centre &
Fungal Molecular Physiology, Utrecht University, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands.

A recently identified Penicillium species, P. subrubescens (Mansouri et al. 2013), was evaluated for its ability to hydrolyse plant
biomass. Growth on various plant biomass related substrates demonstrated the capacity of this species to degrade all the main
polysaccharides present in plant biomass as well as metabolise all their monomeric components. The ability to degrade broad range of
carbohydrates suggests a high potential in plant biomass saccharification.

To evaluate this in more detail, P. subrubescens was grown on wheat bran and sugar beet pulp and a set of extracellular enzyme activities
were analyzed from culture liquids. Also the ability to saccharify wheat bran and sugar beet pulp was determined. Compared to P.
chrysogenum, P. subrubescens produced higher levels of B-glucosidase, endoglucanase, endoxylanase and cellobiohydrolase.
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Enzyme mixtures produced on wheat bran by P. subrubescens were more efficient in saccharification of wheat bran compared to enzymes
produced on sugar beet pulp cultures. The opposite result was observed for saccharification of sugar beet pulp. This demonstrates that P.
subrubescens produces enzyme mixtures that are closely tailored to the available substrate, suggesting the presence of a fine-tuned
regulatory system that controls the production of these enzymes.

Reference: Mansouri S, Houbraken J, Samson RA, Frisvad JC, Christensen M, Tuthill DE, Koutaniemi S, Hatakka A, Lankinen P (2013)
Penicillium subrubescens, a new species efficiently producing inulinase. Antonie Van Leeuwenhoek 103:1343-1357.

24. Heterologous expression of feruloyl esterases of Aspergillus clavatus and Aspergillus terreus. Miia Mékeld, Salla Koskela, Kristiina
Hildén. Department of Food and Environmental Sciences, University of Helsinki, Helsinki, Finland.

In the cell walls of gramineous plants, hemicelluloses are crosslinked to the aromatic lignin polymer via hydroxycinnamic acids (ferulic
acid and p-coumaric acid). Feruloyl esterases (ferulic acid esterases, EC 3.1.1.73), classified in CAZy family CE1 (www.cazy.org), are
enzymes that catalyse the cleavage of covalent ester bonds between carbohydrate and lignin moieties in plant cell walls. Due to the ability
to specifically cleave ester linkages, feruloyl esterases are promising biocatalysts for a broad range of biotechnological applications. These
include e.g. pharmaceutical, agricultural and food industries, as well as the production of biofuel.

Aspergillus species are one of the best studied fungi, largely due to their applicability in biotechnology and relevance in human health. In
this study, putative feruloyl esterase encoding genes from Aspergillus clavatus and Aspergillus terreus were cloned and expressed
heterologously in the methylotrophic yeast Pichia pastoris. Biochemical properties, including substrate specificity and thermotolerance of
the recombinant A. clavatus and A. terreus feruloyl esterases will be presented. In addition, the ability of the recombinant feruloyl esterases
to hydrolyze different plant biomass based substrates will be evaluated.

25. Forward Genetics in the white-rot fungus Pleurotus ostreatus: Towards identification of molecular mechanisms essential for
ligninolytic system. T. Nakazawa®, A. Izuno®, Y. Miyazaki?, Y. Isagi®, Y. Honda®. 1) Graduate School of Agriculture, Kyoto University,
Kyoto, Kyoto, Japan; 2) Forestry and Forest Products Research Institute, Tsukuba, Japan.

Lignin, one of the major woody biomass, is a complex and irregular aromatic polymer mainly consisting of phenylpropanoids, which
makes it very highly resistant to biodegradation by microorganisms in nature. The white-rot fungus (basidiomycete) plays an important role
in the global carbon cycle: Lignin is degraded (depolymerization) exclusively by the white-rot fungus. Peroxidases, lignin peroxidases
(LiP), manganese peroxidases (MnP) and versatile peroxidases (\VP), have been reported to be involved in lignin degradation
(depolymerization). However, there has been also suggested to be factors other than the “ligninolytic enzymes” themselves that play an
important role in lignin degradation . We here present a forward genetics study in the white-rot fungus Pleurotus ostreatus, the oyster
mushroom, to reveal molecular mechanism(s) essential for the ligninolytic system. For a preliminary study, we first introduce mutations to
strain PC9 through a UV irradiation, resulting in isolation of four mutants defective in decolorization of Orange Il, which has been reported
to be a substrate specific for MnP in P. ostreatus. As is expected, Mn?*-dependent and -independent oxidation activities of guaiacol are not
detected in all of the mutants. F; analysis suggests that mutations in a single gene cause the mutant phenotype in all of the four mutants,
respectively. We then construct new genetic markers between PC9 and PC15 to identify the genomic region close to the mutated gene. We
successfully identify markers linked to the mutated phenotype in three of the four mutants. Resequencings of genomes of the mutants let us
find mutated genes close to the linked genetic markers. Now, we are trying making it clear that they are essential for decolorizeation of
Orange Il and secretory production of active peroxidases in P. ostreatus through a complementation test (for a recessive phenotype) or an
introducing the mutated gene (for a dominant phenotype).

26. Colocalization of wood modifications and secretome composition during the colonization of wood by Postia placenta and
Gloeophyllum trabeum. Gerald Presley, Jiwei Zhang, Jonathan Schilling. Bioproducts and Biosystems Engineering, University of
Minnesota, 2004 Folwell St. Paul, MN 55108.

Wood decay fungi drive the mineralization of the largest biotic sink of carbon on earth, but the biochemistry behind this process is not
fully understood. Brown rot fungi are theorized to generate an extracellular fenton system to generate hydroxyl radicals that degrade wood
polysaccharides. They also secrete hydrolytic enzymes which may be spatially separated from the fenton system. Attempts to recreate
brown rot in vitro have not been successful and thus the mechanistic paradigm is incomplete. To address this we have developed a wood
wafer decay system that utilizes a spatial gradient along an advancing hyphal front to co-localize wood modifications and secretome
variations along a fine-scale time series of decay stages. Two model brown rot fungi, Gloeophyllum trabeum and Postia placenta were
grown up spruce wafers and total extracellular protein was extracted from 5 mm segments along the advancing hyphal front. Screening for
hydrolytic enzyme activity showed that endo-acting hydrolase (cellulase, mannanase, and xylanase) specific activity was only detectable 5
mm or farther behind the advancing hyphal front and it increased thereafter reaching a plateau in the most decayed portions of the wafer.
Identification of proteins from the same extracts with LC-MS showed differential expression of proteins along the advancing hyphal front.
In early decay stages, less than 5 mm behind the hyphal front, peptides from low molecular weight proteins of unknown function along
with some hemicellulose-degrading glycosyl hydrolases were by far the most abundant. In later stages of decay, endo-acting glycosyl
hydrolases including the major known endocellulases from P. placenta and G. trabeum were the most commonly identified proteins. The
colonization and decay of wood is a dynamic process as shown by the changes in the secretome from early to late decay stages.

27. Debaryomyces hansenii killer toxin against Candida species. Nabaraj Banjara, Hallen-Adams Heather. Food Science and

Technology, University of Nebraska-Lincoln, Lincoln, NE.
Candida yeasts are commensal members of the gastrointestinal, mucosal, oral and vaginal microbiota. However, when the host defense
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system and microbiota are disturbed, Candida can become pathogenic and cause severe infection (candidiasis). Antifungal drugs targeted
to treat candidiasis have been shown to result in treatment failures due to development of resistance during long term antifungal therapy.
Debaryomyces hansenii is the most common yeast species found in cheeses. Some strains of D. hansenii produce killer toxins - toxic
proteins or glycoproteins which can kill sensitive yeast species. Therefore, we investigated whether D. hansenii isolated from different
cheese samples had an inhibitory role on Candida species. Forty two D. hansenii isolates were collected from different types of cheese and
killer activity against Candida albicans and Candida tropicalis was screened by the streak-plate agar diffusion bioassay. Killer activity
among D. hansenii strains at different pH values (4.5, 5.0, 5.5, 6.0) and temperatures (20 C, 25 C, 30 C and 35 C) was quantified by agar
diffusion well bioassay; the effect of D. hansenii killer toxin on C. albicans and C. tropicalis growth kinetics was also studied. Twenty
three strains (54%) of D. hansenii demonstrated killer activity against C. albicans and C. tropicalis and killer toxin activity differed among
the D. hansenii strains. D. hansenii killer toxin was active against C. albicans up to pH 5.5 but against C. tropicalis to pH 6.0. Killer
activity was higher at low temperature and low pH. Killer toxin activity was detected up to 35 C against C. albicans; for C. tropicalis,
lower temperatures were required to observe a killer effect. Incubation of killer toxins from three strains Dhans-237, Dhans-274 and
Dhans-65 at 25 C decreased killer activity by 3%, 15 % and 11% after 24 hours and 11%, 20% and 29% after 48 hours, respectively. In
contrast, we observed killer activity for short time period when toxins are incubated for 37 C. The results confirmed that same killer toxin
from D. hansenii can act differently in different species, temperature and pH conditions; strains such as Dhans-237, which have activity at
higher temperature, may have medical application.

28. Force-Sensing Amyloids in Yeast Adhesins Mediate Adhesion and Biofilm Formation. cho xj chan®, peter n lipke?, melissa garcia-
sherman?, desmond jackson?, ivor joseph? 1) pace university, new york, NY; 2) brooklyn college, brookyn, NY.

The Candida albicans adhesin Als5p has an amyloid-forming sequence that is required for aggregation and formation of model biofilms
on polystyrene (Alsteens et al., 2010 PNAS 107:20744; Garcia et al., PLoS One 6:17632). Similarly, Saccharomyces cerevisiae Flo11p
and Flo1p adhesins have amyloid-forming sequences (Ramsook et al., 2010 Eukaryot. Cell 9:393-404). These amyloid sequences can form
high avidity surface arrays of adhesins called nanodomains. Because amyloid formation can be triggered by force, we investigate whether
mechanical turbulent flow from vortex mixing and laminar shear flow could induce formation of amyloid nanodomains. We test whether
amyloid formation from force could increase cellular binding to surfaces and biofilm formation. Vortex-mixing cells expressing Als5p’
for 60 seconds increased aggregation and adhesion of cells to BSA-coated beads 1.7-fold compared to cells that were not vortex-mixed.
There was little shear-activated increase in adhesion or thioflavin fluorescence in cells expressing an amyloid-impaired V326N substituted
Als5p. Shear from laminar flow at 0.8 dynes/cm? increased quantity and strength of cell-to-surface and cell-to-cell binding, compared to
shearing at 0.02 dynes/cm?. Shear-induced binding led to formation of robust biofilms. Thioflavin T fluorescence showed that the vortex-
mixing and laminar flow also induced surface amyloid nanodomains in Als5p-expressing cells. Inhibitory concentrations of amyloid-dyes
thioflavin S, Congo red, or a sequence-specific anti-amyloid peptide decreased activation of adhesion. Similarly, S. cerevisiae cells
expressing Flolp and Flo11p flocculins showed 2.0-fold increases in the flocculation rate following vortex-mixing. Flocculin-expressing
cells also showed shear-dependent binding, amyloid formation, biofilm formation, and inhibition by anti-amyloid compounds. The effects
of vortex-mixing were replicated in heat-killed cells as well. Together these results show that shear force exerted by laminar or turbulent
flow leads to formation of amyloid nanodomain on the surface of cells, which in turn mediates aggregation of yeast cells, adhesion to
surfaces, and biofilm formation.

29. Phenotypic switching in Candida albicans: towards integrating environmental inputs and cellular outputs. luliana Ene, Richard
Bennett. Molecular Microbiology and Immunology, Brown University, Providence, RI.

The ability to switch between different phenotypic states is crucial for the success of Candida albicans as a human pathogen. While the
white-opaque switch modulates mating, the yeast-hyphal transition (filamentation) promotes invasion and damage to host tissues. These
transitions are associated with different mammalian niches or stages of infection, yet the molecular basis of their preference for these
niches is poorly understood. To understand the metabolic differences between phenotypic states, we carried out a comparative analysis of
white and opaque cells using Phenotype MicroArrays. This high-throughput analysis allowed monitoring of growth, white-opaque
switching and filamentation of C. albicans cells under ~2,000 different nutrients or stressors. Integrating the phenotypic data with the
annotated genome and the metabolic network of C. albicans allowed us to identify metabolic pathways and regulatory processes that are
co-regulated with phenotypic transitions. We found that >80% of conditions promoted the growth of white cells to a higher biomass than
that of opaques, and that opaque cells were more sensitive than whites to most stressors tested. The increased fitness of white cells was
more apparent at 37°C than at 25°C. As expected, switching from white to opaque was favoured by growth at lower temperatures, although
several conditions induced this switch at 37°C. We also identified a number of conditions that stabilized the opaque state at 37°C,
suggestive of niches where these cells might be stable in the host. Carbon sources were important regulators of the white-opaque switch
and subsequent genetic analyses identified glucose sensing and regulatory pathways as key modulators of opaque stability. In parallel, we
identified novel nutritional cues that induce the program of filamentation, as well as significant overlaps between the regulation of the
white-opaque switch and the yeast-hyphal transition. Our findings underline key differences in the metabolic programs of C. albicans cells
in alternate phenotypic states. This will allow identification of host niches that promote these phenotypic transitions and understanding of
the role of metabolic adaptation in the lifestyle of C. albicans..

30. Translation stress signaling to the circadian clock of Neurospora crassa. Axel Diernfellner, Linda Lauinger, Michael Brunner. AG
Brunner, Biochem Ctr Heidelberg, Heidelberg, Germany.

The Neurospora crassa clock protein FREQUENCY (FRQ) is the negative regulator of the circadian transcription factor WHITE
COLLAR COMPLEX (WCC). In the course of a day, FRQ is progressively phosphorylated at more than 100 sites - mainly mediated by its
interaction partner CASEIN KINASE 1a (CK1a) - and eventually inactivated as a repressor and degraded. Thus, timed phosphorylation of
FRQ is crucial for circadian timekeeping. However, translation inhibition causes rapid hyperphosphorylation of FRQ in a non-circadian
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fashion. We show that this hyperphosphorylation is mediated by the Neurospora homolog of checkpoint kinase 2.

31. Functional analysis of secondary metabolism gene clusters expressed in Colletotrichum appressoria. Jean-Felix Dallery!, Antonios
Zampounis®, Emilie Adelin?, Sandrine Pigne’, Olivier Lespinet®, Jamal Ouazzani?, Marc-Henri Lebrun®, Richard O'Connell*. 1) UMR1290
BIOGER-CPP, INRA-AgroParisTech, Avenue Lucien Bretignieres, 78850 Thiverval-Grignon, France; 2) Centre de Recherche de Gif,
Institut de Chimie des Substances Naturelles ICSN, Centre National de la Recherche Scientifique, CNRS, Avenue de la Terrasse, 91198
Gif-sur-Yvette cedex, France; 3) Institut de Genetique et Microbiologie, UMR8621 CNRS-Universite Paris-Sud, UFR des Sciences, 91405
Orsay cedex, France.

Species of the genus Colletotrichum cause devastating anthracnose or blight diseases on numerous crop plants worldwide. C.
higginsianum uses a hemibiotrophic strategy to infect Arabidopsis and other Brassicaceae. Compared to other hemibiotrophs, its genome
contains an exceptionally large number of genes (78) encoding secondary metabolism (SM) key enzymes. As in other fungi, these key
genes are organized into clusters that also contain genes encoding accessory enzymes of the same biosynthetic pathway and usually efflux
transporters and pathway-specific transcription factors. A remarkable finding from RNA-Seq transcriptome profiling was that 27 SM
clusters are specifically expressed only in planta by appressoria and/or biotrophic hyphae. Since each cluster potentially synthesizes one
final metabolite, this suggests appressoria and biotrophic hyphae deliver a cocktail of different metabolites to the first infected host cell. At
this early stage host cells remain alive, raising the possibility that these molecules function similar to protein effectors in host manipulation,
rather than as simple phytotoxins. Work is ongoing to decipher how the expression of these SM gene clusters is so precisely regulated
during the course of infection. We targeted C. higginsianum orthologs of the well-characterized global SM regulators LaeA, Hpl, Dim5,
CclA and Kmt6 for genetic manipulation, with a view to inducing the fungus to synthesize appressorial metabolites in large quantities in
culture. The aim is to obtain sufficient material for identification and structural determination (mass spectrometry, NMR) and for functional
assays to evaluate their biological activities against plants, bacteria and fungi.

32. The proteomic analyzes of Paracoccidioides lutizii conidia by using MSF approach. Andre Moreira®, Vanessa Cruz-Leite?,
Alexandre Bailao', Juliana Parente!, Celia Soares®, Orville Ruiz®, Ana Flavia Parente?, Clayton Borges'. 1) Federal University of
Goias,Goiania, Goias,Brazil; 2) Federal University of Amazonas,Manaus, Brazil; 3) Corporacion para Investigaciones
Bioldgicas,Medellin,Colombia.

Paracoccidioidomycosis (PCM) is an endemic mycosis in Latin America. The PCM is a systemic disease caused by the thermo dimorphic
fungus Paracoccidioides spp, which can exist as mycelia and yeast forms. The mycelia form can be found in environment at temperatures
between 18 °C and 25 °C and produces spores or conidia. The PCM infection route occurs by the inhalation of conidia. Once in the lungs,
these particles are converted into yeasts pathogenic form. Until now, metabolic aspects and virulence factors related to Paracoccidioides
lutizii infective propagule are little understood. In this concern, a global proteomic study of P. lutizii conidia was performed. For conidia
production, the mycelia of the isolate Pb01 were cultured in potato agar medium during 90 days at 18 °C. Obtained conidia were collected
and purified. The proteins were extracted and subjected to tryptic digestion followed by identification by NanoUPLC-MSF approach. We
identified a total of 242 proteins in P. lutizii conidia which were subjected to in silico functional analysis Proteins putatively acting as
adhesins, such as GAPDH, enolase, and the glycoprotein 3-1,3-glucanosyltransferase (gel2) were identified during our analysis. We also
identified proteins related to signal transduction pathways, such as Ras and RhoA GTPases, previously demonstrated to be required for
morphologic changes in pathogenic fungi. Proteins related to evasion, defense and virulence were also identified. Proteins acting during
temperature shifts or oxidative stress provided by the host environment such as HSP90, catalase, mitochondrial peroxiredoxin Prx1 were
identified. It were also identified proteins related to energy production and protein biosynthesis, which can provide important aspects to
survival of this resting cells. These results highlight that P. lutizii conidia contain proteins that can contribute to its maintenance in the
environment and also molecules related to host-pathogen interactions.

33. Oxylipins in Fusarium verticillioides and Fumonisin accumulation in Maize. Valeria Scala®, Chiara Dall’Asta?, Paola Giorni®,
Francesca Cardinale*, lvan Visentin®, Martina Cirlini?, Matteo Ludovici’, Paola Battilani®, Massimo Reverberi', Corrado Fanellit. 1)
Department of Environmental Biology, Sapienza University of Roma, Roma, Rm, Italy; 2) Department of Food Science, University of
Parma, Pr, Italy; 3) Istitute of Entomology and Plant Pathology, University Cattolica del Sacro Cuore, Piacenza, Pc, Italy;; 4) Department
of Agriculture, Forestry and Food Science, University of Turin, To, Italy.

Fusarium verticillioides gained centre stage for maize cropping in 1989, when the mycotoxins fumonisins were discovered. The
involvement of fatty acids, both in hybrid susceptibility to contamination and in fumonisin accumulation and masking were also described
recently. Therefore, oxylipins and their role in host plant-fungus cross talk and in F. verticillioides physiology were considered, and studied
following a multifaceted approach. We used a combination of biological (fungal characterization, virulence quantification, mutant
generation), chemical (fumonisin quantification, lipidomic analysis) and molecular (fungal and plant gene expression, ChIP analysis)
approaches to study the different roles of oxylipins in shaping F. verticillioides behaviour. The results confirm the role of oxylipins in
fungal physiology, growth and ability to turn on secondary metabolism. The involvement of lipids signals in fungal infection of maize and
toxin accumulation was confirmed. Four lipid entities differentiated highly- from poorly-contaminated samples (cut-off of 2000 pg of
fumonisins/Kg kernels), confirming that sphingolipid and oxylipin metabolism interfere with F. verticillioides fumonisin production in
maize kernel in open field.

34. Real-time imaging of hydrogen-peroxide dynamics in vegetative and invasive hyphae of Fusarium graminearum using the novel
fluorescent reporter HyPer. Michael Mentges, Joerg Bormann. Molecular Phytopathology, University Hamburg, Hamburg, Germany.
Balanced dynamics of reactive oxygen species in the phytopathogenic fungus Fusarium graminearum play key roles for development and
infection. To monitor those dynamics, ratiometric analysis using the novel, hydrogen-peroxide (H,0O,) sensitive fluorescent indicator
protein HyPer-2* was established for the first time in a filamentous fungus. H,O, abundance changes the excitation spectrum of HyPer-2
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with an excitation maximum at 405 nm for the reduced and 488 nm for the oxidized state, facilitating ratiometric readouts with a maximum
emission at 516 nm. HyPer-2 analyses were performed using a microtitre fluorometer and confocal laser scanning microscopy (CLSM).
Addition of external H,0O, to mycelia caused a steep and transient increase in fluorescence excited at 488 nm. This can be reversed by the
addition of the reducing agent DTT. HyPer-2 in F. graminearum is highly sensitive and specific to H,O, even in tiny amounts.
Hyperosmotic treatment and elevation of temperature elicited a transient internal H,O, burst. Hence, HyPer-2 is suitable to monitor the
intracellular redox balance. Using CLSM, developmental processes like septation, nuclear division, tip growth and infection structure
development were analyzed. Yet, none of these processes implied marked fluctuations in intracellular H,0O,. To test the significance of
H,0, produced by the NADPH oxidase complex, the regulatory subunit of the NOX complex, NOXR, was knocked out in a HyPer-2-
expressing strain. Surprisingly, those mutants displayed a relatively higher steady state oxidation level when compared with the parental
strain. Similar analyses with a deletion mutant of the putative regulator of the oxidative stress response Fgapl showed no differences to the
HyPer-2 expressing wild-type derived strain.

Taken together, HyPer-2 is a valuable and reliable tool for the characterization of mutants and the assessment of environmental conditions.

1
Markvicheva KN, et al. (2011). Bioorg Med Chem 19: 1079-1084.-

35. Identification and characterization of a NADPH oxidase target in Fusarium graminearum. Salima Chatur™?, Manisha Joshi*, Chris
Rampitsch®, Li Wang®, Gopal Subramaniam®. 1) AAFC 960 Carling Avenue Ottawa, ON Canada K1A 0C6; 2) Carleton University
Department of Biology 1125 Colonel By Drive Ottawa, ON Canada K1S 5B6; 3) AAFC 101 Route 100 Morden, MB Canada R6M 1Y5.

F. graminearum is a fungal plant pathogen that causes Fusarium Head Blight (FHB) on important food and feed cereal crops including
wheat, maize and barley. It is ranked as a major global plant pathogen causing significant yield reduction resulting in economic losses.
Earlier study identified distinct roles for NADPH oxidase (NOX) genes in F. graminearum. NOX enzymes generate reactive oxygen
species (ROS) including hydrogen peroxide (H,0,), which are important in signal transduction. The study indicated that while AnoxA
strain has reduced superoxide production and is unable to develop sexual fruiting bodies and ascospores, the AnoxA/B double mutant has
reduced pathogenicity on wheat. To elucidate the mechanism of NOX enzymes, an LC-MS approach was used to examine redox changes in
the AnoxA/B proteome compared to wild-type F. graminearum strain. Samples were enriched for redox sensitive cysteine residue(s) and
candidate proteins were identified via shotgun (gel free) linear ion trap mass spectrometery. Deletion analyses and overexpression of one of
the candidate genes with modified cysteine residues confirmed that it is likely a genuine substrate of the NOX enzyme complex. Deletion
of Fg10089 as well as modification of this cysteine residue results in reduced virulence on wheat. However, no differences in the
production of 15-A deoxynivalenol in culture is observed. The further characterization of this protein and its contribution to
F.graminearum physiology and function will be examined.

36. Biosynthesis of DON/15-ADON and NX-2 by different variants of TRI1 from Fusarium graminearum. Gerlinde Wiesenberger?,
Elisabeth Varga?, Philipp Fruhmann®, Romana Stiickler!, Todd Ward*, Rudolf Krska?, Franz Berthiller?, Gerhard Adam®. 1) Department of
Applied Genetics and Cell Biology, University of Natural Resources and Life Sciences (BOKU), 3430 Tulln, Austria; 2) BOKU,
Department for Agrobiotechnology (IFA-Tulln), Center for Analytical Chemistry and Christian Doppler Laboratory for Mycotoxin
Metabolism, 3430 Tulln, Austria; 3) Institute of Applied Synthetic Chemistry, Vienna University of Technology, 1060 Vienna, Austria; 4)
USDA-ARS, Bacterial Foodborne Pathogens & Mycology Research Unit, PEORIA, IL, 61604-3999, USA.

Fusarium graminearum is one of the economically most important plant pathogens causing diseases such as Fusarium Head Blight
(FHB) of small grain cereals and ear rot of maize. During a large scale survey of F. graminearum (sensu strictu) in the northern US strains
(N-strains) had been discovered (Liang et al., 2014), which show normal aggressiveness and produce a novel type A trichothecene termed
NX-2. This mycotoxin looks like 3-ADON, but lacks the keto group at C-8 (Varga et al., 2014).

In various Fusarium species oxidation at C-7 and C-8 of trichothecenes is performed by P450 monooxygenases encoded by TRI1 genes.
We sequenced the TRI1 genes of several N-isolates and found 14 AA changes between the Tril proteins of PH-1 and the N-strains. By
swapping the coding regions of the DON/15-ADON producing strain PH-1 and one of our N-isolates (WG-9) we confirmed, that the N-
variant of the Tril protein is responsible for the specific oxidation at the C-7 of NX-2 (Varga et al., 2014).

We constructed hybrid genes to investigate which amino acids in the Tril proteins account for the specific oxidation reactions. Since
functional tests are tedious and time consuming in Fusarium, we have set up a yeast system for investigation of the Tril proteins. We
purified large amounts of calonectrin, which is an intermediate compound and the substrate for the Tril monooxygenase and plan to feed
this to a newly constructed trichothecene resistant Saccharomyces cerevisiae strain expressing the TRI1 cDNAs from PH-1, WG-9 and
various hybrid genes.

37. Alteration of ergot alkaloid profile in Epichloé coenophiala by surgical trim of a chromosome end. Simona Florea®, Mark L.
Farman®, Daniel G. Panaccione?, Christopher L. SchardI'. 1) Plant Pathology, University of Kentucky, Lexington, KY; 2) Division of Plant
& Soil Sciences, West Virginia University, Morgantown, WV.

Tall fescue (Lolium arundinaceum) is an agronomical important cool season grass inhabited by Epichloé coenophiala, a fungal symbiont,
whose presence greatly increases the plant resistance to different biotic and abiotic stresses. Strains of E. coenophiala can produce a
complex cocktail of toxic compounds such as ergot alkaloids, which are known to be the culprits for fescue toxicosis on grazing animals.
These compounds pose major risks to livestock health and detrimental effect to their performance, with annual US losses of ca. $1 billion
yearly. Epichloé coenophiala €19 strain is a hybrid of three parental species, two of which contributed homologous ergot alkaloid gene
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clusters, designated EAS1 and EAS1. The genome sequencing of this strain revealed that the two ergot alkaloid gene clusters are telomeric.
This information prompted us to develop a strategy that trimmed in a non-transgenic manner the chromosome ends harboring the ergot
alkaloid cluster. Through this technology, we developed fungal strains that would confer the crucial benefits to the grass but would be free
of toxic ergot alkaloid ergovaline. Such strains introduced into elite tall fescue cultivars would have superior performance over the existing
commercial cultivars due to improvements in both grass and its endophyte.

38. trp1* vector transformation in auxotrophic Coprinopsis cinerea strains generates less clones than co-transformation with a non-
trpl* vector. B. Dérnte, U. Kiles. Dept Molec Wood Biotech, Univ Goettingen, Goettingen, Germany.

Genetic transformation of Coprinopsis cinerea as first described by Binninger et al. (1987) makes use of the integrative vector pCc1001
with the C. cinerea tryptophan synthetase gene trp1”. This gene allows the complementation of trp1” auxotrophies in the fungus and serves
as a selection marker in protoplast transformations. During such process, the transforming DNA integrates, singly or in tandem, at one or
more ectopic sites into the host genome. Multiple integrations offer the chance of co-transformation of different vectors at the same time.
With equal amounts of vectors, equal numbers of nuclear sites should then become occupied by two distinct DNAs. Using pCc1001 for
transformation revealed however a surprising phenomenon. Co-transformation with a non-trp1* vector doubles numbers of transformants
compared to the single trp1™ vector transformation. In contrast, using the selection marker pab1* (for PABA synthetase) resulted in single
and in co-transformation in the same numbers of transformants. Thus, the phenomenon is specific to trp1*. Neither lengths modification of
the trp1* harboring fragment in pCc1001 nor changing the vector backbone eliminated the phenomenon. Testing different relative trp1*
vector to non-trp1* vector concentrations showed that a decreasing concentration of the non-trp1* vector in co-transformations reduces the
number of clones, finally down to the level of the single vector transformation. These results lead to the conclusion that multiple integration
of trp1* copies in single-transformation may lead to Trp1 and so to tryptophan overproduction and, in consequence, to a shutdown of the
tryptophan biosynthesis pathway due to feedback inhibition. Higher numbers of clones in co-transformations might then be explained by
block of potential insertion sites for the trp1™ vector by the non-trp1* vector DNA. For verification, we tested the effect of site specific
DNA integration in a non-homologous-end-joining deficient strain and the above phenomenon disappeared. Also in line with this
conclusion, addition of the tryptophan precursors (anthranilate, indole) or the aromatic amino acids (phenylalanine, tyrosine) strongly
reduced the numbers of trp1™ clones in single and co-transformations.

39. Switching the fate of mRNA transcripts for mitochondrial biogenesis in Saccharomyces cerevisiae. Chien-Der Lee, Benjamin Tu.
UTSW, Dallas, TX.

PUF proteins are conserved post-transcriptional regulators that bind in a sequence-specific manner to the 3’UTRs of mRNA transcripts.
Paradoxically, PUF proteins have been proposed to promote both degradation of their target mMRNAs as well as their translation. Herein, we
show how a yeast PUF protein Puf3p responds to glucose availability to switch the fate of its bound transcripts that encode proteins
required for mitochondrial biogenesis. Upon glucose depletion, Puf3p becomes phosphorylated, associates with polysomes, and promotes
translation of its target mMRNAs. As such, nutrient-responsive phosphorylation toggles the activity of Puf3p to promote either degradation or
translation of these mMRNAs according to the needs of the cell. Such activation of translation of pre-existing mMRNAs might enable rapid
adjustment to environmental changes without the need for de novo transcription. Strikingly, a Puf3p mutant that prevents its
phosphorylation no longer promotes mRNA translation but also becomes trapped in intracellular foci in an mMRNA-dependent manner. Our
findings suggest how the inability to properly resolve Puf3p-containing mRNA-protein granules via a phosphorylation-based mechanism
might be toxic to a cell.

40. Production of natural statins using heterologous expression in Aspergillus oryzae. Magdalena Koziol, Jeroen Maertens, Colin M.
Lazarus. University of Bristol, Bristol, United Kingdom.

Statins are HMG-CoA reductase inhibitors and, as inhibitors of cholesterol biosynthesis, have been prescribed as the world’s most
valuable pharmaceuticals. Pharmaceutical preparations, such as simvastatin and pravastatin, are produced semi-synthetically following
fermentation of producers of the natural products compactin (Penicillium citrinum) and lovastatin (Aspergillus terreus), while atorvastatin
is a fully synthetic product. Heterologous production of lovastatin in Aspergillus oryzae could be achieved by transferring 5 genes from A.
terreus on 2 multigene expression vectors. One vector carried genes encoding a nonaketide synthase, an enoyl reductase and a cytochrome
P450, while the other vector carried genes for a diketide synthase and an acyl transferase whose function is to join the polyketide chains.
However lovastatin production was enhanced by the inclusion of a sixth gene encoding a thioesterase required to release the nonaketide
from the synthase enzyme. This work has been replicated using genes from a P. citrinum gene cluster to produce compactin in A. oryzae.
Since lovastatin and compactin differ only by a single methyl group on the nonaketide, work is currently in progress to assess the
specificities of the enzymes that have the methylated or non-methylated nonaketide chain as a substrate, and to investigate the reciprocal
conversion of the nonaketide synthases for lovastatin and compactin synthesis by domain swapping.

41. Molecular characterization of secondary metabolism in the phytopathogenic fungus Ustilago maydis. ESMERALDA REYES
FERNANDEZ', ZAKARIA BARIE?, MARC STRICKERT?, HELGE BODE? MICHAEL BOLKER®. 1) University of Marburg,
Department of Genetics, Karl-von-Frisch-Str. 8, 35032 Marburg, Germany; 2) Goethe University, Institute for Molecular Life Sciences,
Max-von-Laue-Str. 9 Biocenter, N250, 60438 Frankfurt, Germany; 3) University of Marburg, Department of Mathematics and Computer
Science, Hans-Meerwein-Str. 6, 35032 Marburg, Germany.

Ustilago maydis is a well established model organism for the study of plant-microbe interactions although its biosynthetic potential has
not been totally explored. In this work, we focused our attention on identifying potential secondary metabolite gene clusters and their
biological function in U. maydis. Bioinformatics approaches as SMURF (Secondary Metabolite Unknown Region Finder) and antiSMASH
(antibiotics and Secondary Metabolite Analysis Shell) allowed the prediction of a gene cluster (Cluster “A”) that was further verified by
manual inspection. The gene cluster was composed of 14 genes, including a transcription factor, three polyketide synthases and a
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cytochrome P450 monooxygenase. Overexpression of the transcription factor resulted in the activation of the whole cluster and triggered
the production of a black-greenish pigment after prolonged incubation. LC-MS analysis revealed a mix of compounds derived from
tetrahydroxynapthalene. We are currently generating single knockout mutants in order to have a better understanding of the role of each
gene in the biosynthesis of these compounds.

42. Expression of Agaricus bisporus manganese peroxidases in Schizophyllum commune. Aurin Vos*, Tom van den Brule!, Klaas
Nieropz, Luis Lugonesl, Han Wosten®. 1) Biology, Utrecht University, Utrecht, the Netherlands; 2) Earth Sciences, Utrecht University,
Utrecht, the Netherlands.

White rot fungi are thought to degrade lignin using AA2 enzymes like lignin peroxidase, manganese peroxidase (MnP) and versatile
peroxidase. It is unclear if S. commune is a white rot or brown rot fungus. This basidiomycete is a poor lignin degrader. No genes encoding
AA2 enzymes are found in its genome, while it is enriched in AA9 genes. This would place S. commune in between brown and white rot
fungi. We here introduced two A. bisporus mnp genes in S. commune. gPCR verified expression of these genes in S. commune.
Decoloration of RBBR by mnp expressing S. commune strains indicated production of active MnP. This was confirmed using the
MBTH/DMAB assay. Addition of hemin to standing cultures increased MnP activity 5-fold. Pyrolysis analysis indicated that a S. commune
strain expressing both MnPs of A. bisporus degraded lignin in birchwood . The G subunit of lignin seems to be preferentially degraded.
These data show that the ligninolytic pathway of white rot fungi can be reconstituted in S. commune.

43. Heterologous expression of natural product biosynthesis genes in Aspergillus oryzae. Marie Dollmann, Pitchapa Markwalder,
Hélene Lecoq, Anne Schitter, Christian Thibaut, Kathrin Buntin, Klaus Memmert, Charles Moore, Frank Petersen, Dominik Pistorius,
Esther Schmitt, Tim Schuhmann, Ying Wang, Eric Weber, Joanne Wong. Natural Products Unit, Novartis Institutes for Biomedical
Research, Lichtstrasse 35, CH-4002 Basel, Switzerland.

Filamentous fungi are a prolific source of bioactive compounds. The advent of rapid and economical genome sequencing has shed light
on a multitude of gene clusters encoding the biosynthesis of natural products, most of which contain polyketide synthases (PKSs) or non-
ribosomal peptide synthetases (NRPSs). However in most cases such gene clusters are silent, and a heterologous expression system is
warranted to elucidate gene function and to facilitate the production and chemical characterization of the compounds. We will present our
results in the expression of fungal megasynthases in Aspergillus oryzae.

44, Proteomic analysis during hyperosmotic stress revels a complex osmoadaptative repertoire by the pathogenic dimorphic fungus
Paracoccidioides sp. Leandro Rodrigues®, Wesley Brito™*3, Ana Flavia Parente®, Alexandre Bailao®, Célia Soares®. 1) UFG - ICBII,
Goiania, GO; 2) UEG - UnuCET, Anapolis, GO; 3) UniEVANGELICA, Anapolis, GO; 4) UFAM - ICB, Manaus, AM, Brazil.

Paracoccidioidomycosis (PCM) is an important human systemic mycosis with a broad distribution in Latin America. The disease is
caused by the dimorphic fungus Paracoccidioides sp. The infection occurs primarily in the lungs, from where the fungus can disseminate
via the bloodstream and/or lymphatic system to all parts of the body, rendering the disseminated form of PCM, and in this way the
pathogen deal with changes in the osmotic pressure. In this work, we have evaluated the proteomic profile of yeast cells of
Paracoccidioides sp., isolate Pb01 (ATCC MYA - 826), in hyperosmotic stress condition induced with 0.1M of KCI. The increase in
transcriptional levels of hog (high osmolarity glycerol) after 6 hours at high salt concentration was used to define the exposure time and the
concentration to stressor agent. Also, cell viability was checked by using propidium iodide as dead cell marker. Yeast cells were
subsequently submitted to protein extraction and tryptic digestion. Peptides were separated by NanoUPLC and analyzed by mass
spectrometry using a label free quantification approach (MSF). Three hundred seventy five protein species were identified as differentially
expressed in the osmotic stress condition and were classified according FunCat2. The results suggest a cell wall remodeling, considering
the increased expression of glucan biosynthesis enzymes and the decreased expression of chitin biosynthesis enzymes during hyperosmotic
stress. This hypothesis was reinforced by the altered content of cell wall polyssacharides detected by both, cell wall carbohydrate
quantification and chitin detection by fluorescence microscopy in the presence of Calcofluor White. In addition, it was also observed
alterations in the energy metabolism, converging the metabolic products to glycerol synthesis. Further, proteins involved in amino acid
metabolism and hydrogen peroxide detoxification reactions were modulated. Hereupon, our study suggests that Paracoccidioides sp. is
able to minimize the effects caused by hyperosmotic stress presenting a vast osmoadaptative repertoire.

45. A nitrogen tranceptor in the oleaginous yeast Yarrowia lipolytica. Erin Bredeweg, Kyle Pomraning, Young-Mo Kim, Thomas Metz,
Scott Baker. Cell Isolation and Systems Analysis, EMSL at PNNL, Richland, WA.

Membrane bound permease-like proteins located at the plasma membrane aid fungi in sensing nutrient molecules in the surrounding
environment. Detection of molecules unleashes a cascade of signals which alter transcription and translation of relevant acting
permeases. The amino acid sensor SSY1 in Saccharomyces cerevisiae signals downstream to a kinase cascade through PTR3, and to a
self-cleaving protease SSY5, which goes on to activate transcription factors STP1 and STP2. The oleaginous yeast Yarrowia lipolytica
contains homologues to these proteins, which feature domains relevant to their functions in S. cerevisiae. We are evaluating mutants of the
Y. lipolytica SPS complex (ssyl-ptr3-ssy5) for their ability to utilize, respond to, and uptake amino acids. Y.lipolytica PTR3 is upregulated
during later nitrogen limitation, concurrent with lipid accumulation. Y. lipolytica accumulates a high concentration of triglycerides in lipid
droplets, a characteristic which is being developed for production of biofuel precursors. However, little work has been done on the
regulation of lipid metabolism in Y. lipolytica, which is dependent upon carbon and nitrogen availability. Understanding nitrogen sensing
and signaling in this fungus may improve it as a host for efficient biofuel production.
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46. Duplication and redundancy of leucine, valine and isoleucine biosynthesis genes in Aspergillus nidulans. Damien Downes, Pierre
Migeon, Cameron Hunter, Richard Todd. Department of Plant Pathology, Kansas State University, Manhattan, Kansas, USA.

The branched chain amino acids (BCAA) leucine, isoleucine, and valine are essential dietary amino acids in mammals; fungi, however,
can synthesize these three amino acids. For this reason, BCAA biosynthesis enzymes have been suggested as possible drug targets for
treatment of infections by opportunistic pathogens such as Aspergillus fumigatus. Synthesis of the three BCAAs has been well
characterized in the yeast Saccharomyces cerevisiae. However, recent work on the BCAA pathway enzymes dihydroxyacid dehydratase in
A. fumigatus and a-isopropylmalate synthase Aspergillus nidulans has shown divergence with S. cerevisiae in the number of genes
encoding functional enzymes for these steps. The final two steps of leucine biosynthesis are carried out by B-isopropylmalate
dehydrogenase (B-IDH) and BCAA aminotransferase (BAT), but the genes encoding these enzymes have not yet been characterized in the
Aspergilli. In S. cerevisiae, there is one B-IDH gene and two BAT genes. The BATS also catalyze the final step of isoleucine and valine
production. Using protein sequence similarity we identified two B-IDH encoding genes in A. nidulans: leuD and leuE. We have deleted
these genes by gene replacement and shown that leuDA, but not leUEA, causes a leaky leucine auxotrophy. A leuDA leuEA double mutant
is a strict leucine auxotroph and therefore both genes encode functional enzymes. Using quantitative RT-PCR we showed the difference in
phenotypes is likely due to higher expression of leuD than leuE. We have also identified six putative BAT encoding genes, batA-F, by
protein sequence similarity to Bat1lp and Bat2p from yeast. Deletion of these six genes separately does not result in BCAA auxotrophy.
However, simultaneous deletion of the two most highly expressed genes batA and batB is sufficient to confer BCAA auxotrophy,
suggesting that batC-F may have evolved new roles within A. nidulans since duplication. With the identification of leuD, leuE, batA and
batB the genes encoding the final steps of branched chain amino acid biosynthesis in A. nidulans have now been elucidated.

47. Detoxification of 5-hydroxymethylfurfural (HMF) by the Pleurotus ostreatus lignolytic enzymes aryl alcohol oxidase and
dehydrogenase. D. Feldman®, D. Kowbel?, L. Glass?, O. Yarden®, Y. Hadar. 1) Department of Plant Pathology and Microbiology, The
R.H. Smith Faculty of Agriculture, Food and Environment, The Hebrew University of Jerusalem, Rehovot 76100, Israel; 2) Department of
Plant and Microbial Biology, University of California at Berkeley, Berkeley, California 94720, USA.

Current large scale pretreatment processes for lignocellulosic biomass are accompanied by the formation of degradation products, such as
5-hydroxymethylfurfural (HMF). HMF inhibits the cellulolytic enzymes and the ethanol-producing yeast. Overcoming these toxic effects is
a key technical barrier in the biochemical conversion of biomass feedstock to biofuels. Pleurotus ostreatus, a white rot fungus, has a variety
of secreted proteins involved in lignin biodegradation that include phenol oxidases and peroxidases, as well extracellular H,O,-producing
enzymes such as aryl-alcohol oxidases (AAO) and intracellular aryl alcohol dehydrogenase (AAD).

P. ostreatus was capable of metabolizing and detoxifying 30 mM of HMF within 48 hours to 2,5-bis-hydroxymethylfuran and 2,5-
Furandicarboxylic acid, which subsequently allowed for normal yeast growth. The addition of HMF significantly elevated expression levels
of AAOs (aaol-6) and AAD (aadl). Expression levels increased 30-300 fold by 24 hrs, and as fast as 30 min after exposure to HMF.
Subsequently, the abundance of AAOs and AAD was increased in the presence of HMF. HMF metabolism was also followed in vitro with
fungal extract pre-exposed to the compound. AADs activity was coupled with NADPH, and AAOs metabolized HMF while generating
H,0,.

We conclude that AAO and AAD-encoding gene family members are part of the transcriptional and translational reaction to HMF.
Functional redundancy exists between the genes and their products, even though their roles in the reaction may differ. We propose that P.
ostreatus can serve as gene pool for heterologous expression in yeast, or be integrated in biomass pretreatment.

48. Manganese ion deficiency plays a pivotal role in the itaconic acid production of Aspergillus terreus. Rafael Diaz, Benedek Papp?,
Erzsébet Fekete!, David Andrasi?, Erzsébet Sandor?, Christian P. Kubicek®, Levente Karaffa®. 1) Biochemical Engineering, University of
Debrecen, Debrecen, Hungary; 2) Institute of Food Science, University of Debrecen, H-4032 Debrecen, Hungary; 3) Austrian Centre of
Industrial Biotechnology, A-8010 Graz, Austria.

Itaconic acid (1A) is an unsaturated dicarboxylic acid. The conjunction of the two carboxyl groups and the methylene group that is able to
participate in polymerization reactions makes it a potential new platform chemical derived from sugars.

1A is mostly produced by large-scale submerged fermentation by Aspergillus terreus. Although the biochemical pathway and the
physiology leading to 1A is almost the same as that leading to citric acid in A. niger, both the volumetric (g/L) and the specific yield (g/g
carbon source) of IA are by far lower than for citric acid. Citric acid is known to accumulate to high levels only when a number of
nutritional parameters are carefully adjusted, but these are not used in research on 1A production. Two of those parameters are the
concentration of the carbon source (D-glucose) and the concentration of Mn ions in the medium. We have here investigated the effect of
variation in these parameters on IA production by A. terreus: we show that Mn (I1) concentrations above 3 ppb decrease I A production in a
concentration-dependent manner, with 1.000 ppb resulting in less than 40 percent of the volumetric yield achieved under identical
conditions. We also provide evidence that increasing the D-glucose concentration increases the specific yield of IA. Both findings are in
agreement with the effect of these parameters on citric acid production by A. niger, thus showing that the transfer of its fermentation
technology to A. terreus and IA production can be used to arrive at high yields of this acid.

Acknowledgement: This research was supported by the EU and co-financed by the European Social Fund under the project ENVIKUT
(TAMOP-4.2.2.A-11/1/KONV-2012-0043), by the OTKA (K1006600) and by the QuantFung Project (FP7, Proposal Nr. 607332). LK is a
recipient of a Bélyai Janos Research Scholarship.
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49. RNA interference mediated suppression of ornithine decarboxylase to investigate polyamine metabolism in Cryphonectria
parasitica. M. Pokharel, A.L Dawe. Molecular Biology Program and Department of Biology, New Mexico State University, Las Cruces,
NM.

RNA interference (RNAI) machinery has been known as a valuable tool for deciphering the essential vital functions of genes in many
eukaryotes, including fungi. This study involves targeting an important gene of polyamine biosynthesis pathway, ornithine decarboxylase
(odc), by expression of hairpin RNA in Cryphonectria parasitica. C. parasitica is a filamentous fungus that can be infected by hypoviruses,
which cause altered metabolism, development and virulence-attenuation of the fungus. Previous work has shown that the polyamine
synthesis pathway was significantly altered, with spermidine accumulating to a 50-fold greater relative amount in the presence of
hypovirus. To better understand the role of the polyamine pathway in C. parasitica, we examined the effects of the addition of 1,4-
diaminobutanone (DAB), an odc inhibitor. We observed a reduction of mycelial growth and conidiation, which was reverted by addition of
exogeneous putrescine. 1mM exogeneous putrescine was shown to be enough to revert 0.5mM DAB treated fungi in virus free strain,
however the virus infected strain required as high as 6mM putrescine. Attempts to knock out the odc gene were not successful, possibly
suggesting that its absence is lethal. To develop an RNAI approach, we used an expression vector that utilizes a copper regulated inducible
promoter system to control the hairpin RNA expression. Similar to the DAB treatment, transformants expressing the odc-RNAi construct
showed reduced mycelial growth and conidiation under inducing conditions and could be reverted by addition of exogenous putrescine. To
further confirm the targeted effect of the RNAI expression, testing of the construct is also underway in strains that lack key components of
the RNA silencing mechanism. This study demonstrates an essential role for ornithine decarboxylase in mycelial growth and conidiation in
C. parasitica.

50. Transport proteins for itaconic acid production in Aspergillus niger. Matthias G. Steiger>*, Peter J. Punt>*, Arthur F. J. Ram?,
Diethard Mattanovich*, Michael Sauer*“. 1) Austrian Centre of Industrial Biotechnology (ACIB GmbH), Muthgasse 11, 1190 Vienna,
Awustria; 2) University Leiden, Institute of Biology, Sylviusweg 72, 2333 BE Leiden, The Netherlands; 3) TNO Microbiology and Systems
biology, Zeist, AJ 3700, The Netherlands; 4) University of Natural Resources and Life Sciences, Department of Biotechnology, Muthgasse
18, 1190 Vienna, Austria.

Aspergillus niger is a well-established host organism for the production of carboxylic acids. Acids like citric, gluconic and oxalic acids
can be produced and high titers are obtained. The formation of carboxylic acids involves the shuttling of intermediate metabolites between
different intracellular compartments and utilizes different enzymatic capabilities of the respective compartment. The knowledge about the
involved shuttling mechanisms and the localization of the necessary enzymes is still fragmentary.

In order to analyze the influence of compartmentalization on organic acid production, we have chosen itaconic acid as a target substance.
Itaconic acid, which was selected by the US Department of Energy as one of the 12 building block chemicals for the industrial
biotechnology, is currently produced by A. terreus. Heterologous expression of A. terreus cadA gene enables the formation of itaconic acid
in A. niger although only low titers are obtained. An increase of the productivity was obtained by targeting the pathway to the
mitochondria. Furthermore, it was shown that the heterologous expression of two transport proteins which are found in close proximity to
the cadA gene in A. terreus, have a positive impact on the itaconic acid formation.

These two transport proteins are now characterized in more detail making use of an inducible promoter system. Their localization in the
cell is determined tagging the proteins with GFP and fluorescence microscopy. Furthermore, the substrate specificity of the mitochondrial
transporter is elucidated by a rearrangement of synthetic metabolic pathways.

51. Fungal cell factories for the production of biochemicals in biorefineries. L. Yang, M. Liibeck, P. Liibeck. Aalborg University,
Copenhagen, Copenhagen SV, Denmark.

Currently there is a growing demand for sustainable production of biochemicals that substitute fossil based chemicals. Filamentous fungi
are of great interests as biocatalysts in biorefineries as they naturally produce and secrete a variety of different organic acids that can be
used as building blocks in the chemical industry. Aspergilli, as biotechnology workhorses, have great potentials as cell factories for
production of organic acids. Strains of the black Aspergillus carbonarius naturally produce citric acid and gluconic acid in high amounts
and have vast abilities in utilizing a broad range of substrates. The fungus has excellent tolerance to stress conditions and therefore is
considered as a potential biocatalyst that could be used in lignocellulosic biorefineries. Ideally, by utilizing both its large potentials for
secretion of hydrolytic enzymes and of organic acids, the fungus could be considered in a consolidated approach where it hydrolyses the
plant biomasses and ferments the resulting sugars into different organic acids. However, for developing the fungus into an efficient
biocatalyst for biochemical production, it is necessary to include metabolic engineering of biochemical pathways for increasing the glucose
and xylose uptake and flux, and direct the carbon towards production of the selected organic acids. In our project, engineering of selected
genes in the glycolytic pathway and in the pentose phosphate pathway have led to increased citric acid production. Furthermore, the effects
of deleting the gluconic acid producing pathway and inserting an alternative cytosolic pathway on organic acid production were also
evaluated. The impact of these genetic modifications on organic acid production will be presented.

52. Response to nitrogen limitation in Yarrowia lipolytica. Kyle Pomraning, Siwei Wei, Young-mo Kim, Carrie Nicora, Therese Clauss,
Rosalie Chu, Sam Purvine, Ziyu Dai, Erin Bredeweg, Dehong Hu, Sue Karagiosis, Richard Smith, Galya Orr, Thomas Metz, Scott Baker.
Pacific Northwest National Laboratory, Richland, WA.

Yarrowia lipolytica is an oleaginous ascomycete yeast that accumulates high levels of triglycerides in a specialized organelle called the
lipid body. Fatty acid methyl esters derived from triglycerides and other lipids are liquid fuel precursors making Y. lipolytica a useful
organism for the production of renewable bioenergy. Lipogenesis can be induced by limitation of nitrogen but the metabolic pathways
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leading to this response have not been thoroughly characterized in Y. lipolytica. We have analyzed Yarrowia’s response to nitrogen
limitation in batch cultures using proteomics, phospho-proteomics and metabolomics to deepen our understanding of how this organism
regulates and controls lipid metabolism. Initial results have identified shifts in metabolite pools between wild-type Y. lipolytica growing in
high (C/N =10) or low (C/N = 150) nitrogen conditions as well as a number of phosphorylated proteins involved in lipid metabolism,
including Acetyl-CoA Carboxylase which catalyzes an important step in de novo biosynthesis of long-chain fatty acids. We have
constructed strains and vectors for replacing, overexpressing, and GFP tagging proteins in Y. lipolytica and are putting them to use
analyzing the function of genes implicated in nitrogen limitation induced lipogenesis by these -omics experiments.

53. Evidences that a secondary metabolite is the Fe**-reductant secreted by an ectomycorrhizal fungus during decomposition of
litter material. Firoz Shah?, Daniel Schwenk?, César Nicolas®, Per Persson®, Dirk Hoffmeister?, Anders Tunlid’. 1) MEMEG, Department
of Biology, Lund University, Lund, Sweden; 2) Department of Pharmaceutical Biology at the Hans-Knéll Institute, Friedrich-Schiller-
Universitat, Jena, Germany.

Ectomycorrhizal (ECM) fungi are thought to play a key role in mobilizing nutrients embedded in recalcitrant organic matter complexes
and thereby making them accessible to the host plant. Recent work combining spectroscopic analyses with transcriptome profiling have
indicated the oxidative degradation of litter extract involving Fenton chemistry (Fe** + H,0,+ H*— Fe** + "OH + H,0) by the ECM
fungus Paxillus involutus. In many wood-degrading brown-rot fungi, secreted metabolites are one of the component which drive one-
electron reductions of Fe** and O,, generating Fenton reagents. We therefore investigated if such compounds are also produced by the
ECM fungus P. involutus during litter degradation. Activity-guided purification was performed to isolate the Fe**-reducing compound (s)
secreted by P. involutus during growth on organic matter extract. The Fe®*- reducing activity correlated with the presence of one
compound. Mass spectrometry and NMR identified this compound as the diphenylcyclopentenone pigment involutin. A major part of the
involutin produced by the fungus during organic matter decomposition was secreted into the medium and the pigment was not detected
when the fungus was grown in a mineral nutrient medium. We also found that under physiological concentration of H,O,, involutin has the
capacity to drive an in vitro Fenton reaction. Our results suggest that mechanisms for generating the Fenton reagents by secreted
metabolites are similar in ECM fungi and saprophytic brown-rot fungi. It remains to be determine whether involutin can reduce Fe** from
mineral complexes in natural soil systems or if cooperative processes including other metabolites are required.

54. The ORF NCUO08772 encodes a putative multifunctional cyclin involved in germination, cell cycle regulation, germination and
glycogen metabolism in Neurospora crassa. Thiago de Souza Candido, Fernanda Barbosa Cupertino, Maria Célia Bertolini. UNESP - 1Q
- Araraquara, SP.

Neurospora crassa has been widely used as a model organism for fundamental aspects of eukaryotic biology. In a Blast search, we found
the Neurospora crassa NCU08772 ORF product as the Saccharomyces cerevisiae Pcl10p cyclin homologue having (32% of identity) at
protein level. In yeast, the Pcl10p protein, together with the Pho85p cyclin-dependent protein kinase, phosphorylates glycogen synthase, the
regulatory enzyme in glycogen synthesis. Phosphorylation results in the enzyme inactivation and, therefore, decreaseding the glycogen
accumulation storage. The pcl-1X° strain showed a delay in germination and a shift in the timing of cell division when compared to the
wild-type strain suggesting that this cyclin regulates fungal development and cell division. The knocked out strain showed accumulated
higher levels ofin the glycogen than the wild-type strain accumulated during growth than the wild-type strain. The glycogen synthase
(GSN-1) phosphorylation, and its activation state, was monitored by the —-G6P/+G6P activity ratio, higher levels correlating with greater
activity. The mutant strain showed lower phosphorylation, and then higher activity during growth, a result that explains the hyper-
accumulation of glycogen. The GSN-1 phosphorylation profile in the mutant strain was analyzed by 2D-PAGE followed by Western
blot. GSN-1 presented less phosphorylated isoforms than the wild-type strain. The N. crassa recombinant proteins PHO85, PCL-1 and
GSN-1 proteins were produced in E. coli and used in in vitro phosphorylation assays. GSN-1 was phosphorylated by PHO85/PCL-1 and
determined the putative phosphorylation site (Ser636). The expression of the genes encoding the enzymes involved in synthesis and
degradation of glycogen was analyzed by gPCR. There were no significant differences in gene expression between the two strains
indicating that the difference in glycogen levels was a consequence of the phosphorylation state of GSN-1 in the mutant strain and not in
the gene expression. Supported by FAPESP, CNPq.

55. Metabolism of the chitin monomer N-acetylglucosamine in Neurospora crassa. R. Gaderer, L. Kappel, V. Seidl-Seiboth. Vienna
University of Technology, Vienna , Austria.

Chitin is not only an important structural component of the fungal cell wall but also the second most abundant biopolymer on earth.
Filamentous fungi have a multitude of chitinases for chitin degradation. The monomer GIcNAc is intracellularly converted into fructose-6-
phosphate, but the catabolism of GICNAc has so far only been investigated in bacteria and the yeast Candida albicans, but not in
filamentous fungi. We found that in filamentous fungi the genes involved in GIcNAc catabolism are clustered and that this cluster contains
an NDT80-like transcription factor, which is not present in C. albicans. N. crassa has three NDT80-like transcription factors. Two of them,
VIB1 and FSD1 are involved in sexual development and programmed cell death. The gene for the third one, which we named ron-1
(regulator of N-acetylglucosamine catabolism), is located in the GIcNAc catabolism gene cluster and so far no phenotype or overlap in
function with either fsd-1 or vib-1 was detected. Moreover a GH 3-family gene with proposed B-N-acetylhexosaminidase activity is present
in the cluster. Growth assays showed that, in contrast to other fungi, GICNAC is surprisingly a very poor carbon source for N. crassa.
GIcNAC turned even out to be growth-inhibiting upon in the presence of other carbon sources. Nonetheless N. crassa was still able to grow
on chitin, probably due the slow release of GIcNAc from this polymer, leading to non-inhibitory concentrations. We performed an analysis
of knockout mutants of the GIcNAc catabolism cluster genes. GIcNAc-6-phosphate deaminase has been reported to be a rate-limiting step
in bacteria. The lack of this gene also completely abolished growth of N. crassa on GIcNAc-containing media, which can probably be
attributed to deleterious effects of GICNAc-6-phosphate. Complementation of this mutant with the GIcNAc-6-phosphate deaminase from
Trichoderma reesei restored growth on GIcNAc to N. crassa wild-type levels, but not beyond that, which suggests that other steps are rate-
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limiting for the inability of N. crassa to metabolize GIcNAc efficiently.

56. The RACK1 homolog CPC-2 regulates cross pathway control via post-translational regulation of the bZIP transcription factor
CPC-1 in Neurospora crassa . Arit Ghosh, Amruta Garud, Katherine Borkovich. Plant Pathology & Microbiology, University of
California, Riverside, Riverside, CA.

Cross pathway control or general amino acid control is a global response mechanism by which eukaryotic cells can respond to changes in
amino acid starvation. Depletion of one amino acid can lead to upregulation of various enzymes vital to other amino acid biosynthetic
pathways. In the filamentous fungus Neurospora crassa, derepression of the bZIP transcription factor cpc-1 (cross pathway control-1) is
essential for transcriptional induction of amino acid biosynthetic genes when cells are artificially starved for histidine through
supplementation with 3-aminotriazole. The WD40 protein/ RACK1 homolog- encoding gene — cpc-2 (cross pathway control-2) has also
been found to be an important component of the cross pathway network in N. crassa, with added functions in female fertility and negative
control of asexual sporulation. We have found that CPC-2 plays a positive role in activating general amino acid control under starvation
conditions in N. crassa, as deletion of cpc-2 blocks transcriptional induction of amino acid biosynthetic genes — arg-3, trp-3 and his-3 -
under starvation. Interestingly, these genes are de- repressed under non-starvation conditions in the cpc-2 deletion mutant. Additionally we
have detected a putative higher molecular weight form of CPC-1 protein using western analyses. Although cpc-1 transcript levels are
elevated in the cpc-2 knockout mutant, the higher molecular weight form of CPC-1 protein is down regulated. Also, cpc-1 mRNA is
present on higher molecular weight polysomes in both wild type and the cpc-2 knockout mutant. This suggests that CPC-2 mediated
regulation of CPC-1 might occur at the post- translational level.

57. Understanding pathway based auxin biosynthesis and transport in filamentous fungi through structure-function correlation
and its evolutionary consequences. Puspendu Sardar, Frank Kempken. Genetics & Molecular Biology in Botany, Institute of Botany,
CAU-Kiel, Kiel, Germany.

The phytohormone auxin (IAA) can be synthesized from the amino acid tryptophan (Trp) via different pathways. The YUCCA (YUC),
the indole-3-pyruvic acid (IPA), the indole-3-acetamide (IAM), and the indole-3-acetaldoxime (IAOXx) are four proposed pathways for
biosynthesis of IAA from Trp in green plants [1]. While auxin production in filamentous fungi has been described earlier [2], the exact
pathway for IAA production is poorly understood so far and so is auxin transport. Tryptophan aminotransferase (TAM), pyruvate
decarboxylase (IPD), indole-3-acetaldehyde dehydrogenase (IAD) and YUC are important intermediate proteins involved in auxin
biosynthesis pathways in green plants. Employing a computational approach we examine the involvement and putative role of above
mentioned enzymes in auxin biosynthesis pathway and transport in filamentous fungi. In addition we analyze structure-function
conservation throughout the evolution. For this study we have used the filamentous fungus Neurospora crassa as the focal species. Primary
results suggest that tam1, ipd, iad1 and yuc genes are present in a wide range of fungi across the fungal kingdom. Moreover gene
NCUO00589.7 present in N. crassa has a homolog in Arabidopsis thaliana with a similar annotation as "auxin efflux carrier family protein™.
In particular, we have studied the structure-function conservation and correlation of the encoded proteins of the candidate genes using
homology modeling in addition with specificity in ligand binding site.

References:
1. Mashiguchi K et al. (2011) Proc Natl Acad Sci U S A 108: 18512-18517.
2. Kollath-Leiss K et al. (2014) Eukaryot Cell 8: 1051-1063.

58. Reserve carbohydrate metabolism is controlled by pH signaling pathway in Neurospora crassa. Stela Virgilio, Fernanda Barbosa
Cupertino, Maria Célia Bertolini. Instituto de Quimica, UNESP, Araraquara, So Paulo, Brazil.

Extracellular pH has an important role in cell biology as it regulates gene expression and consequently influences a variety of processes.
The regulation of gene expression by pH has been studied in Aspergillus nidulans in which the regulator PacC is firstly activated by the
pH-dependent pal genes cascade followed by a second proteasome-mediated proteolytic cleavage and pH-independent. The N. crassa
genome has the six A. nidulans pal gene homologues involved in pH regulation. Recently, the motif sequence of the N. crassa PAC-3 (5’-
BGCCVAGV-3’), the PacC homologue, was identified by PBM (Protein Binding Microarrays, Cell 2014) and the motif was found in the
promoters of genes involved in the glycogen and trehalose metabolism. Here we describe the characterization of the N. crassa pal genes
and their participation in the glycogen and trehalose metabolism regulation. The pal knocked out strains showed high melanin production
and normal growth at pH 5.8. However, they were unable to grow at alkaline pH (7.8) confirming that the N. crassa pal genes are involved
in the pH-signaling pathway. The expression of some pal genes was influenced by pH 7.8 and regulated by PAC-3. ChIP-gPCR analysis
demonstrated that PAC-3 bound to pal promoters under alkaline pH confirming their regulation by PAC-3. The levels of the reserve
carbohydrates glycogen and trehalose were quantified in all mutant strains and compared to the wild-type strain. Both carbohydrates were
accumulated at higher levels in all mutant strains, except in pal-9, in pH 5.8. However, the glycogen accumulated was even higher up to 4 h
of transferring to alkaline pH while the trehalose levels were the same in the mutant and wild-type strains after 1 h of transferring. The
expression of glycogenic genes was either up- or down-regulated by alkaline pH in the wild-type strain. However, PAC-3 only bound in
vivo to the glycogenic gene promoters in pH 7.8. These results indicate that the N. crassa pal genes play a role in the pH-signaling
pathway, leading to the PAC-3 activation and regulation of glycogen metabolism by PAC-3. Experiments are currently underway to
investigate whether PAC-3 regulates trehalose genes in normal and alkaline pH. Supported by FAPESP and CNPq.

59. Comparative analysis of the sterol biosynthetic pathways in oomycetes. P. Dahlin, V. Bulone, S. Ekengren. Royal Institute of
Technology , Stockholm, Sweden.

The oomycete phylum comprises plant and animal pathogens. Sterol requirements vary significantly between oomycete orders, which
reflects different biosynthetic pathways. These variations can potentially be exploited to devise group-specific processes for disease
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control. We have initiated a comparative analysis of the sterol metabolic pathways in two economically important species from the
Peronosporales and Saprolegniales orders, i.e. Phytophtora infestans and Saprolegnia parasitica, respectively. Bioinformatic and
compositional analyses were combined to reconstruct the sterol biosynthetic pathways of both organisms. Ten enzymes involved in the
biosynthesis of desmosterol, lanosterol, 24-methylenecholesterol and cholesterol were identified in S. parasitica and the expression of the
corresponding genes was analyzed by quantitative PCR. The occurrence of these sterols in S. parasitica was demonstrated by metabolite
analysis and supported by the PCR data. The genes exhibiting the strongest expression in the mycelium encode putative sterol-C24-
methyltransferases, whereas C-3 sterol dehydrogenases showed the lowest expression levels. The gene encoding CYP51, a known target of
azoles in fungi, was expressed at an intermediate but relatively high level. Orthologous genes with the same predicted function were
identified in other Saprolegniales species, thereby pointing to a common biosynthetic pathway in this order. Interestingly, putative genes
coding for a C5 sterol desaturase and a C7 reductase were identified and highly expressed in the mycelium of P. infestans, although this
species is not able to synthesize sterols de novo. The function of the latter enzymes is being determined through metabolite analysis of P.
infestans grown in the presence of intermediates of sterol biosynthetic pathways. Preliminary results show that lathosterol and lanosterol
are converted into cholesterol and zymosterol in vivo, hence supporting the occurrence of active sterol-modifying enzymes in P. infestans.
Out of the 12 sterols tested in culture media, cholesterol only was converted into sterol-glycosides, thereby pointing to a possible important
physiological role of glycosylated sterols in Peronosporales.

60. How menadione triggers aflatoxin synthesis in A. flavus. M. Zaccaria, M. Ludovici®, M. Scarpari®, V. Scala®, A.A. Fabbri?, C.
Fanelli*, W. Sanseverino?, M. Reverberi'. 1) Environmental Biology, University of Rome , Roma, Roma, ltaly; 2) Sequentia Biotech, carrer
comte d'Urgell, Barcelona, Spain.

Aspergillus flavus is a saprophytic fungus responsible for world-wide spread harvest and post-harvest infections on cultivations, mainly
on cereal grains and legumes. A. flavus is one of the main producers of aflatoxin B1, the most dangerous carcinogenic metabolite in nature.
In relation to this, ongoing climate changes favor plant susceptibility to the attack by this fungus with a consequent, dangerous increase of
aflatoxins into previously unexploited feed and foodstuff. In order to address effectively the economic and sanitary consequences of A.
flavus contamination, a detailed and extensive knowledge of the pathogen metabolism and of the environmental conditions triggering the
different biological processes, is of paramount importance.

In this study, we focus on the effects of oxidative stress in the intracellular compartment, obtained by adding menadione 0,1mM to the
culture medium. Menadione is a chinone and a precursor of vitamin K, its cytotoxicity has been extensively investigated in several human
and murine cellular lines as an intracellular ROS inductor. Chinones are very common in nature. As substrates for flavoenzymes they may
incur in one electron reduction to semichinone which, conversely, reduce O, to superoxide anion in the intracellular environment, therefore
providing a stressing condition. We evaluate the response from A. flavus via several analytical approaches: mycelial growth, conidia
quantification, aflatoxin B1 synthesis, antioxidant enzymes activity, intracellular ROS quantification. To evaluate gene expression, we
exploit RNAseq technology for transcriptome analysis, plus RT-PCR of markers for cellular respiration, pentose phosphate pathway, and
oxidative stress response and sirtuins expression. Lastly, we have extracted and evaluated oxylipins by an MRM based LC-MS/MS
method, in order to ascertain if they may represent a more stable reactive signal able to trigger aflatoxin synthesis and conidiogenesis
through a remodulation of A. flavus metabolism in oxidative stress conditions.

61. Kinase activity of HwHog1 is essential for survival of Hortaea werneckii in solar salterns. A. Ke'|2ar1, M. Grotli2, M. J. Tamas?, M.
Mihelig®®, D. Turk®*, A. Plemenita3!, M. Lenassi*®. 1) Institute of Biochemistry, Faculty of Medicine, Ljubljana, Ljubljana, Slovenia; 2)
Department of Chemistry and Molecular Biology, University of Gothenburg, S-405 30 Gothenburg, Sweden; 3) Department of
Biochemistry and Molecular and Structural Biology, Jozef Stefan Institute, SI-1000 Ljubljana, Slovenia; 4) Centre of Excellence for
Integrated Approaches in Chemistry and Biology of Proteins (CIPKeBiP), Jamova 39, SI-1000 Ljubljana, Slovenia.

Extremelly halotolerant fungus Hortaea werneckii employs the compatible solute strategy to counteract the devastating effects of
hyperosmolar environment typical for the solar salterns. In this study, we addressed the role of HOG signalling pathway in H. werneckii
survival to osmotic stress by inhibiting the HwHog1 kinase activity with the ATP analogue BPTIP. Based on genetic information, HOG
pathway in H. werneckii is very complex and robust. As shown by functional complementation and expression studies, it includes two
functionally redundant MAPK homologues, HwHog1A and HwHog1B, which show osmolyte-type-dependent phosphorylation. Their
activities are effectively inhibited by BPTIP, which was shown by following growth of S. cerevisiae Ahog! strain expressing HwHog1A/B,
and by in vitro fluorescent coupled kinase assay on purified proteins. Inhibition of HwHog1 kinase activity with BPTIP restricted H.
werneckii colony growth at 3.0 M NaCl, KCI and sorbitol, most likely due to restricted cell division. On the other hand, we have
demonstrated that HwHog1-regulated transcription of a selected group of genes is an osmolyte-specific process. While inhibition of
HwHog1 kinase activity affected transcription of a selected group of Hogl-dependent genes at high salt concentration (4.5M NaCl), no
effects on transcription were observed when KCI was used. Our results also showed that HwHog1 activity is necessary for induction of
transcription of target genes at 3.0 M concentration sorbitol. Altogether we have demonstrated, that HOG pathway, which senses the
osmolyte type and is capable of regulating common and osmolyte-specific processes, is vital for the extreme osmotolerance of H. werneckii
and its survival in environments with extremely high NaCl concentrations.

62. Propionate metabolism in Paracoccidioides sp.: proteomic and biochemistry analysis. Luiz Paulo Araujo Santos®, Patricia de Souza
Lima!, Matthias Brock?, Leandro do Prado Assuncao®, Clayton Luiz Borges®, Celia Maria de Almeida Soares®, Alexandre Melo Bailao®. 1)
Molecular Biology Dep, Federal University of Goias, Brazil; 2) Laboratorium fiir Mikrobiologie, Philipps-Universitat, Marburg, Germany.
Some microorganisms utilize propionate as the carbon source. Pathogenic fungi may found this metabolite or propionate generating
sources during infectious process. In some microorganisms, the methylcitrate cycle (MCC) is responsible for propionyl-CoA conversion
into pyruvate. However, there are no studies on this pathway in the fungi Paracoccidioides spp. It has been shown that specific enzymes of
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MCC are upregulated in infection-mimicking conditions. In silico analyses revealed that the fungus presented the three enzymes related to
MCC and two of them are next to each other in the genome. It was observed that the fungus is able to metabolize and growth in propionate
containing medium. The genes encoding for methylcitrate synthase, methylcitrate lyase, methylcitrate dehydratase and propionyl-CoA
ligase were up-regulated in propionate containing medium when compared to glucose. The MCS activity in propionate was higher than in
glucose. The mycelium phase present higher MCS activity then yeast phase and MCS activity was detected in culture supernatant. The
recombinant enzyme displayed both, citrate and methylcitrate synthase activity, suggesting its role MCC. Moreover, the Km determination
of the MCS confirmed its higher affinity to propionyl-CoA than to acetyl-CoA. The proteomic analysis during incubation in propionate,
glucose plus propionate and glucose only was assayed. The proteomic data shown an increasing in enzymes related to propionyl-CoA
metabolization and in molecules related to alternative carbon source utilization. Several enzymes related to gluconeogenesis, fatty acid
oxidation and aerobic metabolism. Corroborating, alcoholic fermentation is downregulated in propionate. Given that methylcitrate cycle is
responsible for propionyl-CoA detoxification in the fungal cells and the study of this pathway in Paracoccidioides spp. will provide data
for comprehension of metabolic adaptation that this fungus takes hand in different host niches and also in nature.

63. Comparisons of the responses of fungi to lignocellulosic substrates using single and mixed cultures. Paul Daly*, Matt Kokolski’,
Juliana Velasco de Castro Oliveira?, Gustavo Borin?, Martin Blythe!, Gustavo Goldman??, David Archer’. 1) University of Nottingham,
Nottingham, United Kingdom; 2) CTBE, Campinas, S&o Paulo, Brazil; 3) Universidade de S&o Paulo, S&o Paulo, Brazil.

Fungi are the main source of enzymes used for saccharification of lignocellulose. The efficiency of saccharification can be improved by
better understanding the responses of fungi to lignocelluloses. We investigated the responses of Trichoderma reesei, Aspergillus niger and
Penicillium chrysogenum to lignocelluloses partly with the aim of establishing conditions for a transcriptomic study of mixed cultures
using Dual-RNAseq.

For single culture experiments, supernatants were sampled for proteomics from a time-course of shake-flask cultures with bagasse or wheat
straw. For mixed culture experiments, mycelia from single species glucose-grown pre-cultures were combined for straw cultures and gPCR
of the ITS region from each fungus was used to quantify species-specific fungal RNA.

In the comparison of the proteomics responses of the fungal single cultures to straw or bagasse, there were more proteins significantly
different in abundance between the T. reesei straw and bagasse cultures than between the A. niger straw and bagasse cultures. This could
partly be due to a later secretory response of T. reesei to straw compared to bagasse whilst A. niger secreted proteins at similar times on
both substrates. In the mixed cultures, over a period of 24 h, the relative amounts of RNA from each fungus in two species mixed cultures
of either A. niger and P. chrysogenum or T. reesei and P. chrysogenum didn’t change substantially. In contrast, the relative amount of A.
niger RNA declined in the mixed culture with T. reesei.

Differences in gene content or regulation between A. niger and T. reesei could explain the delay in secretion of enzymes by T. reesei on
straw compared to bagasse single cultures. Mixed cultures of P. chrysogenum with either of the other two fungi are likely to be more
suitable to study gene expression in lignocellulose mixed cultures with limited antagonism than mixed cultures of A. niger and T. reesei.
(Financial support: FAPESP, Brazil and BBSRC, UK.).

64. Secreted protein profile and gene expression analysis of Trichoderma harzianum induced with different phytopathogen cell
walls. Marcelo Ramada'?, Andrei Steindorff'*, Carlos Bloch Jr.?, Cirano Ulhoa*. 1) Brasilia University, Brasilia, DF, Brazil; 2) Mass
Spectrometry Lab, Embrapa Cenargen, Brasilia, DF, Brazil; 3) DOE Joint Genome Institute, Walnut Creek, CA, USA; 4) Enzymology Lab,
Federal University of Goias, Goiania, GO, Brazil.

Trichoderma harzianum is a fungus well known for its potential as a biocontrol agent of many fungal phytopathogens. The aim of this
study was to evaluate the potential of T. harzianum ALL42 to control Fusarium oxysporum, Rhizoctonia solani and Sclerotinia
sclerotiorum, phytopathogen fungi that causes several losses around the world in different crops, in a dual culture assay and to evaluate the
secreted proteins of T. harzianum ALL42 when its spores were inoculated and incubated for 48 hours in culture media (TLE) supplemented
with F. oxysporum, R. solani or S. sclerotiorum cell walls (FOCW, RsCW, SsCw, respectively). T. harzianum was able to control the
phytopathogens growth and started to sporulate in its area after 7-10 days, indicating that it had successfully parasitized the host. Protein
quantification showed that TLE+FoCW, TLE+RsCW and TLE+SsCW had 49,86, 84,25 and 84,12 pg mL™, respectively. The difference
between protein profiles was observed in the bidimensional gels, as the media supplemented with phytopathogen cell walls showed a
complex profile (around 200 spots each) but with many similar proteins, based on their molecular weight and isoeletric point. The
bidimensional gel of a previous study using Fusarium solani cell walls (FscW) or glucose (GLU) as the inducing sources were used as a
control. A total of 93 proteins were excised from all three conditions and submitted to mass spectrometry analysis, manual de novo
interpretation of MSMS spectra and further search in proteins database. 76 out of 93 proteins were successfully identified, as 27 were not
identified in our previous study. This 27 proteins were the product of 16 different genes. Gene expression analysis was performed by RT-
gPCR and confirmed some of the results obtained by bidimensional gels. T. harzianum ALL42 mainly secretes a common set of proteins
when induced by different cell walls as well as proteins that seems to be exclusive for each condition, as confirmed by RT-qPCR.

65. Comparative proteomic and phenotypic analysis of Paracoccidioides lutzii isolated in a fatal case of fungemia. P. Martins®, L.
Casaletti*, C. Borges!, M. Silva-Bailao'?, R. Hahn®, C. Soares!, A. Bailao®. 1) Federal University of Goiés, Institute of Biological Sciences,
Goiania, Goias, Brazil; 2) Federal University of Goias, Jatai Campus, Medical College, Jatai, Goias, Brazil; 3) Federal University of Mato
Grosso, College of Medical Sciences, Cuiaba, Mato Grosso, Brazil.

Fungemia corresponds to the presence of fungi in the bloodstream and is most commonly observed in patients with an impaired immune
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system. The presence of fungi in the blood can cause life threatening infections, becoming a serious health problem. Few studies have
detected Paracoccidioides spp. in circulating blood of patients. These fungi are the etiological agents of paracoccidioidomycosis, a
systemic mycosis characterized by a chronic granulomatous inflammation, whose incidence is high in Latin America. In the present study,
Paracoccidioides lutzii isolated from a fatal case of fungemia in an immucompetent patient was examined. In order to identify the
molecular factors related to this specific phenotype, a comparative proteomic analysis was performed. The samples were analyzed by
nanoscale liquid chromatography coupled with tandem mass spectrometry (nanoUPLC-MSF), where soluble proteins from fungemia strain
(PbF) were compared with proteins of another P. lutzii isolate, Pb01. Survival of PbF in blood and its growth on blood BHI plates were
also achieved. The phenotypic characterization tests in blood revealed a better adaption of fungemia isolate in this environment, when
compared to Pb01. NanoUPLC-MSE approach allowed the identification of 470 proteins of PbF, of which 151 were up-regulated and 136
were down-regulated. The most representative categories, according to FunCat2, in both groups were related to metabolism, followed by
protein synthesis and energy. Enzymes related to glucose utilization by anaerobic pathway, such as alcohol dehydrogenase and pyruvate
decarboxylase, were induced in PbF. Enzymes related to the oxidative stress, such as thioredoxin reductase, were also induced. This work
proposed the molecular characterization of a fungemia strain and may help in the elucidation of the virulence mechanisms used by the
fungus during hematogenous dissemination.

66. Contributions of the nitrate assimilation pathway to Phytophthora infestans revealed by transcriptional profiling and gene
silencing. Melania Abrahamian, Howard Judelson. Department of Plant Pathology & Microbiology, University of California, Riverside,
CA.

Phytophthora infestans is a devastating potato and tomato pathogen of historic and contemporary significance. Little is known of how
the metabolism of P. infestans adapts to different growth conditions and host tissues. To accomplish this, we have annotated metabolic
genes within the P. infestans genome and used RNA-seq to follow their expression in cultured media or in infected potato tubers and
tomato leaves. Many pathways were found to be expressed differentially on different host tissues, including those for the uptake and
assimilation of nitrate. To help understand the importance of these genes in P. infestans, we generated stable knockdown strains using
homology-based silencing, and studied the effect of silencing during growth on artificial media and in planta. The results indicate that the
nitrate assimilation pathway makes an important contribution to the fitness of P. infestans, but only under certain conditions of growth or
on host tissues.

67. Investigating terpenoid production in basidiomycete fungi. Alice M Banks, Andy M Bailey, Gary D Foster. Molecular Plant
Pathology and Fungal Biology Group, School of Biological Sciences, University of Bristol, Bristol Life Sciences Building, 24 Tyndall
Avenue, Bristol, BS8 1TQ, UK.

Basidiomycetes are prolific producers of novel terpenoid compounds offering a diverse range of bioactivities including antibiotic, anti-
inflammatory, anticancer, and anthelminthic among others. As a phylum, basidiomycetes have been largely neglected in natural product
research but are likely to provide an extensive source of novel bioactive compounds.

There are two basidiomycete species which are the focus of this project: Coprinopsis strossmayeri and Lepista sordida. These were
selected based on the high antimicrobial activity exhibited where C. strossmayeri inhibits the growth of Bacillus subtilis, Escherichia coli
and Saccharomyces cerevisiae, and L. sordida inhibits the growth of B. subtilis and E. coli. There is also evidence in the literature that
these species produce antimicrobials but little further investigation has been carried out.

Both genomes have been sequenced and analysed for genes characteristic of terpenoid production, in the search for gene clusters coding for
novel compound biosynthesis. Seven core terpenoid synthases were identified in C. strossmayeri and 16 were identified in L. sordida. The
genomic contexts of these genes were analysed to determine putative gene clusters, and gPCR analysis indicated genes which were highly
expressed in conditions where antimicrobial agents were produced. Genes of interest have been taken forward to be used in heterologous
expression to determine gene function. Phylogenetic trees have also been produced using genes in known fungal terpenoid pathways to
make predictions on the core structure of these compounds.

Chemical analysis is ongoing to determine the products of biosynthetic pathways and other antimicrobial metabolites produced. Secondary
metabolites and intermediate products from heterologous expression will be identified and screened for antimicrobial activity.

68. Diarylcyclopentenone pigment biosynthesis in Paxillus involutus. Jana Braesel®, Gerald Lackner?, Sebastian Gétze?, Firoz Shah®,
Anders Tunlid®, Pierre Stallforth?, Dirk Hoffmeister". 1) Friedrich-Schiller-Universitat Jena, Department Pharmaceutical Microbiology at
the Hans-Knoll-Institute, Jena, Germany; 2) Leibniz Institute for Natural Product Research and Infection Biology, Hans-Knéll-Institute,
Junior Group Chemistry of Microbial Communication, Jena, Germany; 3) Lund University, Department of Biology, Lund, Sweden.

The basidiomycete Paxillus involutus is one of the best studied ectomycorrhizal fungi at the molecular, physiological, and ecological
level. It is known to produce 2,5-diarylcyclopentenone pigments, among them involutin that likely serves as scavenger of free radicals. The
biosynthesis of diarylcyclopentenones is unclear, as three routes appear possible that either include or circumvent atromentin, i.e., a central
intermediate for numerous basidiomycete pigments.

We identified six genes (invAl — invA6) in the genome of Paxillus involutus encoding tri-domain peptide synthetase-like enzymes.
Biochemical analysis of the heterologously produced InvA enzymes proved atromentin synthetase activity for InvAl, InvA2 und InvAS5.
Combined evidence from biochemical in vitro enzyme characterization, transcriptomics, and feeding experiments to track the turnover of
stable-isotope labeled precursors by Paxillus involutus suggested that the 2,5-diarylcyclopentenones are synthesized via atromentin as
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metabolic intermediate. We also characterized the Paxillus involutus phosphopantetheinyl transferase PptA, which converts the above
quinone synthetases from their inactive apo- into the functional holo-forms.

69. A new view on Aspergillus chemotaxonomy. Jens Frisvad. CMB, Dept Systems Biol, Kgs. Lyngby, Denmark.

After the nomenclatural changes (One Fungus One Name) accepted by the Botanical Congress in 2011, Aspergillus is preferred by most
scientists for Aspergillus itself and all the former names used for the sexual state of these fungi and genera with asexual state that are
included in Aspergillus sensu stricto according to DNA sequence data: Chaetosartorya, Cristaspora, Dichotomomyces, Emericella,
Eurotium, Fennellia, Hemisartorya (?), Neocarpenteles, Neopetromyces, Neosartorya, Petromyces, Phialosimplex, Polypaecilum, Saitoa,
and Sclerocleista. The Aspergillus genus and sections can be regarded as polythetic classes regarding morphology and exometabolites, i.e.
most, but not all, species express a given feature, and each species would have those features in different combinations. Even though the
sections are monophyletic, as judged by DNA sequences, the combination of features include symplesiomorphies, synapomorphies and on
top of that autapomorphies, making a hennigian cladistic analysis of such phenotypic features irrelevant. In the closely related sections
Flavi, Nigri and Circumdati, only one biosynthetic family of exometabolites, ochratoxins, is common. A detailed analysis of all the
exometabolite biosynthetic families in the Aspergilli shows, however, that species in these sections have very similar kinds of
exometabolites in common. For example di-diketopiperazines are produced by species in the three sections: Ditryptophenalins in Flavi,
asperazines in Nigri and aspergamides in Circumdati. Such di-diketopiperazines are also produced in more distantly related species, for
example eurocristatine in section Aspergillus (formerly Eurotium). Another example is the epidithiodioxopiperazines, which are
represented by gliotoxin in Section Fumigati, by acetylaranotin in section Terrei, by emethallicins, emestrins and dithiosilvatins in
Nidulantes and by aspirochlorin in Section Flavi. Sterigmatocystin is produced by species in the distantly related sections Flavi,
Ochraceorosei, Nidulantes and Cremei. Thus Aspergillus is a genus in which the species have many common morphological and chemical
features, despite some important differences in ecophysiology and sexual features.

70. A new type of melanin required for pigmentation of Aspergillus terreus conidia. E. Geib®, Markus Gressler', Sandor Nietzsche®,
Christian Hertweck®*, Matthias Brock™*. 1) Microbial Biochemistry and Physiology, Hans-Knoell-Institute, Jena, Germany; 2)
Biomolecular Chemistry, Hans-Knoell-Institute, Jena, Germany; 3) Electron Microscopic Centre, University Hospital of the Friedrich-
Schiller-University, Jena, Germany; 4) Friedrich-Schiller-University, Jena, Germany.

Aspergillus species produce pigmented asexual conidia. In the human pathogen Aspergillus fumigatus, this pigment has been shown to
act as virulence determinant by inhibiting the acidification of macrophage phagolysosomes. Interestingly, the polyketide synthase (PKS)
responsible for this pigment in A. fumigatus is also conserved in most other Aspergillus species leading to similar final products. An
exception is Aspergillus terreus. BLAST analyses have shown that the respective PKS is lacking. However, pigmented conidia are
produced. Therefore, the aim of our study was the analysis of secondary metabolite gene clusters that are expressed under sporulating
conditions. Among the PKS several genes were expressed during vegetative growth on different culture media and during sporulation,
whereas only the PKS essential for terretonin biosynthesis was exclusively active under sporulating conditions. This indicates that, in
contrast to other Aspergilli, no PKS is involved in conidia pigmentation. A search for non-ribosomal peptide synthetases (NRPS) revealed
several candidates that are expressed during sporulation. Beside the gene required for asterriquinone synthesis, other NRPS-like enzymes
were identified for which a functional annotation is lacking. Targeted gene deletion resulted in white conidia with one of the NRPS-like
enzymes, indicating that the melanin in A. terreus derives from the condensation of 2-oxoacids. Furthermore, deletion of a neighbouring
gene led to fluorescent yellow conidia and structure elucidation of the compound is currently under way. In contrast to white conidia from
A. fumigatus, scanning electron microscopy showed that the hydrophobin attachment on white A. terreus conidia is not affected. This
indicates different properties of the A. terreus pigment compared to conidia pigments from other Aspergillus species.

71. Systems effects of gliotoxin bis-thiomethylation in Aspergillus fumigatus. Rebecca A. Owens, Stephen K. Dolan, Grainne O'Keeffe,
Elizabeth B. Smith, Stephen Hammel, Kevin J. Sheridan, David A. Fitzpatrick, Sean Doyle, Gary W. Jones. Department of Biology,
Maynooth University, Maynooth, County Kildare, Ireland.

Gliotoxin (GT) is a nonribosomally synthesized redox active metabolite secreted by several fungal species and contributes to the
virulence of the human fungal pathogen Aspergillus fumigatus. The biosynthetic, regulatory and self-protection genes associated with GT
metabolism are grouped in a 13 gene cluster. GT is an epipolythiodioxopiperazine (ETP) class fungal toxin that contains a disulfide bridge,
which plays a key role in determining the deleterious effects of this toxin. Modification of this rare structural motif by reduction and S-
methylation significantly depletes the bioactivity of this metabolite. Bisdethiobis(methylthio)gliotoxin (BmGT) is the most well
characterized of such GT derivatives. Recent work from our group identified an enzyme, gliotoxin bis-thiomethyltransferase (GtmA),
which is responsible for converting dithiol-GT to BmGT. The primary role of BmGT production in A. fumigatus appears to be related to
regulating the GT biosynthetic gene cluster rather than working in conjunction with the GT oxidoreductase, GIiT, in a GT self-protection
mechanism. GliA, which is a member of the major facilitator superfamily of membrane proteins, appears to be a GT-specific membrane
efflux pump and BmGT production allows A. fumigatus to efflux this molecule in a GliA-independent manner. Given that the main
intracellular methyl donor source is S-adenosylmethionine (SAM), which is generated via the methyl/methionine cycle and involves S-
adenosylhomocysteine (SAH) production, the generation of BmGT provides a direct link between GT biosynthesis and primary metabolic
processes. In support of this hypothesis we have identified and characterized changes that occur in SAM and SAH homeostasis within
selected gli gene deletions, which also uncovers new findings that illuminate additional systems interactions which have evolved in
gliotoxin-producing, compared to gliotoxin-naive, fungi to facilitate its cellular presence. Our results suggest that proteins involved in
gliotoxin self-protection, regulation and efflux work in concert to maintain homeostasis of important cellular metabolites.
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72. Non-trichothecene sesquiterpenes are produced by Fusarium graminearum PH-1, and are dependent on Tri5 expression. Chris
Flynn®, Karen Broz?, Valeriu Bortnov?, Claudia Schmidt-Dannert!, H. Corby Kistler. 1) University of Minnesota. Department of
Biochemistry, Molecular Biology, and Biophysics. Saint Paul, MN, USA; 2) USDA ARS Cereal Disease Laboratory, St. Paul, MN, USA.

Deoxynivalenol (DON) is the primary mycotoxin produced by the cereal disease causing ascomycete F. graminearum. DON is a
trichothecene sesquiterpene derived via the trichodiene synthase (Tri5) product trichodiene. Sesquiterpenes, produced by sesquiterpene
synthases (STS), are fifteen-carbon compounds made by many plants, bacteria, and fungi, often as defensive, pathogenesis-related, or
signaling compounds. Tri5 is one of eight putative STSs in the F. graminearum genome. Here we describe Solid-Phase MicroExtraction
(SPME) sampling of the volatile and soluble fractions of F. graminearum PH-1 shake flask cultures. When grown in trichothecene
induction medium, PH-1 produces trichothecenes as expected, as well as several unanticipated non-trichothecene sesquiterpenes, whereas
no volatile terpenes were detected when grown in non-inducing medium. Surprisingly, a A¢ri5 deletion strain grown in inducing conditions
not only ceased production of the anticipated trichothecenes, but also did not produce the non-trichothecene sesquiterpenes. To test the
possibility that F. graminearum Tri5 is a non-specific STS directly producing all observed sesquiterpenes, Tri5 was cloned from F.
graminearum PH-1 cDNA, expressed in E. coli, and shown to produce primarily trichodiene. Therefore, while Tri5 expression in F.
graminearum PH-1 is necessary for non-trichothecene sesquiterpene biosynthesis, direct catalysis by Tri5 is not sufficient to explain the
diversity of sesquiterpenoids produced under trichothecene inducing conditions, nor can it explain the sesquiterpene deficient phenotype
observed in the 4zri5 strain. These findings suggest that the Tri5 expression, through an as-of-yet unidentified mechanism, is required for
expression of non-trichothecene producing STSs under DON inducing conditions. While the role of trichothecenes in phytotoxicity is
known, the biological function of non-trichothecene sesquiterpenes, specifically co-produced with trichothecenes, has not yet been
determined.

73. The mechanism of activation of patulin biosynthesis by ammonia during Penicillium expansum fruit colonization. Shiri Barad'?,
Eduardo Espeso®, Amir Sherman*, Dov Prusky®. 1) Post Harvest Sci, Agricultural Res Org, Bet Dagan, Israel; 2) Department of Plant
Pathology and Microbiology, The Robert H. Smith Faculty of Agriculture, Food and Environment, The Hebrew University of Jerusalem,
Rehovot 76100, Israel; 3) Department of Molecular and Cellular Biology, Centro de Investigaciones Biologicas (C.1.B.), Madrid, Spain; 4)
Genomics Unit, ARO, The Volcani Center, Bet Dagan 50250, Israel.

Penicillium expansum, the causal agent of blue mold rot, causes severe postharvest fruit maceration through secretion of D-gluconic acid
(GLA) and secondary metabolites such as the mycotoxin patulin in colonized tissue. While patulin was described to be produced by many
Penicillium species, the conditions inducing patulin biosynthesis are not clear. Analysis of the pH modulating factors produced by P.
expansum detected that beside the production of GLA, the fungus can accumulate ammonia, both in culture and in vivo, at the leading edge
of the colonized tissue. Treatment with exogenic ammonia to growing P. expansum on solid media induced patulin biosynthesis by
inducing the expression of the global pH regulator and the secondary-metabolism-regulating transcription factors pacC and laeA,
respectively. Experiments, by which ammonia was modulated by growth under limited or excessive carbon source, showed that ammonia is
an efficient inducer of the expression of intermediate factors modulating patulin accumulation, including pacC, laeA and idh (one of the
last genes in patulin biosynthesis), at pH ranges of 3.7-4.0 in the presence of GLA. Analysis of relative expression of pacC at acidic
buffered conditions indicated that ammonia may induce a 2 fold increase in the relative expression of pacC at pH 4.5, probably as a result
of internal fungal alkalization. Present result indicates that conditions enhancing ammonia accumulation by colonizing P. expansum may
activate patulin accumulation and several pathogenicity factors which contribute to host-tissue colonization by P. expansum under acidic
conditions.

74. Amanitin macrocyclization catalyzed by a dedicated prolyl oligopeptidase from Galerina marginata. Jonathan Walton®, Sung-
Yong Hong*, Hong Luo!, R Michael Sgambelluri®, Evan Angelos®, Xuan Li?, Joshua Herr®. 1) DOE - Plant Research Lab, Michigan State
University, East Lansing, MI; 2) Faculty of Environmental Science and Engineering, Kunming University of Science and Technology,
Kunming 650091, Yunnan, People’s Republic of China; 3) Department of Microbiology and Molecular Genetics, Michigan State
University, East Lansing M.

The cyclic peptide toxins of deadly poisonous mushrooms, including the octapeptide a-amanitin and the heptapeptide phalloidin, are
biosynthesized on ribosomes as 35 (AMAL1) or 34 (PHAL) amino acid propeptides, respectively. Recent genome sequencing of Amanita
phalloides and A. bisporigera indicate that these two fungi have 30-35 related genes in the “MSDIN” family, with only a few of them in
common. The regions of the AMA1 and PHAL propeptides that appear in the final mature toxins are flanked by Pro residues, implicating a
Pro-specific oligopeptidase in the first post-translational processing step. By transformation-mediated gene disruption in the amanitin-
producing mushroom Galerina marginata, we show that a specific prolyl oligopeptidase (GmPOPB) is required for amanitin biosynthesis.
Most mushroom genomes have one "housekeeping" POP gene (POPA), whereas amanitin-producing species of Amanita and Galerina have
two (POPA and POPB). Pure GmPOPB obtained by recombinant expression in yeast catalyzes two reactions in a nonprocessive manner:
hydrolysis at the upstream flanking Pro to release a 25mer intermediate from the 35mer propeptide, and transpeptidation at the second Pro
to produce the cyclic octamer, cyclo(IWGIGCNP). The k., for cyclization of the 35mer and 25mer are 5.6 sec™ and 5.7 sec™, respectively,
comparable to the most active known peptide macrocyclase. Cyclization by GmPOPB required a terminal Cys and a C-terminal a-helix
secondary structure in the propeptide, but not the N-terminal 10 amino acids. GmPOPB also cyclized the 35mer a-amanitin propeptide
from A. bisporigera despite only 34% identity to the G. marginata in the flanking sequences. GmPOPA appears to be a conventional POP
because it does not proteolytically cleave a peptide as large as 35 amino acids and does not catalyze macrocyclization.

75. A synthetic biology approach for unveiling the ecologically-relevant secondary metabolites in phytopathogens. Yit-Heng Chooi,
Peter Solomon. Research School of Biology, Australian National University, Acton, ACT, Australia.

Secondary metabolites (SMs) are known to play important roles in the virulence and adaptation of fungal phytopathogens. The genome of
the major wheat pathogen, Parastagonospora nodorum, harbors 38 SM gene clusters. An ecological genomics approach was used to
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narrow down candidate SM gene clusters of potential pathogenic or ecological importance. A combination of reverse genetics and synthetic
biology approaches were used to tease out the molecules encoded by these candidate clusters. Among them is a P. nodorum polyketide
synthase (PKS) gene (SN477) that was highly expressed during wheat leaf infection. Heterologous expression in yeast demonstrated that
SN477 encodes the production of (R)-mellein. Whilst mutants of P. nodorum unable to synthesize (R)-mellein remained pathogenic,
exposure of the compound to wheat seeds inhibited the germination. Another P. nodorum SM cluster harboring the PKS gene SN8614 was
up-regulated during the transition from necrotrophy to saprotrophy stage in planta. The overexpression of a transcriptional factor in the
gene cluster activated the expression of this pathway in culture medium producing a red pigment not found in wild-type. This pigment
caused significant necrosis on wheat leaves in a light-dependent manner. The compound structure was established to be a perylenequinone
named elsinochrome C. This is the first report of elsinochrome C in P. nodorum. . We are currently reconstructing the whole pathway to
understand the biosynthesis of this light-activated toxin. Finally, we were able to identify the PKS gene (SN15829) that encodes the
production of the mycotoxin alternariol in P. nodorum. This was confirmed by both reverse genetics and heterologous expression of the
PKS gene in Aspergillus nidulans. The P. nodorum alternariol PKS gene is different from that reported in Alternaria alternata previously.
The identification of P. nodorum alternariol PKS gene will facilitate the detection of alternariol-producing fungi in the environment. In
conclusion, synthetic biology can be a promising tool for linking ecological genomics with chemical ecology.

76. Production of metabolically engineered biosurfactants from basidiomycetes. Hans-Tobias Deinzer', Uwe Linne?, Bjérn Sandrock®,
Michael Bélker. 1) Biology, University Marburg, Marburg, Germany; 2) Chemistry, University Marburg, Marburg, Germany.

Many fungi are able to synthesize secondary metabolites. These are not essential for viability but provide advantages over other
microorganisms.

One important group of secondary metabolites are glycolipids that act as biosurfactants. In general, they increase the availability of
hydrophobic nutrients and enhance attachment to nonpolar surfaces. In some cases, they also display antimicrobial activity.

The basidiomycetous fungus Ustilago maydis produces large amounts of two structurally different extracellular glycolipids. Under
conditions of nitrogen starvation U. maydis cells secrete Ustilagic acid (UA), a cellobiose lipid with antimicrobial activity and the
extracellular oil mannosylerythritol lipid (MEL). The genes involved in the synthesis of both biosurfactants have been identified and both
are clustered in the genome.

We could show that strains overexpression of a P450 monooxygenase results in the production of hydroxylated MELs. To generate other
metabolically engineered biosurfactants, genes involved in MEL formation in other fungi, were expressed in U. maydis. We could identify
novel MEL species by liquid chromatography and mass spectrometry.

Furthermore, we aim to identify unknown glycolipids from other smut fungi. We were able to identify new MEL species from Sporisorium
scitamineum and Macalpinomyces eriachnes..

77. How to efficiently move a 24 kb gene cluster between fungal species. Rasmus J.N. Frandsen, Mikkel R. Nielsen, Paiman Khorsand-
Jamal, Kristian F. Nielsen. Systems Biology, The Technical University of Denmark, Kgl. Lyngby, Denmark.

The genome sequencing of many fungal species has offered us a glimpse into a surprisingly large unutilized potential for production of
novel bioactive compounds. Unfortunately, many of these compounds remain out of reach, as they are not produced under standard
laboratory conditions and because we lack efficient molecular biological tools for the majority of the sequenced species. A frustrating
situation, than can either be solved by developing molecular genetic tools for the individual species; Or by transferring the putative
secondary metabolite gene clusters to model species, where the tools have already been established. The latter solution requires that large
DNA fragments can be transferred efficiently into the model fungus, a problem that classically has been solved using time-consuming
BAC/COSMID strategies. In an effort to better this situation, we set out to develop a molecular genetic tool that would allow for the
efficient and fast transfer of large DNA fragments into Aspergillus nidulans. The fully developed system depends on a single E. coli based
cloning reaction, to generate a targeting/assembly cassette that allows for targeted integration of the heterologous DNA into the recipient’s
genome. The remaining parts of the DNA sequence to be transferred are then PCR-amplified in 8-10 kb fragments (1-1% overlap) using a
high fidelity DNA polymerase. Following purification, the overlapping fragments and targeting cassette were used to transform A.
nidulans, with assembly in vivo via homologous recombination. The system was tested by transferring the 24 kb aurofusarin (pigment)
gene cluster from Fusarium graminearum into A. nidulans. Analysis of the resulting transformants, using diagnostic PCR, showed that all
fragments had assembled as expected, thereby proving that in vivo multi fragment assembly is possible in Aspergillus. Chemical analysis of
the obtained transformants showed that the constructed strains produced the expected metabolites. Subsequent overexpression of the cluster
specific transcription factor (aurR1) boosted production of aurofusarin.

78. Overexpression of the laeA gene leads to increased production of cyclopiazonic acid in Aspergillus fumisynnematus. Inhyung Lee,
Eun Jin Hong, Na Kyeong Kim, Doyup Lee. Bio and Fermentation Convergence Technology, Kookmin Univ, Seoul, South Korea.

Many of the secondary metabolite (SM) gene clusters are known to be silent in lab culture conditions. To activate these silent SM gene
clusters, the laeA gene that encodes a global positive regulator of SM gene cluster is being used in several filamentous fungi. In addition,
this approach has been also used to explore novel bioactive compounds and to improve strains used for functional food production. In this
study, the overexpression of the laeA gene under the alcA promoter resulted in the production of less pigments along with shorter conidial
head chains and less conidia in Aspergillus fumisynnematus F746. TLC and HPLC analysis revealed that SM production in OE::laeA was
increased significantly with putative new metabolites that were not detected in wild type. Among them, a compound named F1 was
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selected on the basis of the production levels and antibacterial effects. F1 was purified by column chromatography and preparative thin
layer chromatography (TLC) and then identified to be cyclopiazonic acid (CPA) that was previously known as mycotoxin by LC/MS.
These results suggest that overexpression of the laeA gene may increase the production of not only useful bioactive compounds but also
toxic compounds like mycotoxins. Therefore, the strategy for the strain improvement for healthy functional food manufacturing by laeA
overexpression should be addressed with caution.

79. Characterization of a new secondary metabolite gene cluster in Claviceps purpurea. Lisa Neubauer, Julian Dopstadt, Hans-Ulrich
Humpf, Paul Tudzynski. University of Munster, Germany.

The phytopathogenic ascomycete Claviceps purpurea is an important food contaminant as it infects a broad range of grasses including
economically important cereal crop plants. The best characterized secondary metabolites of C. purpurea are the toxic ergot alkaloids
produced in the sclerotia, the survival structure of the fungus. Apart from that, little is known about the secondary metabolism of C.
purpurea and not all toxic substances going along with the food contamination with Claviceps are known yet.

The availability of the C. purpurea genome sequence allowed a bioinformatical screening approach for typical secondary metabolite key
enzymes. The presence of 9 polyketide synthases and 18 nonribosomal peptide synthetases shows the great potential of C. purpurea for
producing secondary metabolites'.

We were able to identify a so far unknown gene cluster in C. purpurea which shows high homology to the sirodesmin cluster in
Leptosphaeria maculans? and the gliotoxin cluster in Aspergillus fumigatus®. Sirodesmin and gliotoxin are members of the class of
epipolythiodioxopiperazine (ETP) toxins characterized by the presence of an internal disulfide bridge.

By overexpressing the cluster-specific transcription factor we were able to activate the gene cluster in C. purpurea and mass spectrometry
analyses show different peak profiles for the overexpression mutants in comparison to the wild type. Structure elucidation of these
compounds by NMR spectroscopy is ongoing, but first results confirm the bioinformatical prediction that this gene cluster is responsible
for the formation of a so far unknown ETP.

! Schardl CL, Young CA, Hesse U, Amyotte SG, Andreeva K et al. (2013) PLoS Genet.;9(2)

2 Gardiner DM, Cozijnsen AJ, Wilson LM, Pedras MSC, Howlett BJ. (2004) Mol. Microbiol. 53: 1307-1318

% Gardiner DM and Howlett BJ. (2005) FEMS Microbiol Lett. 248: 241-248.

80. Secondary metabolite with antimicrobial activity synthesized by an edible smut fungus, Ustilago esculenta - from genomics and
biochemistry. Cheng Ou-Yang®, Tzong-Huei Lee?, Wei-Chiang Shen®. 1) Department of Plant Pathology and Microbiology, National
Taiwan University, Taipei, Taiwan, Taiwan; 2) Institute of Fisheries Science, National Taiwan University, Taipei, Taiwan, Taiwan.

The smut fungus Ustilago esculenta Hennng can parasitize on Zizania latifolia Turcz., one kind of wild rice species, to cause smut
disease. The infection leads to produce swollen tissues at host stem base; however, the swollen galls are edible and have been a favorable
vegetable crop, called Jiaobai in Taiwan, in Asia regions. Studies in our laboratory found that U. esculenta shows antimicrobial activity on
certain media, suggesting that secondary metabolite(s) may be produced by U. esculenta for this inhibitory activity. Previous studies
showed U. maydis and related fungal species belonging to genus Psuedozyma can produce some rare amphipathic glycolipids, cellobiose
lipids (CLs), with antimicrobial activity. Here, we report a gene cluster may be involved in the biosynthesis pathway of CL(s) in U.
esculenta. According to genome information, we found 11 clustered genes in U. esculenta genome with high similarities to genes involved
in the biosynthetic pathway of ustilagic acids, CLs produced by U. maydis. Besides physical co-localization in the genome, consensus
motifs in the promoter regions of all these genes were identified, suggesting the cluster may be transcriptionally co-regulated. Under
induction conditions, these genes were apparently induced and the putative needle-like CL crystals were seen in the U. esculenta culture.
Metabolites from U. esculenta culture were extracted and subjected to chemical analysis to elucidate their structures. Through the
combination of genetic studies and chemical analyses, we expect U. esculenta is a novel CL producer.

81. RNA-seq analysis of Cercospora beticola DM I-resistant and -sensitive strains in response to tetraconazole. Melvin Bolton®, Luigi
Faino?, Bart Thomma?, Gary Secor®. 1) USDA - ARS, Fargo, ND, USA; 2) Laboratory of Phytopathology, Wageningen University,
Wageningen, The Netherlands; 3) 3Department of Plant Pathology, North Dakota State University, Fargo, ND, USA.

The hemi-biotrophic fungus Cercospora beticola causes Cercospora leaf spot (CLS) of sugarbeet. CLS management measures rely on
the application of sterol demethylation inhibitor (DMI) fungicides. Reduced sensitivity to DMIs has been reported recently in sugarbeet
growing regions worldwide. We have shown previously that CbCyp51, which encodes the DMI target enzyme sterol P450 14a-
demethylase in C. beticola, is over-expressed in DMI-resistant isolates. After exposure to tetraconazole, DMI-resistant isolates respond
with further induction of CbCyp51. However, no CbCyp51 promoter or gene mutations were associated with DMI resistance. To gain
additional insight and identify other mechanisms involved with DMI-resistance, we used RNA-seq to identify genes differentially
expressed in DMI-resistant and -sensitive C. beticola isolates upon exposure to tetraconazole or the control treatment in
vitro. Interestingly, both the resistant and sensitive isolates responded with a marked induction of 15 of the 22 genes in the ergosterol
biosynthesis pathway in response to tetraconazole. All 15 genes were induced to similar expression levels between the two isolates except
for CbCyp51 and CbErg3, which were ~16- and 2-fold higher in the resistant isolate when compared to the sensitive isolate,
respectively. In total, 110 genes were uniquely differentially-expressed in the DMI-resistant isolate. Genes previously implicated with
fungicide resistance such as ABC and MFS transporters were identified. The most highly induced gene in the DMI-resistant isolate
encodes a protein with multiple transmembrane regions known to provide DMI resistance in yeast. This protein is not known to provide
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efflux activity, but may bind directly to the fungicide. Further characterization of this gene and a detailed pathway analysis will be
presented.

82. The cellulase specific transcriptome of Trichoderma reesei as influenced by light, photoreceptors and CRE1. Eva Stappler”,
Christoph Dattenbock?, Doris Tisch?, André Schuster?, Monika Schmoll®. 1) Health & Environment, Bioresources, AIT - Austrian Institute
of Technology, Tulln, Austria; 2) Institute of Chemical Engineering, TU Wien, Vienna, Austria.

Trichoderma reesei is adapted to degradation of plant cell walls and produces an efficient enzyme cocktail for this task. We investigated
two regulation levels of the transcriptome of T. reesei: light and carbon source dependent control. We evaluated regulation by light,
induction specific regulation and relevance of photoreceptors, a potential relevance of surface sensing in cellulase regulation and genes
associated with repression of cellulase gene expression. We show that the carbon source (cellulose, lactose, sophorose, glucose, glycerol) is
the major source of variation, with light having a modulating effect. 206 genes are significantly regulated in response to light across all
carbon sources. 907 genes were specifically regulated under inducing conditions in light and 947 genes in darkness with 530 genes
overlapping (1324 in total). In this gene set, significant enrichment was detected for functions in C-compound and carbohydrate
metabolism, amino acid metabolism, energy and respiration. Evaluation of genomic distribution of genes regulated by light on cellulose,
showed considerable overlap with previously described CAZyme clusters. Of the 1324 genes regulated specifically under inducing
conditions in light, darkness or both, only 218 genes were found to be induction specific independent of light and not regulated by the
photoreceptors. 282 of those 1324 genes were found to be regulated by CRE1 under inducing conditions. Comparison of gene expression
upon growth on soluble (lactose, sophorose) and insoluble (cellulose) inducing carbon sources suggests the operation of a sensing
mechanism for solid substrates, putatively involving G-protein coupled receptors, which regulates auxiliary proteins such as CIP1, CIP2
and swollenin as well as a hydrophobin gene. In order to evaluate the relevance of nutrient sensing for cellulase gene expression, we
selected 9 GPCRs for functional analysis and 5 of them were found to be relevant for cellulase expression.

83. Ustilago maydis zinc transporters genes are functional orthologs of Saccharomyces cerevisiae ZRT1 and ZRT2. Adriana Mayrel
Martha-Paz', David Eide?, Elva Arechiga-Carvajal*. 1) Microbiology and Immunology Deparment, U. Auténoma de Nuevo Le6n, San
Nicolas de Los Garza, N. L., Mexico; 2) Nutritional Sciences Department, University of Wisconsin-Madison, Wisconsin, USA.

Ustilago maydis, the basidiomycete fungus that causes corn smut, is considered a pest by farmers in some countries, while in Mexico it is
considered a culinary value. In some cases extreme ambient pH can lead to cellular mineral deficiency or toxicity because the solubility of
metals such as zinc is affected by this condition. In yeast Saccharomyces cerevisiae two main systems for zinc acquisition were found; one
of high affinity (ZRT1), that is highly expressed when intracellular concentrations of zinc are low and the other one of low affinity (ZRT2)
mainly expressed in higher concentrations. In our work, we studied two ZRT homologous genes found in U. maydis. By protein alignment
U. maydis ZRT1 and S. cerevisiae ZRT1 show 37% amino acid similarity and both present a ZIP domain. On the other hand U. maydis
ZRT2 has 44% similarity with the S. cerevisiae ZRT2 protein and possess a ZIP and another metal binding domain. In order to test
functional homology, a zrt1D zrt2D S. cerevisiae mutant was complemented with the U. maydis genes, and their growth at different zinc
concentrations was measured. Recovery of S. cerevisiae mutant growth capacity in low and high zinc concentration media and protein
sequence similarity of U. maydis genes allow us to conclude that these genes are homologous to those in S. cerevisiae. Additionally, gene
expression analysis showed that ZRT2 expression is pH dependent in U. maydis. These results provide insights for understanding the
mechanisms of adaptation of this important phytopathogen to variations of zinc concentration and availability influenced by ambientpH. In
addition, using this fungus as study model, these findings can be extrapolated to other members of the basidiomycota phylum.

Cell Biology and Development

84. The RDS1 is required for dimorphic switching in lichen fungus Umbilicaria muehlenbergii. Min-Hye Jeong™?, Sook-Young Park,
Jung A Kim?, Nan-Hee Yu®?, Yong Hwa Cheong?®, Jae-Seoun Hur'. 1) Korean Lichen Institute, Sunchon National University, Suncheon,
Jeonnam, South Korea; 2) Dept. of Biology, Sunchon National University, Suncheon, Jeonnam, South Korea; 3) Dept. of Bio-
Environmental Science, Sunchon National University, Suncheon 540-950, Korea.

Lichen is symbiotic organism between a fungus (as mycobiont) and an alga and a cyanobacterium or both (as photobiont). It is generally
known that axenically cultured lichen-forming fungi grow extremely slowly as hyphal form. Unlike other lichen-forming fungi, dimorphic
lichen fungus, Umbilicaria muehlenbergii, grown easily and quickly as yeast-form cells in liquid nutrient media. This observation allows to
establishing the first successful transformation system for lichen fungus. Here we report a gene, RDS1 (Regulation of fungal Dimorphic
Switch 1), which controls the dimorphic switching between yeast form and hyphal form of U. muehlenbergii. In the previous study, we
developed and generated random insertional transformants using yeast-form cells of U. muehlenbergii via the use of Agrobacterium
tumefaciens. Over 1,000 transformants have been created. During screening of the mutants, varied phenotypes were found in their color,
growth and morphologies compared to wild-type. Interestingly, a hyphal form growing mutant, Um-270, was isolated. To identify T-DNA
insertion region of the mutant Um-270, thermal asymmetric interlaced polymerase chain reaction was employed and identified as a T-DNA
insert in upstream region of a putative C2H2-type zinc finger transcription factor RDS1. Light microscopic and scanning electron
microscopic observation clearly showed that the mutant Um-270 apparently represents hyphal form, suggesting the responsible gene,
RDS1, might be essential for dimorphic switching of U. muehlenbergii. RNA-seq analysis was used to identify several genes whose
transcription during mycelial growing depends on RDS1. RNA-seq analysis also revealed several RDS1-dependent genes which may
encode various factors determining cell cycle-related genes. More detail information will be described.
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85. Role(s) of a chitin binding mucinoid protein, Cbpl, in appressorium differentiation of Pyricularia oryzae. Misa Kuroki*, Ken-
ichiro Saitoh?, Tohru Teraoka?, Megumi Narukawa®, Takashi Kamakura®. 1) Tokyo University of Science, Japan; 2) Tokyo University of
Agriculture and Technology, Japan.

Fungal pathogen, Pyricularia oryzae, causes serious damages to rice cultivation and influence the rice harvest all over the world. P.
oryzae differentiates infection specific structure, known as appressoria, at the tip of germ tubes and invade to host cell. To form
appressoria, P. oryzae seems to perceive environmental inducers such as hydrophobicity, hardness and cutin monomers. However, it
remains unexplained how these signals involved in forming appressoria. Thus, revealing infection mechanism of P. oryzae contributes to
counteract the damage of rice diseases. In addition, we can make P. oryzae differentiate appressoria on artificial substance under proper
laboratory conditions and observe phenotypical change by adding chemicals. Formation of appressoria of P. oryzae can be a model of
eukaryotic cellular differentiation. We focused on Chitin Binding Proteinl (CBP1) that is estimated to have a role in forming appressorium.
CBPL1 is specifically expressed in the germling and cbpl null mutants delayed in appressorium formation on hydrophobic artificial
substrate. However, the reduced ability to form appressorium was restored by adding of appressorium forming inducer such as 1,16-
hexadecanediol or 3-isobutyl-1-methylxanthine. These results suggested that Cbp1 plays an important role in infection signal pathway. We
performed appressorium formation assay under various conditions in order to reveal which signal pathway Cbp1 is involved in.
Furthermore, we generated cbplmsb2 double mutant strains from Japanese isolate P2 and observed the appressorium formation under
various conditions too. P. oryzae has only two mucin proteins; Msb2 and Cbp1, so, these data help us to understand Cbp1’s function*. We
also tried to confirm whether Chpl works in signal pathways as a chitin-deacetylase (CDA) or not, because Cbpl has homology to CDA.
We found that the mutants of CDA-active-site in Cbp1 failed to form appressorium on the hydrophobic surface. *Further characterization
of surface recognition mechanisms in Magnaporthe oryzae. G. Wang et al., 2013, Fungal Genetics.

86. Transcriptome analysis and phenotypic com?arison between knockout and knockdown mutants of Ehsl in Pyricularia oryzae.
Kana Okauchi®, Keina Murano®, Takumi Hirosawa®, Megumi Narukawa’, Takayuki Arazoe?, Yoshikazu Arai?, Jun Ohgane?, Shigeru
Kuwata?, Takashi Kamakura®. 1) Dept. of Applied Biological Sci., Tokyo Univ. of Science; 2) Dept. of Agriculture, Meiji Univ.

Pyricularia oryzae, a pathogenic filamentous fungus, causes rice blast disease considered to be one of the most serious diseases of
cultivated rice. P. oryzae conidium germinates on the surface of the host plant, and then, it forms a dome-shaped infection specific structure
at the edge of a germ tube. This structure is called the appressorium. The matured appressorium is necessary for infection. Previous studies
have shown that under appressorium forming condition, calcium ion levels rise at the site of germ tube emergence, at the tip of elongating
germ tube, and in the developing appressorium. In addition to those findings, it has also been reported that Ca®* channel inhibitors (GdCl,
and LaCl3) decrease the appressorium formation rate concentration dependently.

We aimed to elucidate the role of Ca?* channels in appressorium formation. In particular, we focused on the Ehs1 (for echinocandin
hypersensitive 1) gene. This gene is considered to be a homolog of Saccharomyces cerevisiae MID1 (for mating-induced death 1) gene
encoding a stretch activated permeable Ca?* channel. It is reported that the Ehs1 knockdown mutant of P. oryzae Br48 strain displayed the
decrease in the rates of sporulation and appressorium formation (Nguyen, et al., 2008). In our study, we also produced knockdown and
knockout mutants. The Ehs1 knockdown mutants of P. oryzae MK2-2 strain, derived from P2 (the Japanese isolate) strain, showed the
decrease similar to Nguyen, et al., 2008, while the ehs1 deletion mutants of P2 strain did not display significant decrease compared to the
controls.

Therefore, in order to determine which is the more authentic mutant reflecting the phenotype of ehs1 deletion mutant truly, we conducted a
comparative transcriptome analysis between the knockout and knockdown mutants by the next-generation sequencing technologies.

87. Oxygen and an Extracellular Phase Transition Independently Control Central Regulatory Genes and Conidiogenesis in
Aspergillus fumigatus. Myoung-Hwan Chi, Kelly Craven. Plant Biology Division, The Samuel Roberts Noble Foundation, Ardmore, OK.

Conidiogenesis is the primary process for asexual reproduction in filamentous fungi. As the spores, or conidia, resulting from the
conidiogenesis process are primarily disseminated via air currents and/or water, an outstanding question has been how fungi recognize
aerial environments suitable for conidial development. In this study, we documented the somewhat complex development of the conidia-
bearing structures, termed conidiophores, from several Aspergillus species in a subsurface layer of solid media. Conidiophores are typically
comprised of stalks, vesicles, phialides and conidia, and although these Aspergillus species were able to develop conidiophores in gel-phase
environment, exposure to the aeriform environment was required for the terminal developmental transition from phialide cells to conidia.
Phialides confined to a gel-embedded environment were unable to differentiate into conidia and instead, formed secondary conidiophores
or apically-elongated phialides. Our observations of conidiophore development in high or low oxygen conditions in both aeriform and gel-
phase environments revealed that oxygen and the aeriform state are positive environmental cues for inducing conidiogenesis in most of the
aspergilli tested in this study. Transcriptional analysis using A. fumigatus strain AF293 confined to either the aeriform or gel-phase
environments revealed that expression of a key regulatory gene for conidiophore development (AfubrlA) is facilitated by oxygen while
expression of another regulatory gene controlling conidia formation from phialides (AfuabaA) was repressed regardless of oxygen levels in
the gel-embedded environment. Our findings provide not only novel insight into how fungi recognize an aerial environment to trigger the
developmental shift for airborne conidia production but also the relationship between environmental cues and conidiogenesis regulation
inaspergilli.
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88. The Aspergillus fumigatus farnesyltransferase p-subunit, Ram1, regulates Ras protein localization, conidial viability and
antifungal susceptibility. Tiffany S. Norton, Rachel V. Lovingood, Qusai Al Abdallah, Jarrod R. Fortwendel. University of South
Alabama, Mobile, AL.

Post-translational prenylation mechanisms, including farnesylation and geranylgeranylation, mediate both subcellular localization and
protein-protein interaction in eukaryotes. The farnesyltransferase (FT) enzyme complex is composed of two subunits: the a-subunit, an
essential protein shared with the geranylgeranyltransferase complex; and a $-subunit, termed Ram1. FT activity is an important mediator of
Ras pathway signaling via control of Ras protein localization. Our previous data show that A. fumigatus RasA localizes primarily to the
plasma membrane where it functions in processes controlling morphogenesis and virulence. However, the importance of FT activity to Ras
protein function, filamentous fungal growth, and A. fumigatus virulence is currently unknown. To explore this, we generated an A.
fumigatus deletion mutant lacking the FT B-subunit (Aram1). Conidial germination rate was reduced in the Aram1 mutant, with a
concomitant reduction in conidial viability of 45%. Although no polarity defects of hyphae were apparent, the Aram1 mutant displayed
reduced radial growth rate, an average increase in hyphal width of 26%, and altered nuclear positioning in growing hyphae. Furthermore,
loss of ram1 resulted in resistance to triazole antifungal drugs such as voriconazole. Complementation of the Aram1 mutant with the ram1
gene (Araml+raml) restored the wild-type phenotype for each of these processes. To define molecular mechanisms for Ram1-mediated
processes, we generated strains expressing GFP-RasA in the Aram1 genetic background. The absence of ram1 resulted in mislocalization
of RasA from the plasma membrane. Interestingly, mutation of RasA to enhance selectivity for geranylgeranylation as an alternative
membrane targeting mechanism in the absence of Ram1 restored RasA plasma membrane localization but not radial growth. These data
suggest that Ras-independent mechanisms are at least partially responsible for phenotypes exhibited by the Aram1 mutant. Together, these
data point to a crucial role for the Ram1 farnesyltransferase in mediating A. fumigatus growth and antifungal susceptibility.

89. Characterization of Myosins in Aspergillus fumigatus Growth and Pathogenesis. Hilary Renshaw?, Praveen R. Juvvadi?, José M.
Vargas-Mufiizt, Amber D. Richards?, William J. Steinbach'2 1) Department of Molecular Genetics and Microbiology, Duke University
Medical Center, Durham, NC; 2) Department of Pediatrics, Duke University Medical Center, Durham, NC.

Aspergillus fumigatus is the etiological agent of invasive aspergillosis, a leading cause of death in immunocompromised patients.
Invasion of host tissue by this fungus is facilitated by polarized hyphal growth and septation. Myosins are a group of motor proteins known
to be involved in hyphal growth, morphology and septation in fungi. However, the role of myosins in the growth and virulence of a human
pathogen has never been explored. In this study, we investigated A. fumigatus myosins belonging to three different classes: class | (MyoA),
class IT (MyoB), and class V (MyoE). We generated two myosin single deletion strains (AmyoB and AmyoE) and a double deletant (AmyoB
AmyoE). Attempts to delete the myoA gene were unsuccessful, suggesting its essential nature. While the AmyoB strain showed aberrant
septation it was also hypersensitivity to anti-cell wall agents revealing its role in maintaining cell wall integrity. Deletion of myoE resulted
in reduced hyphal extension and hyperbranching, indicating its role in preserving hyphal polarization and/or suppressing new growth foci.
In addition, the AmyoE strain displayed hyperseptation albeit with normal septa, suggesting that MyoE is necessary for regular septation. In
contrast to the AmyoE strain, the AmyoB AmyoE strain showed broader hyphae with reduced hyphal extension and absence of septation,
indicating that both MyoB and MyoE are integral for septum formation. Both AmyoB and AmyoE strains were hypovirulent in a screening
Galleria mellonella model of invasive aspergillosis; however, surprisingly, only the AmyoB strain displayed decreased virulence in a
neutropenic murine model of infection. Taken together, these data demonstrate the crucial but distinct roles that myosins play in
maintaining proper hyphal morphology and for pathogenesis of A. fumigatus.

90. Understanding the Role of Septins in Aspergillus fumigatus Growth and Pathogenesis. José M Vargas-Mufiz*, Hilary Renshaw?,
Amber D Richards?, Erik J Soderblom®, M Arthur Moseley?, Praveen R Juvvadi?, William J Steinbach®?. 1) Department of Molecular
Genetics and Microbiology, Duke University Medical Center, Durham, NC; 2) Department of Pediatrics, Duke University Medical Center,
Durham, NC; 3) Duke Proteomics and Metabolomics Core Facility, Center for Genomic and Computational Biology, Duke University,
Durham, NC.

Aspergillus fumigatus is the major etiology of invasive aspergillosis, a leading cause of death in immunocompromised patients. Septins
are conserved GTPases involved in septation, conidiation and cell wall organization. The requirement of septins for tissue invasion and
virulence has been demonstrated in the human pathogenic yeasts Candida albicans and Cryptococcus neoformans, as well as the plant
pathogen Magnaporthe oryzae. Aspergillus spp. contain five genes encoding for septins (AspA-E). We performed single, double, and triple
deletions of the genes encoding for AspB, AspD, and AspE in A. fumigatus. This approach revealed that septins AspB, AspD, and AspE are
dispensable for radial extension under normal growth conditions. While septins AspB and AspE are required for regular septation, septins
AspB and AspD are required for conidiation. In addition, the normally observed conidial electron-dense outer layer is completely absent in
the AaspB strain. Furthermore, the AaspB strain showed increased susceptibility to anti-cell wall agents. Unlike in the model filamentous
fungus A. nidulans, we did not observe hyperbranching in any of the A. fumigatus septin deletion strains, revealing different roles for these
septins in a human pathogen. Using the strain expressing AspB-GFP fusion protein, we show that AspB is phosphorylated in vivo at 9
residues and interacts with the other septin and cytoskeletal components during the multicellular growth stage. Strains lacking AspB
exhibited hypervirulence in a Galleria model of invasive aspergillosis, and ex-vivo macrophages exposed to AaspB conidia released more
TNF-a compared to the wild-type strain. However, infection with the AaspB strain in a murine model did not yield a difference in
virulence. Taken together, these results point to the importance of septins in A. fumigatus growth and development.

91. Stage-dependent subcellualr compartmentalization of fungal melanic biosynthetic machinery. Srijana Upadhyay®, Xinping Xu*,
David Lowry?, Jennifer Jackson®, Robert Roberson?, Xiaorong Lin®. 1) Department of Biology, Texas A&M University, College Station,
TX, 77843, USA,; 2) School of Life Sciences, Arizona State University, Tempe, Arizona, 85287, USA.

Melanin, produced by living organisms in the course of hydroxylation and polymerization of organic compounds, is a universal
amorphous polymer that confers coloration. In the pathogenic microorganisms, melanin is correlative with increased virulence. More

98



POSTER SESSION ABSTRACTS

importantly, melanin provides protection to its host organism against various damaging exposures. In fungi, it is known that melanin is
located on the cell wall. Paradoxically, the majority of fungal species synthesize melanin de novo through the polyketide pathway that
utilizes the intracellular primary metabolites and the polyketide synthase (PKS). Thus how the negatively charged macromolecules cross
the plasma membrane and get externalized as melanin granules is enigmatic. Prompted by a fortuitous discovery of an insertional mutant
defective in melanin deposition in the cell wall through a forward genetic screen, we began to address those questions by systematically
investigating all the melanin biosynthetic enzymes in the human fungal pathogen Aspergillus fumigatus and the model filamentous fungus
A. nidulans. Our findings indicate that melanin biosynthesis is initiated in secretory endosomes and their exocytosis leads to the deposition
of melanin granules in the cell wall. According the discoveries, it is suggested that a unified theme in the organization of melanin
biogenesis and trafficking in this special endosomal-derived organelle (melanosomes) exists in both fungi and mammals, and secretory
endosomes may play a major means for the biogenesis and trafficking of fungal polyketides, a group of natural products that are vital to
modern medicine and agriculture.

92. A novel role for an SR/RRM family mRNA shuttling binding protein in cell cycle regulation in Aspergillus nidulans. S. L.
Anglin®, S. James?. 1) Dept. Biology, Millsaps College, Jackson, MS; 2) Dept. Biology, Gettysburg College, Gettysburg, PA.

SR/RRM proteins are a class of small nuclear ribonucleoproteins known to have functions in spliceosome assembly and catalysis as well
as in mRNA transcription and export. Heretofore, this family of proteins has not been implicated in the regulation of cell division. We
recently reported that the Aspergillus nidulans snxA gene encodes an ortholog of budding yeast Hrb1/Gbp2 and of human hnRNP-M,
members of the SR/RRM protein family. hnRNP-M is a ubiquitous and highly expressed nuclear protein in human tissues, and is known to
control alternative splicing of developmentally regulated genes. SNXA localizes to the nucleus but is excluded from the nucleolus in A.
nidulans, paralleling the localization of hnRNP-M. The snxAl mutation was originally identified as an extragenic suppressor of mutations
in the G2/M regulatory gene nimX*®?, and we have shown that it suppresses mutations in multiple components of the CDC2/CYCLINB
regulatory pathway, including nimT23%% and nimE6®“™ put not nimA5 or nimAL. We further found that both snxA1 and a second allele,
snxA2, are hypomorphic and that both mutations result in significantly decreased snxA transcription and SNXA protein
levels. Additionally, mutation or deletion of snxA alters NIMECYCHNB [gcalization patterns. Our data suggest that SNXA may normally
function to restrain the G2/M transition by affecting the CDC2/CY CLINB regulatory pathway, suggesting a novel function for the
SR/RRM family that links RNA metabolism and transport to regulated cell division.

93. Global examination of the molecular roles, localizations and interactomes of F-box proteins in fungal development. Oezquer
Bayram®, Oezlem Sarikaya Bayram®, Sabine Reen?, Gustavo Goldman®, Gerhard Braus®. 1) Department of Biology, Maynooth University,
Maynooth, Co. Kildare, Ireland; 2) Department of Molecular Microbiology and Genetics, Georg-August University, Gottingen, Germany;
3) Faculdade de Ciéncias Farmacéuticas de Ribeirdo Preto, Universidade de S&o Paulo, Brazil.

Multiprotein complex, Skp-Cul-Fbox (SCF) E3 ubiquitin ligases, are the largest family of E3 ligases that are responsible for marking of
target proteins with ubiquitin and subsequent proteasome-dependent degradation. SCF E3 ligases are involved in many cellular processes,
including transcription, cell-cycle control by determining protein levels of target proteins. The F-box component of the SCF complex is
essential for the substrate specificity of the SCF complex by recruiting target proteins for ubiuitination. In this study, we have
systematically investigated the molecular functions of 73 F-box or F-box-like protein encoding genes of the eukaryotic model system
Aspergillus nidulans. Deletion of 73 fbx genes revealed that only 8-10 % of the fbx genes are required for proper fungal development and
light response. Only fbx25, which encodes SconB necessary for sulphur metabolism, is essential for fungal growth and survival. 50 % of
the F-box proteins (30-35) are associated with the SCF complexes through the adaptor SkpA protein during fungal development. Several F-
box proteins show development and stress specific interactions with the SkpA protein. 30 % of the F-box proteins are exclusively localized
to the nuclear fraction whereas the rest show other localization patterns including, cytoplasmic, hyphal tip and plasma membrane. High
scoring F-box proteins (Fbx1 to Fbx48) interact with more than 1500 proteins including SkpA and CullinA. These data suggest that F-box
proteins interact with at least 15% of the total proteome and control developmental responses to environmental stimuli and stresses.

94. The role of septin AspD in Aspergillus nidulans. 1. Dérter, M. Momany. Plant Biology Dept, UGA, Athens, GA.

Septins are evolutionarily conserved GTP-binding proteins from the GTPase superfamily that form filaments, which play roles as
important and diverse as those of actin and microtubules. These new and increasingly characterized cytoskeletal components act as
diffusion barriers and coordinate cytokinesis and nuclear division.

Septins are classified into five orthologous groups, and monomers from different groups associate to form nonpolar heteropolymeric rods,
which in turn assemble into higher-order structures including rings and filaments that can be visualized by fluorescent microscopy of GFP-
tagged septins. The mechanisms driving septin heteropolymer and higher-order structure assembly are only beginning to be understood.

The filamentous fungus Aspergillus nidulans has one septin from each phylogenetic group. Four of the A. nidulans septins are orthologs of
the core septins in S. cerevisiae and the fifth septin, AspE, is lacking in unicellular yeasts and appears to be ancestral. Our results show that
at least two distinct septin heteropolymer populations co-exist in A. nidulans.

According to our data, the septin AspD, which is homologous to Saccharomyces cerevisiae Cdc10p, is only present in one of the
heteropolymers. In contrast to the other three core septins, deletion of AspD did not show emergence of extra germ tubes and branches in
early development, but daspD deletion strains revealed abnormal nuclear morphology. Further, daspD colonies showed an increased
frequency of sectoring relative to wildtype. Fluorescence microscopy and time-lapse analyses revealed AspD-GFP tagged septin rods
contact nuclei and the cell cortex. Thus our results suggest that AspD might play a role in coupling nuclear division to cytokinesis.
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95. Functional domains of the developmental regulator FIbB mediate the tip-to-nucleus communication in Aspergillus nidulans
vegetative hyphae. Erika Herrero-Garcia?, Elixabet Perez de Naclares-Arregui®, Marc S. Cortese®, Ane Markina-Ifiarrairaegui’, Qier
Etxebeste®, Eduardo A. Espeso?, Unai O. Ugalde®. 1) Biochemistry I Lab., Dept. of Applied Chemistry, The University of The Basque
Country, 20018, San Sebastian, Gipuzkoa, Spain; 2) Department of Cellular and Molecular Biology, Centro de Investigaciones Bioldgicas
(CSIC), Ramiro de Maeztu 9, 28040 Madrid, Spain.

Polar cells have developed multiple mechanisms to convey environmental signals from the polarity site to the nucleus and induce the
appropriate cellular response. These mechanisms include transcription factors located at the polarity site, such as FIbB, which signals
asexual development in vegetative hyphae of the filamentous fungus Aspergillus nidulans. FIbB is detected at the tip and apical (but not
distal) nuclei, and understanding the relationship between these pools is crucial for the elucidation of the mechanisms that induce
conidiation. Photo-convertible tagging with Dendra2 demonstrated a directionality of FIbB movement from the tip to nuclei, in a process
that required an N-terminally located nuclear localization signal. Tip localization of a constitutively expressed GFP::FIbB chimera was
abolished in the null mutant of its apical interactor FIbE, while the nuclear pool was increased. The aconidial phenotype of this strain
demonstrated that tip processing of FIbB is a prerequisite for the induction of conidiation in nuclei. The bZIP domain of FIbB is essential
and sufficient to enable the interaction with FIbE. However, the retention of FIbB at the tip also requires the C-terminal domain, since the
substitution of the cysteine 382 by an alanine disrupted the apical localization. Overall, these findings demonstrate that fungal-specific
adaptors and the establishment of a specific three dimensional conformation are key requirements for the apical localization of FIbB and
demonstrate that nuclei are asymmetrically fed with a transcriptionally active pool originating at the tip.

96. The velvet family of fungal regulators contains a DNA-binding domain structurally similar to NF-kB. Jennifer Gerke®, Yasar
Lugman Ahmed?, Hee-Soo Park®, Ozgiir Bayram', Piotr Neumann?, Min Ni®, Achim Dickmanns?, Sun Chang Kim®*, Jae-Hyuk Yu®, Ralf
Ficner?, Gerhard Braus®. 1) Molecular Microbiology and Genetics, Georg-August University, Gottingen, Germany; 2) Molecular Structural
Biology, Georg-August University, Gottingen, Germany; 3) Bacteriology and Genetics, University of Wisconsin-Madison, Madison,
Wisconsin, USA, 4) Biological Sciences, Korea Advanced Institute of Science and Technology, Dae-Jon, Republic of Korea.

Fungi produce small bioactive molecules (secondary metabolites) for signaling and protection, whereas in animals the inflammation and
immune system is responsible for self-defense. The regulation of secondary metabolism and the control of development in fungi are
coordinated by a family of velvet-domain containing regulators, the velvet proteins. These are conserved across the fungal kingdom and
share a homologous region of about 150 amino acids that lacks sequence homology to any other known protein. In vivo chromatin immuno-
precipitation (ChIP) and in vitro electrophoretic mobility shift assays (EMSAs) showed that the velvet-domain of the Aspergillus nidulans
protein VVosA is a novel DNA-binding domain that specifically recognizes an 11-nucleotide consensus sequence in the promoter regions of
key developmental regulatory genes. The crystal structure analysis of the VosA velvet-domain revealed an unforeseen structural similarity
with the Rel homology domain (RHD) of the mammalian transcription factor NF-xB. RHD-containing proteins control inflammation, the
immune system and development in animals. We identified several conserved amino acid residues in the velvet-domain and showed that
they are essential for the DNA-binding ability of VosA. Additionally, we demonstrate by crystal structure analyses of the VosA homodimer
and the VosA-VelB heterodimer that the velvet-domain is also important for dimer formation. These findings indicate that the coordination
of development and defense mechanisms in fungi and animals might be controlled by the structurally related RHD and velvet proteins, and
that they might have a common functional origin. The different homo- and heterodimers of velvet proteins might modulate gene expression
of developmental and defensive pathways similar to NF-«xB.

97. The sepG gene in Aspergillus nidulans encodes an IQGAP homologue. Terry Hill*, Loretta Jackson-Hayes?, Kristen Wendt". 1) Dept
Biol, Rhodes College, Memphis, TN; 2) Dept. Chem, Rhodes College, Memphis, TN.

The study of septation in filamentous fungi received a significant boost twenty years ago through the identification and characterization
of several temperature-sensitive septation (sep) mutants in Aspergillus nidulans by Steven Harris and colleagues (Harris et al., 1994,
Genetics 136: 517-532). One continuing loose end from that study has been the identity of the mutation designated sepG1. Through
meiotic mapping of sepG1’s position on Chromosome Il along with sequencing of candidate genes in the indicated chromosomal region,
we have identified sepG as Aspergillus nidulans gene AN9463. The predicted gene product shows 35% identity and 55% similarity to the
Schizosaccharomyces pombe Rng2 protein, described as an IQGAP homologue involved in septation. The mutation in sepG1 is a G-to-A
transition at position 5082 of the 5333-nucleotide open reading frame, predicted to cause a glycine-to-arginine substitution at residue 1637
of the 1737-amino acid product. The sepG1 phenotype is complemented by the cloned wild type allele. The N-terminal GFP-tagged
product of wild type AN9463 (GFP::SepG) colocalizes with actin and myosin during cell division, beginning with the “actin/myosin
tangle” phase that precedes mature contractile ring formation, and colocalization continues through ring contraction and
dissipation. GFP::SepG localization at septation sites is blocked by the sepH1 and sepAl mutations. The sepD5 mutation does not prevent
localization of GFP::SepG in peripheral rings, but it does block ring constriction. Reduced expression of wild type AN9463 under the
regulatable AlcA promoter blocks septum formation and the localization of a number of GFP-tagged septal ring-associated proteins such as
AspB and the A. nidulans homologue of S. cerevisiae Cdcl4. However, in a strain expressing both C-terminal tagged MyoB::GFP and the
in vivo actin-labeling probe Lifeact::mRFP, down-regulation of AN9463 did not prevent actin or myosin from colocalizing as a ring at
putative septation sites.

98. Golgi-localized and the palmitoyl transferase-related AkrA homologs mediates [Ca?']; transient to response ER and azole
stresses. Yuanwei Zhang?, Qingging Zhen?, Jinxing Song', Lina Gao', Alberto Mufioz?, Nick D. Read?, Ling Lu®. 1) College of Life
Science, Nanjing Normal Univeristy, Nanjing, jiangsu, China; 2) Manchester Fungal Infection Group, Institute of Inflammation and Repair,
CTF Building, University of Manchester, Manchester M13 9NT, UK.

Finely tuned [Ca*']; changes mediate several intracellular functions, resulting in subsequent activation or inactivation of a series of
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conserved Ca?* signaling components and their target proteins. Palmitoylation is a reversible post-translational modification involved in
membrane protein trafficking and functional modulation. However, studies on the relationship between calcium signaling and
palmitoylation have been limited. Here, we demonstrate that the homologs of yeast palmitoyl transferase ScAkrlp, AkrA in Aspergillus
nidulans and SidR in Aspergillus fumigatus, play important roles under low calcium conditions. Deletion of akrA or sidR shows remarkable
defects in hyphal growth and conidiation, but adding extracellular calcium can completely rescue the growth defects. Moreover, using the
calcium probe aequorin in live cells, we found that all of the palmitoyl transferase-related akrA mutants induced larger decreases in the
[Ca?']; response to extracellular Ca®* compared to the previously identified high-affinity calcium influx system members (CchA and MidA)
and compared to the parent control strain. Moreover, ER stressors- or azole-induced calcium transient was completely blocked by AkrA
defects, especially in low calcium conditions where we did not detect a calcium transient. Interestingly, all of the above-described functions
AkrA are tightly related to cysteine residues in its DHHC-CRD and its palmitoyl transferase activity. Thus, Golgi-localized AkrA mediates
the [Ca®"]; transient likely by globally palmitoylating calcium signaling components and their target proteins. Our findings provide insight
into a new link between calcium signaling and palmitoylation in the regulation of cell survival processes upon ER and membrane stress.

99. The functional orthologue of the human tumor suppressor APC protein MigA plays a role in polarity determination in the
filamentous fungus Aspergillus nidulans. Raphael Manck, Yuji Ishitsuka?, Satur Herrero®, Norio Takeshita®, G. Ulrich Nienhaus?,
Reinhard Fischer™. 1) IAB - Microbiology, KIT, Karlsruhe, Germany; 2) CFN, KIT, Karlsruhe, Germany.

Polarity establishment and maintenance is an essential process conserved in all kingdoms and very obvious in filamentous fungi like
Aspergillus nidulans. The cell needs an orchestrated polarization machinery to initiate and sustain a highly polarized structure such as a
hypha. The microtubule (MT) and the actin cytoskeleton along with MT associated proteins such as MT plus-end tracking proteins (+TIP)
play key roles in defining an internal polarity axis. In addition, MT’s define the site of actin polymerization through the delivery of cell end
marker proteins (1).

Here we describe MigA from A. nidulans, which is the first functional orthologue of the human tumor suppressor APC in filamentous
fungi. APC is an essential regulator of radial glial polarity and construction of the cerebral cortex in mice (2). Furthermore it regulates axon
arborization and cytoskeleton organization. MigA interacts with the membrane associated ApsA protein and is involved in spindle
positioning during mitosis. Since MigA is related to yeast Kar9, this function is conserved in comparison to Saccharomyces cerevisiae.
Moreover, MigA is also associated with septal and nuclear MT organizing centers and localizes in an EbA-dependent manner to
assembling and retracting MT plus-ends. This characteristic classifies MigA as a +TIP. A. nidulans MigA forms a homodimer and is able to
bind filamentous a-tubulin autonomously. In contrast to Kar9, MigA has another unexpected function. It is required for MT convergence
and correct localization of the cell end markers TeaR and TeaA at the hyphal tip. MigA also interacts with the class VV myosin MyoV.
Taken together we propose an active Actin-MyoV-MigA-dependent guidance mechanism, the MigA-pathway, of MT’s in the hyphal tip.
Hence, actin and MT organization depend on each other.

(1) Fischer et al. (2008). Mol Microbiol. May; 68(4):813-26

(2) Yokota et al. (2009). Neuron. Jan 15;61(1):42-56.

100. Cytoplasmic dynein is required for the coalescence and clearance of protein aggregates in filamentous fungi. Mark
McClintock®, Martin Egan?, lan Hollyer!, Hunter Elliott?, Samara Reck-Peterson®. 1) CELL BIOLOGY, HARVARD MEDICAL
SCHOOL, BOSTON, MA; 2) IMAGE AND DATA ANALYSIS CORE, HARVARD MEDICAL SCHOOL, BOSTON, MA.

Eukaryotes have evolved multiple strategies for maintaining cellular protein homeostasis. One such mechanism involves neutralization of
deleterious protein aggregates via their defined spatial segregation. Here, using the molecular disaggregase Hsp104 as a marker for protein
aggregation, we describe the spatial and temporal dynamics of protein aggregates in the filamentous fungus Aspergillus nidulans.
Filamentous fungi, such as A. nidulans, are a diverse group of species of major health and economic importance and also serve as model
systems for studying highly polarized eukaryotic cells. We find stress-induced protein aggregates require microtubules to form discrete
inclusions. Coalescence and clearance of these inclusions requires the microtubule-based motor cytoplasmic dynein. Finally, we find that
impaired clearance of these inclusions negatively impacts retrograde trafficking of endosomes, a conventional dynein cargo, indicating that
microtubule-based transport can be overwhelmed by chronic cellular stress.

101. Insights into the nuclear transport and function of the transcription factor FIbB. Elixabet Oiartzabal®, Aitor Garzia?, Eduardo A.
Espeso®, Unai Ugalde®, Oier Etxebeste’. 1) Dept. of Applied Chemistry, Faculty of Chemistry, University of The Basque Country. Manuel
de Lardizabal 3, 20018, San Sebastian; 2) Howard Hughes Medical Institute, Laboratory of RNA Molecular Biology, Rockefeller
University, 1230 York Avenue, New York, NY 10065; 3) Dept. of Cellular and Molecular Biology, Centro de Investigaciones Bioldgicas
(CSIC), Ramiro de Maeztu, 9, 28040, Madrid, Spain.

The UDA (Upstream Developmental Activator) pathway of Aspergillus nidulans transduces environmental signals and activates asexual
development. FIbB is a key UDA transcription factor (TF) which is accumulated at the most apical nucleus and the tip of vegetative
hyphae, through a mechanism that requires the activity of additional UDAs. Tip accumulation of FIbB is mediated by the adapter UDA
FIbE. The present work has focused on the retrograde transport of FIbB from the tip to the nucleus, and its transcriptional activity there.
Nuclear import of FIbB is mediated by a bipartite nuclear localization signal located at the N-terminus. It has been previously reported that,
once in the nucleus, FIbB activates the expression of flbD (another UDA factor coding gene), and then both factors are jointly required for
the induction of the first specific asexual development regulator, brlA. We have now found that FIbD activity is essential for the nuclear
accumulation of FIbB. FIbD and FIbB interact, and the deletion of flbD causes a significant reduction in the nuclear accumulation of FIbB
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and an increase in its apical fluorescent intensity. Bi-directional, cytoplasmic and microtubule-dependent movement of FIbB::GFP can be
easily followed in a 4fIbD background. RNA sequencing analyses comparing AflbB and wild-type transcriptomes show that FIbB has
additional roles, such as the suppression of the dba metabolic cluster, responsible for the synthesis of DHMBA, an antibacterial metabolite.
In addition, our study also identifies FIbB-mediated regulation of the putative Helix-Loop-Helix type TF UrdA, an inducer of asexual and
repressor of sexual development. The results presented widen the scope on the transcriptional roles of FIbB and the mechanisms that allow
the transduction of environmental signals from the tip to the nucleus in A. nidulans.

102. Conserved, rare codons encoding residues of the N-terminal region of the urea transporter UreA are necessary for proper
synthesis and/or targeting to the plasma membrane. M. Sanguinetti*, M. Veygal, A. Iriarte®, S. Amillis?, H. Musto®, M. Marin®, A.
Ramon®. 1) Biochemistry Section, Dept of Cellular and Molecular Biology, Faculty of Sciences - UdelaR, Montevideo, Uruguay; 2)
Faculty of Biology, Dept of Botany, University of Athens, Athens, Greece; 3) Laboratory of Genome Organization and Evolution, Dept of
Ecology and Evolution, Faculty of Sciences - UdelaR, Montevideo, Uruguay.

Our group has developed an in vivo model to contribute to the understanding of how codon usage and translation kinetics can determine
membrane protein folding in vivo, by making use of site-directed mutagenesis in a functional GFP-tagged version of UreA. Through an
evolutionary analysis we have identified conserved “frequent” or “rare” codons in UreA orthologues from the sequenced Aspergilli. When
two rare codons coding for two residues in the N-terminal portion of the protein are changed into synonymous, frequent ones, the resulting
strain shows impaired ability to grow on urea at 37°C, but not at 25°C. **C-urea transport assays support these results, whereas Western
blot and epifluorescence microscopy show a lower amount of protein in the membrane of the mutant strain, apparently due to a decrease in
UreA synthesis or translocation to the membrane. No significant differences could be determined in the levels of mMRNA or the predicted
structures of the wild type and mutant strains. In order to determine differences in local translation kinetics, in vitro assays are currently
being optimized. We speculate that the two conserved, rare codons could play a role in establishing a translational pause which may be
important in the first steps of UreA synthesis and sorting to the membrane.

Work supported by ANII, CSIC and PEDECIBA (Uruguay).

103. Coordination of aminophospholipid asymmetry, P4 ATPases, and vesicle traffic during hyphal growth. Zachary Schultzhaus,
Huijuan Yan, Brian Shaw. Plant Pathology and Microbiology, Texas A&M University, College Station, TX.

How proteins break symmetry and congregate in specific places inside cells is a major question in developmental biology, and fungal
hyphae are excellent models for studying this phenomenon. Hyphae precisely localize a large group of proteins in order to colonize and
maintain a constant shape. This organization includes a strict segregation of endocytosis and exocytosis into different areas of the apical
compartment in growing hyphae. How endocytosis and exocytosis initialize, however, is unclear in these cells. Recently, the asymmetric
nature of the phospholipid bilayer has attracted attention for playing roles in diverse processes such as phagocytosis and cell polarity. In
this project we analyzed the role of phosphatidylserine distribution in fungal tip growth. The distribution of the phospholipid
phosphatidylserine in growing hyphae was assessed. Phosphatidylserine concentrated on the outside of secretory vesicles, rather than the
plasma membrane, in contrast to what is seen under normal conditions in budding yeast. Moreover, the deletion of phospholipid flippases
caused a dispersal of phosphatidylerine secretory vesicles from the apex to the rest of the cytoplasm. These results indicate that
phospholipid flippases (P4 ATPases) may be important for phosphatidylserine polarity on secretory vesicles, and thus for the localization
of many tip proteins in growing cells.

104. Sclerotia formation in Aspergillus niger is accompanied by expression of otherwise silent secondary metabolite gene clusters.
Arthur Ram, Anne-Marie Burggraaf-van Welzen, Mark Arentshorst, Thomas Jorgensen. Molecular Microbiology and Biotechnology,
Leiden University, Institute Biology Leiden, Leiden, Netherlands.

Sclerotia are compact mycelial masses with hardened, thick walls and a less dense stroma. They play a role in dormancy, serving to
survive adverse environmental conditions and are considered to be an important prerequisite for sexual development. Several
environmental factors have been shown to be correlated to the production of sclerotia, such as absence or presence of light, medium
composition, oxygen availability and temperature. Aspergillus niger is a biotechnologically important fungus which is only known to
proliferate asexually. Sclerotia formation of naturally isolated strains of A. niger has only be recently reported in certain A. niger strains
grown on specific medium containing raisins, other fruits or rice. We previously described an Aspergillus niger mutant (scl-2) displaying a
reduced conidiation phenotype and forming abundant sclerotia on commonly used rich medium agar plates not supporting sclerotium
formation in the WT. In this study, we characterized the sclerotia forming mutant (scl-2) in detail. Several lines of evidence support that the
multicellular structures are indeed sclerotia: i) Safranin staining of microscopic coupes of the sclerotia-like structures produced showed the
typical cellular structure of a cell dense outer layer and a less dense inside in the sclerotium, ii) formation of the sclerotia-like structures is
inhibited by light iii) dependent on the oxidative state of the mycelium requiring a functional noxA/noxR-dependent NADPH oxidase
complex. Genome-wide expression analysis of the scl-2 mutant suggests specific sclerotium dependent production of indoloterpenes.
Inspection of gene expression data available for Aspergillus niger which includes over 150 growth conditions revealed that three secondary
metabolite gene clusters of which two are indicated to be related to indoloterpene synthesis were uniquely expressed in sclerotia.

105. Genome-wide transcriptome analysis of cell wall remodeling in Aspergillus niger in response to the absence of galactofuranose
biosynthesis. Joohae Park®, Mark Arentshorst*, Boris Tefsen?, Ellen Lagendijk’, Cees van den Hondel*, Irma van Die?, Arthur Ram*. 1)
Molecular Microbiology and Biotechnology, Leiden University, Institute Biology Leiden, Leiden, The Netherlands; 2) Department of
Molecular Cell Biology and Immunology, VU University Medical Center, Amsterdam, The Netherlands.

The biosynthesis of cell wall galactofuranose (Galf) containing glycostructures such as galactomannan, N-glycans, O-glycans and
glycosylinositolphosphoceramides in filamentous fungi are important to secure the integrity of the cell wall. A key gene in the biosynthesis
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of UDP-Galf is ugmA which encodes a UDP-galactopyranose mutase which is essential for the conversion of UDP-Galp to UDP-Galf. In
A. niger, the absence of Galf synthesis results in activation of the cell wall integrity (CWI)-pathway indicating that the Galf biosynthesis is
important for maintaining cell wall strength. To identify genes involved in maintaining cell wall integrity in response to the absence of
galactofuranose biosynthesis, a genome-wide expression study was performed with the ugmA deletion strain. RNAseq analysis

revealed 432 upregulated genes to be differentially expressed (Q-value <0.05) in the ugmA mutant compared to the wild-type and these
genes encode enzymes involved in alpha-glucan synthesis (agsA), chitin synthesis (gfaB, gnsA, and chsA), beta-glucan remodeling (bgxA,
gelF, and dfgC) and several (GPI)-anchored cell wall protein encoding genes. Interestingly, also the gene encoding the CWI-specific Map-
kinase-kinase (mkkA) was induced in the ugmA mutant. In silico analysis of the 1-kb promoter regions of the differentially up-regulated
genes in the ugmA mutant using an in house developed transcription factor binding site finder program, indicated overrepresentation of
genes with RImA or SteA binding sites. The importance of the RImA and SteA transcription to induce cell wall remodelling genes is
currently under investigation by constructing a rimA-ugmA and steA-ugmA double mutants.

106. The use of the parasexual cycle and bulk segregant analysis followed by high-throughput sequencing to characterize a
sclerotia-forming mutant in Aspergillus niger. Arthur Ram, Anne-Marie Burggraaf-van Welzen, Jing Niu, Thomas Jgrgensen, Mark
Arentshorst. Molecular Microbiology and Biotechnology, Leiden University, Institute Biology Leiden, Leiden, Netherlands.

Much of our current understanding in fungal growth and development is derived from forward genetic screens to select developmental
mutants. Identification of the molecular basis for a particular phenotype in UV-generated mutants is tedious and time consuming. Whole
genome sequencing (WGS) provides an effective alternative to identify the molecular lesion in a mutant isolated from a genetic screen. We
have successfully used the so called “bulk segregants analysis” approach in combination with WGS to characterize the molecular basis for
a hypersclerotial mutant (scl-2) in A. niger. Since A. niger has no sexual cycle, we used the parasexual cycle to obtain segregants. In the
bulk-segregant analysis approach, the mutant of interest is crossed to a wild-type strain and segregants displaying the phenotype of interest
are pooled and DNA from this pool of segregants is sequenced using a deep sequencing technology (e.g. Illumina). In addition, the
genomes of the parental strains were also sequenced and SNPs and indels were identified. SNPs and indels between the parental strains not
related with the phenotype, have a 50% chance to be present in the pool; SNPs and indels responsible for the phenotype or closely linked to
the mutation responsible for the phenotype, are conserved in the pool. Sclerotia formation was found to be caused by a non-sense mutation
in the Zn(I1)2Cys6 domain of an until now unknown transcription factor. Subsequent complementation analysis and targeted deletion are in
progress to confirm its role as a potential repressor of sclerotia formation in A. niger. The opportunity to use WGS approaches to pinpoint
the molecular lesion in a mutated strain isolated from a genetic screen will speed up genetic identification making is suitable for new
approaches of near complete mutational saturation of a biological process and the resulting unravelling of entire genetic pathways and
networks.

107. Micro-colony heterogeneity in liquid cultures. Brand Recter, Wieke Teertstra, Han Wdsten. Department of Biology, Utrecht
University, Utrecht, The Netherlands.

Aspergillus niger is an important cell factory for enzymes and organic acids. Fungal morphology is a key contributor for productivity.
The fungus is grown in large scale bioreactors in industry. Morphology can range from dispersed mycelium to mm-scale micro-colonies.
Here we studied the morphology of A. niger mycelium in liquid shaken cultures using a COPAS-plus device, equipped with a 1 mm nozzle.
COPAS-analysis showed that micro-colonies are not uniformly distributed when conidia that were harvested 1 day after their formation
were used for inoculation. Statistical analysis showed a population of large and small micro-colonies. In contrast, inoculation with spores
that had been harvested 7 days after their formation resulted in a normal size distribution within the culture. Initial spore concentration also
impacted heterogeneity of the mycelium in a liquid shaken culture. When inoculated with a 7-fold higher spore concentration, smaller
micro-colonies were formed with a normal size distribution. In the next set of experiments we assessed the mechanisms of micro-colony
formation. Using GFP and dTomato labelled spores we showed that, if both types are mixed before spore germination, all micro-colonies
have a mixture of both types of fluorescence. However, when these strains were mixed after germination, only 15% of the micro-colonies
showed both types of fluorescence. This shows that secondary aggregation is less frequent when compared to conidial aggregation.

108. Characterization of septum association of a Woronin body-tethering protein Leashin in Aspergillus oryzae. Pei Han, Jun-ichi
Maruyama, Katsuhiko Kitamoto. Department of Biotechnology, The University of Tokyo, Tokyo, Japan.

Woronin body, a Pezizomycotina-specific organelle, is tethered to the septum in normal growth condition, and it plugs the septal pore in
response to cellular wounding, preventing the excessive loss of cytoplasm. Recently, we identified a Woronin body tethering protein
AOLAH in Aspergillus oryzae®. AoLAH is a single polypeptide with 5,727 amino acids; it is composed of conserved N- and C-terminal
regions and a long non-conserved middle region. We found that AoLAH N-terminal and C-terminal regions function for Woronin body
association and tethering to the septum, respectively. AoLAH middle region confers positional flexibility to the tethered Woronin bodies.
However, how the AocLAH C-terminal region associates specifically with the septum is not known. The aim of this study is to investigate
the mechanism for septal association of AoLAH.

AoLAH C-terminal region consists of 1,018 amino acids. According to secondary structure analysis, the former 505 amino acids of this
region is mostly structurally disordered while in the latter 513 amino acids several secondary structures such as a-helix and B-sheet were
predicted. This structure prediction is similar to those of the C-terminal region of LAH proteins from other Aspergillus species. AoLAH C-
terminal region fused with EGFP was closely associated with the septum as well as hyphal tip, and it was also observed as moving tubular
structures formed in a microtubule-dependent manner. This gives the possibility that AoLAH C-terminal region could be functionally
related with microtubules. After deleting the former 505 amino acids with predicted disordered feature, no motile tubular structures were
observed, indicating that this part is needed for tubular structure formation and movement along hyphae. However, the localization
associated at the septum and hyphal tip was still detected. Thus, the latter 513 amino acids with a-helix and B-sheet structures are sufficient
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to function for association to the septum and hyphal tip. This suggests the AoLAH C-terminal region may target to the septum and hypahl
tip in a similar mechanism. 1) Han et al. (2014) Eukaryot. Cell 13: 866-77.

109. Investigation of molecular mechanism regulating light-dependent repression of conidiation in Aspergillus oryzae. Jun-ichi
Maruyama, Helge M. Dietrich, Feng Jie Jin, Katsuhiko Kitamoto. Department of Biotechnology, The University of Tokyo, Tokyo, Japan.

The domesticated filamentous fungus Aspergillus oryzae is an important for Japanese fermentation industry. Its conidia are of high
interest for industrial use such as tane-koji (koji starter) producing companies and fermentation companies. Although other Aspergillus
species such as Aspergillus nidulans predominantly undergo conidiation under light illumination®, A. oryzae forms conidia in dark, but
conidiation efficiency is reduced in light?. It could be speculated that A. oryzae strains forming conidia in dark have been selected due to
the industrial necessity to grow them in dark room. How the fungus reacts to light in this reverse way has not yet been understood. To
investigate this question, we attempted to molecularly uncover the light response mechanism in A. oryzae.

When LED illumination was used, blue light was sufficient for the repression of conidiation, whereas red light had no impact.
Subsequently, deletion strains of the genes for putative blue light (AolreA) and red light (AofphA) receptors were generated. White and blue
light illuminations resulted in the repression of conidiation for the wild-type and AAofphA strains. Deletion of AolreA gene caused a
complete attenuation of the light-induced repression. These results indicate that AoLreA but not AoFphA is essential for light-dependent
repression of conidiation. RT-PCR analysis was performed for brlA gene encoding a positive conidiation regulator. White and blue light
illumination decreased the brlA mRNA amount in the wild-type and AAofphA strains, which is consistent with their repressive conidiation
phenotypes in light. In contrast, no light-dependent decrease of brlA mRNA amount was observed in the absence of AoLreA. These data
indicate that AoLreA governs the light-induced repression of conidiation in A. oryzae, which is an opposite way to that of A. nidulans
LreA.

1) Ruger-Herreros et al. (2011) Genetics 2) Hatakeyama et al. (2007) Biosci. Biotechnol. Biochem..

110. Functional characterization of two proteins potentially involved in response to fludioxonil in Botrytis cinerea: new virulence
factors? Jaafar Kilani'?, Colette Audeon?, Sabine Fillinger'. 1) INRA, AgroParis Tech, UMR1290, BIOGER, BP01, F78850 Thiverval-
Grignon, France; 2) Université Paris Sud, 91400 Orsay, France.

Fungi adapt rapidly to their environment due to signalling pathways like those involving mitogen activated protein kinase (MAPK). In
the necrotrophic pathogenic fungus Botrytis cinerea, the fungicide fludioxonil actives Sak1 and Bmp3 MAPKSs which are involved in
osmoregulation, cell wall integrity, development and pathogenicity. In order to understand the perception and transduction of the
fludioxonil signal, two proteins have been studied, Pom1 and PhnA which were identified from a comparative phosphoproteomic analysis
using fludioxonil.

Poml is a protein kinase, which was characterised in Schizosaccharomyces pombe and which is involved in the synchronization between
growth and cell division. The function of this protein has not been studied in filamentous fungi so far. Thus in B. cinerea, the pom1 deletion
mutant showed reduced growth and an early stop of necrosis development in planta. It appears that pom1 has a crucial role during the
infectious process but not during plant penetration. Moreover preliminary microscopic studies have shown a likely increase of septation
and branching indicating a potential role of Pom1 in the polar growth in B. cinerea.

In eukaryotes, the phosducin-like protein PhnA allows the dimerization between the subunits GB and Gy in the G-protein signalling
pathway. The phnA deletion mutant did not show necrosis in planta, but reduced in vitro growth and absence of conidia and sclerotia
production. Thus the deletion of phnA in B. cinerea showed that this gene is involved in vegetative growth, pathogenicity, and in
development.

The functional analysis of the two genes pom1 and phnA highlighted two new pathogenicity factors. Their involvement in fludioxonil
signal transduction remains to shown.

111. The NADPH oxidase complex in Botrytis cinerea - New functions, members and the potential link to essential ER functions.
Robert Marschall, Ulrike Siegmund, Paul Tudzynski. Institute of Plant Biology, University of Miinster, Minster, Germany.

Reactive oxygen species (ROS) are produced in conserved cellular processes either as byproducts of the cellular respiration in
mitochondria or as a support for defense mechanisms, signaling cascades or cell homeostasis. Their most common enzymatic producers are
NADPH oxidases (Nox). In fungi several subunits of these complexes have been identified and were shown to be involved in sexual
differentiation, pathogenicity and therewith in plant-fungi interactions.

Botrytis cinerea, also known as the gray mold fungus, is a necrotrophic plant pathogen with a broad host spectrum containing
economically important crops like tomatoes and grapes. In this phytopathogenic fungus two NADPH oxidase isoforms (BcNoxA and
BcNoxB) as well as their putative regulator (BcNoxR) were previously identified (Segmueller et al., 2008). For B. cinerea recently a new
component was identified. The putative ER protein BcNoxD interacts directly with BcNoxA, and therewith presents for the first time a
direct interaction between the catalytic subunits of the Nox-complex and other cellular components in fungi.
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Deletion mutants of BcNoxA and BecNoxD display an identical phenotype regarding pathogenicity, sclerotia and conidia formation.
Interestingly, both proteins seems to be not essential for the production of superoxide, since it was shown by the use of a new ROS
detection agent, that the knock out has no effect on external ROS levels and superoxide production during the penetration of onion
epidermal layers. Complementation studies revealed functions of the catalytic subunit BcNoxA inside the ER. Putative effects on the redox
state can be displayed by the redox sensitive biosensor ROGFP2 as an efficient tool for the measurement of redox state changes (Heller et
al., 2012).

Heller J, Meyer AJ, Tudzynski P (2012) Mol Plant Pathol. 13(8):935-47

Segmueller N. et al., (2008) Mol Plant Microbe Interact 21: 808-808-819.

112. Two key enzymes, one product — DHN melanin biosynthesis in the plant pathogen Botrytis cinerea is due to two differentially
expressed PKS-encoding genes. Julia Schumacher. IBBP, WWU Miinster, Schlossplatz 8, 48143 Miinster, Germany.

The biosynthesis of the dark pigment melanin involves the polymerization of DHN (1,8-dihydroxynaphthalene) that is produced via THN
(1,3,6,8-tetranydroxynaphthalene). Multiple routes for the assembly of THN by non-reducing polyketide synthases (PKSs) have evolved
that are due to different properties of the C-terminal thioesterase domains to release hepta- or hexaketides. PKS from
Colletotrichum lagenarium forms THN directly, while Aspergillus fumigatus ALB1 and Wangiella dermatitidis PKS1 form hexaketidic
intermediates that are deacylated by AYG1 to THN. The subsequent conversion of T4AHN to DHN comprises two rounds of enzymatic
reduction and one dehydration step, and is carried out in a similar fashion in all fungi. Botrytis cinerea, the causal agent of gray mold
disease and a member of the Leotiomycetes, incorporates DHN melanin in the conidia and the sclerotia. In contrast to other fungi,

B. cinerea possesses two highly similar PKS-encoding genes (bcpks12, bepks13), while single copies for the other melanogenic genes exist.
The relevance of having two copies of the key enzyme appears obscure when both enzymes are functional. However, considering the
differential expression pattern of bcpks12 (during sclerotial development) and bepks13 (during conidiation), we hypothesized that
BcPKS12 and BcPKS13 are responsible for sclerotia- and conidia-specific melanin biosynthesis, respectively. Indeed, PKS deletion
mutants are affected in sclerotial (Abcpks12) or conidial (Abcpks13) melanization while mutants of the core pathway (conversion of T4HN)
are impaired in total melanization leading to the accumulation of orange shunt products in both conidia and sclerotia. Phylogenetic analyses
indicate that BcPKS13 groups together with WdPKS1 while BcPKS12 groups with PKSs of melanin-producing Sordariomycetes
suggesting that BcPKS13 might be the native key enzyme and that BcPKS12 has been achieved via horizontal gene transfer. This
hypothesis is corroborated by the fact that the gene next to bcpks12 encoding the “Sclerotial Melanin Regulator” (BcSMR1) is more closely
related with orthologs from the Sordariomycetes (e.g. Magnaporthe oryzae PIG1) than with those from the Dothideomycetes (e.g.
Alternaria alternata CMR1).

113. Study of clathrin in the phytopathogenic fungus Botrytis cinerea. Eytham SOUIBGUI'?, Nathalie POUSSEREAU?, Marie-Pascale
LATORSE?. 1) University of Lyon, UMR5240, France; 2) BAYER SAS, 14 impasse Pierre Baizet, 69263 Lyon, France.

Endocytosis is the mechanism involved in internalization of molecules or particles into the cell. This mechanism is mainly required for
nutriments uptake, receptors mediated endocytosis, regulation of signaling molecules, plasma membrane turnover and cell polarity.
Different types of endocytosis pathways have been described and the most characterized pathway is the clathrin-mediated endocytosis. This
mechanism is widely described in mammalians, conserved from yeast to humans and it is known to be essential in higher organisms.

The formation of clathrin-coated vesicles results from five stages corresponding to initiation, cargo selection, coat assembly, vesicle
scission and uncoating. They imply more than 60 proteins recruited in an ordered sequence. The main component of the coat is clathrin
which forms a polymeric mechanical scaffold on the vesicle surface.

Clathrin function is not limited to endocytosis since it is also crucial in many other cellular processes such as protein secretion from the
trans-Golgi network, ESCRT-dependent cargo sorting at endosomes and mitosis (McMahon & Boucrot, 2011).

Few studies have been performed on clathrin in filamentous fungi but exploration of the fungal genomes highlights the conservation of
clathrin mediated endocytosis genes. A focus on expression data and localization of clathrin in B.cinerea will be presented.

McMahon & Boucrot, 2011, nature reviews 12: 517-533.

114. Stress signaling in Botrytis cinerea: The response regulator BcSkn7. Anne Viefhues, Ines Schlathoelter, Paul Tudzynski. IBBP,
University of Muenster, Muenster, Germany.

In the course of plant infection pathogens trigger an oxidative burst, which is part of the plants early defense reaction. The necrotrophic
plant pathogen Botrytis cinerea is known to contribute actively to the release of reactive oxygen species (ROS). ROS have an ambivalent
role as they are on the one hand toxic and responsible for damages of biological molecules and on the other hand they are important second
messengers. For the integration and transmission of these signals several stress responsive components are necessary to evoke the
appropriate response.
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Two key players in the oxidative stress response are the transcription factor Bap1* and the response regulator BcSkn7. Phenotypic analysis
of beskn7 and baplbceskn7 deletion mutants showed alterations in differentiation, virulence and gene expression. Abcskn7 is reduced in
vegetative growth and affected in the formation of reproduction structures. The mutant is highly sensitive to oxidative stress, as well as
reacts to temperature and osmotic changes. Modifications in the composition of the cell wall could be detected, indicated by changed gene
expression, reduced protoplast formation and sensitivity to cell wall or membrane stressors. Furthermore, an enhanced secretion of ROS
could be noticed. Virulence of the mutants based on conidia is not affected, however mycelium derived infections are defective. This effect
is even more severe for AAbap1bcskn7 and is probably due to a reduced penetration ability of the infection cushions. Expression analyses
revealed a strong influence of Bapl and BcSkn7 on the regulation of oxidative stress responsive genes. In a Y1H approach a direct binding
to the promotors of gshl and grx1 by Bapl and of glrl by BcSkn7 could be verified. Next steps include the examination of a direct
interaction between Bapl and BcSkn7 as they seem to act in concert in gene regulation.

Temme N. and Tudzynski P. (2009) Does Botrytis cinerea Ignore H,0,-Induced Oxidative Stress During Infection? Characterization of
Botrytis Activator Protein 1. MPMI 22 (8): 987-998.

115. Depletion of the mitotic kinase Cdc5p in Candida albicans results in the formation of elongated buds that switch to the hyphal
fate over time in a Ume6p-dependent manner. Amandeep Glory*, Chloé Triplet van Oostende?, Anja Geitmann?, Catherine Bachewich®.
1) Biology Department, Concordia University, Montreal, Quebec, Canada; 2) Institut de recherche en biologie végétale, Université de
Montréal, Montreal QC, Canada.

The fungal pathogen Candida albicans differentiates between yeast, hyphae and pseudohyphae in order to enhance survival in the human
host. Environmental cues induce hyphal development and expression of hyphal-specific genes. C. albicans can also form filaments in
response to yeast cell cycle arrest, in the absence of environmental cues, but the nature of these cells and their mechanisms of formation are
less clear. We previously demonstrated that depletion of the mitotic polo-like kinase Cdc5p resulted in the production of filaments under
yeast growth conditions that were distinct from hyphae with respect to several criteria, yet maintained polarized growth and expressed
hyphal-specific genes at later stages of development. In order to clarify the nature of these growth forms and their relationship to true
hyphae, we conducted time course-based investigations of aspects of the polar growth machinery, which can help distinguish cell types. In
Cdc5p-depleted cells, the Cdc42p GAP Rga2p became hyper-phosphorylated, as in true hyphae, but this was observed at only later stages
of CDCS5 repression. Further, the hyphal-specific genes HWP1, UME6 and HGC1 were strongly induced at approximately the same time
as Rga2p phosphorylation.  The tips of some later-stage filaments also demonstrated the hyphal-specific Spitzenkorper-like localization of
the myosin light chain Mlclp. HWP1 expression was dependent on Ume6p, and absence of Ume6p or Hgclp influenced late-stage
filament diameter and integrity. Finally, polarized growth and UME6 expression in Cdc5p-depleted cells were independent of the
transcription factor Hms1p. Thus, depleting Cdc5p may generate elongated yeast buds that switch to the hyphal fate over time through a
mechanism that involves UMES6 induction, possibly in response to maintenance of polarized growth. The results expand on the multiple
strategies with which C. albicans can modulate growth mode and expression of virulence determinants.

116. Heterokaryon analysis of a Cdc48-like gene, CpCdc48, from the chestnut blight fungus Cryphonectria parasitica demonstrates
it is essential for cell division and growth. Y.-H. Ko*, J.-M. Kim?, Y.-S. Jang’, D.-H. Kim'. 1) Institute for Molocular Biology and
Genetics, Center for Fungal Pathogenesis, Chonbuk National University, Jeonju-si, Jeollabuk-do, South Korea; 2) Department of Bio-
Environmental Chemistry, Wonkwang University, lksan, Jeollabuk-do, South Korea.

Functional analysis of a cell division cycle 48 (CDC48) ortholog, CpCdc48, from Cryphonectria parasitica was attempted via
construction of a CpCdc48-null mutant. Genotype analysis revealed that the putative CpCdc48-null mutant was a heterokaryotic
transformant containing two different types of nuclei (i.e., one with the wild-type CpCdc48 allele and the other with the CpCdc48-null
mutant allele). Although stable mycelial growth of the heterokaryotic transformant was observed on media containing hygromycin B,
neither germination nor growth of the resulting spores was observed on the selection media suggesting that the CpCdc48 gene is essential
for growth. Microscopic analysis of germinated conidia from the heterokaryon demonstrated that, although there were normal germinating
spores due to the wild-type conidia, there were many residual conidia that did not germinate. However, with prolonged incubation, non-
germinating conidia began to swell into gigantic globose spores. DAPI staining of these gigantic spores revealed the presence of multiple
nuclei without further germination. These gigantic conidia were not stable and underwent autolysis with further incubation. These findings
indicate that the cloned CpCdc48 gene is responsible for delayed cell cycle during spore germination resulting in some karyokinesis but not
following spore cytokinesis. Thus, CpCdc48 is essential for cell division and growth.

117. An S-phase checkpoint is necessary for appressorium-mediated plant infection in the rice blast fungus Magnaporthe oryzae.
Miriam Oses-Ruiz, Wasin Sakulkoo, Nicholas J. Talbot. University of Exeter, Exeer, Devon, United Kingdom.

The rice blast fungus, Magnaporthe oryzae, elaborates a specialized dome-shaped infection structure called an appressorium. Initiation of
appressorium development requires a switch from apical to isotropic growth, which is regulated by a G1 to S phase cell cycle transition.
Appressorium maturation is coupled to a single round of mitosis in the germ tube and generation of enormous turgor. This leads to septin-
dependent re-orientation of the F-actin cytoskeleton, which leads to penetration peg formation and plant cell invasion. Here, we present
evidence suggesting that appressorium-mediated plant penetration is regulated by an S-phase checkpoint that operates in the appressorium.
Progression of the appressorial nucleus into G2 is necessary for cytoskeletal re-polarisation at the base of the appressorium and for
penetration peg formation and plant infection. Moreover, we also show that DNA checkpoint kinases are necessary for the S-phase
mediated processes involved in initial appressorium development, but that they are dispensable for the penetration S-phase checkpoint. The
S-phase checkpoint required for plant penetration operates independently of the conventional DNA damage and repair response.
Generation of an analogue-sensitive mutant allele of Cdc28 also provided new insight into the mechanism of cell cycle regulation of
appressorium-mediated plant penetration in the rice blast fungus. An integrated model for the operation of cell cycle regulation and the
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control of appressorium morphogenesis and appressorium-mediated plant penetration will be presented.

118. ChIP-seq Analysis Identifies Target Genes of Transcription Factor PRO1 that Regulates Multicellular Development in
Sordaria macrospora. Eva Steffens, Ines Teichert, Ulrich Kiick. General and Molecular Botany, Ruhr-University Bochum, Bochum,
Germany.

Sordaria macrospora is a homothallic ascomycete, that has been studied as a model organism for fungal sexual development since the
late 50s. In forward genetic approaches several mutants were generated showing sterile phenotypes. In this collection of mutants we
recently characterized mutant prol, which generates only immature (protoperithecia) but never mature fruiting bodies (perithecia). The
mutant carries a gene deletion of the transcriptional regulator PRO1, which is characterized by a Zn(11),Cysg binuclear cluster, a DNA
binding motif at the N-terminus, and a putative nuclear localization signal (NLS). Thus it is related to the well-characterized transcription
factor GAL4 from yeast. Using a GFP-tagged version of PRO1, we were able to demonstrate a nuclear localization. The construct was also
used for chromatin immunoprecipitation coupled with high throughout sequencing (ChiP-seq) to identify the genome-wide distribution of
transcription factor binding sites. We were able to identify different MAP kinases and a scaffold protein of the cell wall integrity pathway
as putative PRO1 target genes. It was already shown that several of the target genes are involved in sexual differentiation of Sordaria
macrospora. A PRO1 DNA-binding motif was identified in promoter regions of some of these target genes and verified by EMSA analysis.
We also aim to identify interaction partners of PRO1 using immunoprecipitation together with mass spectrometry. The results of both
techniques will improve our understanding of a regulatory network controlling cellular differentiation.

119. Interactions of the Candida albicans chitin synthases at septation sites. Amy Ross, Maria Spyrou, Megan Lenardon. Aberdeen
Fungal Group, University of Aberdeen, Aberdeen, United Kingdom.

As fungal cells divide, they form a septum which acts as a stabilising barrier between the mother and daughter cells in yeast, and between
compartments in hyphae. In most fungi, the primary septum is made of chitin, the synthesis of which is essential for the viability of the
fungus. Most fungi have several enzymes which make chitin. Candida albicans has four chitin synthase enzymes (Chs1, Chs2, Chs3 and
Chs8), all of which are present at sites of septation before cytokinesis. The currently accepted view is that the class 1V enzyme (Chs3)
synthesises a chitin ring at septation sites onto which the essential class 1l enzyme (Chs1) synthesises the primary septal plate as the
actomyosin ring contracts between the two split septin rings. The role of the class | enzymes (Chs2 and Chs8) at septation sites is unknown.

We are probing the interactions of the C. albicans chitin synthases at septation sites in using live-cell fluorescence imaging and membrane
yeast two-hybrid assays. Single strains expressing multiple fluorescently-tagged chitin synthases are being used to determine the temporal
and spatial recruitment of the chitin synthases to septation sites, and co-localisation of proteins is being used as an indicator of potential
protein-protein interactions. Physical interaction between these protein pairs is then being tested in a split-ubiquitin membrane yeast two-
hybrid assay system. The information gathered in these experiments will be used to build a model of the C. albicans “septasome” and to
answer fundamental questions about how chitin synthesis is achieved at septation sites.

120. CoWHI2, the homolog of stress response regulator WHI2 of Saccharomyces cerevisiae, is involved in induction of host defense
response and regulation of hemibiotrophic infection in Colletotrichum orbiculare. H Ken, Y Kubo. kyoto prefecural university,
laboratory of plant pathology, graduate school of life and enviromental science, kyoto, Japan.

Colletotrichum orbiculare small GTP-binding protein CoRas2 positively regulates activation of cCAMP-PKA and MAPK CoMekk1-
Cmk1 signaling pathway involved in infection-related morphogenesis, and shows dynamic cellular localization in the process of infection.
In Saccharomyces cerevisiae, stress response regulator WHI2 contributes to stabilization of F-actin structure in response to nutritional
sensing, and F-actin dynamics require for proper localization of Ras protein. Therefore, to elucidate relationship of spatiotemporal
regulation of CoRas2 and infection-related morphogenesis, we functionally analyzed C. orbiculare CoWHI2, the homolog of WHI2 of S.
cerevisiae. First, we observed the pathogenesis and morphogenesis of the cowhi2 mutant. The cowhi2 mutant showed attenuate
pathogenicity on the cucumber cotyledons, and formed necrotrophic like narrow penetration hyphae at the primary infection stage unlike
biotrophic penetration hyphae in the wild-type, suggesting that CoWHI2 may be involved in transition from biotrophic stage to
necrotrophic stage during infection. Next, to elucidate whether host plant defense response is affected by the change of infection mode in
the cowhi2 mutant, we observed callose deposition and ROS accumulation beneath appressoria of the cowhi2 mutant. As expected, the
cowhi2 appressoria were accompanied by stronger callose deposition and ROS accumulation compared with the wild-type. This data
indicated that cowhi2 mutation is involved in rapid and increased induction of host defense response. Finally, to check whether the cowhi2
mutant accelerates transition from biotrophic stage to necrotrophic stage, we evaluated expression of PR gene Cucumis sativus
DEFENSIN19 in the initial phase of epidermal cell infection. The expression of cucumber DEFENSIN19 inoculated with the cowhi2
mutant was significantly upregulated compared with the wild-type, suggesting that CoWHI2 could be a key factor for hemibiotrophic
infection.

121. Colletotrichum orbiculare MOR signaling pathway is involved in appressorium development triggered by cutin monomers
from the host plant exudate. S. Kodama, A. Sakaguchi, I. Miyashita®, T. Ishii?, H. Miyoshi®, Y. Kubo. 1) Laboratory of Plant
Pathology, Graduate School of Life and Environmental Sciences, Kyoto Prefectural University, Kyoto, Japan; 2) Laboratory of Pomology,
Graduate School of Life and Environmental Sciences, Kyoto Prefectural University, Kyoto, Japan; 3) Laboratory of Biofunction
Chemistry, Graduate School of Agriculture, Kyoto University, Kyoto, Japan.

In many plant pathogenic fungi, morphogenesis of infection structures is triggered by physical or chemical signals from plant surface. We
previously reported that cucumber anthracnose fungus Colletotrichum orbiculare COKEL2, a Schizosaccharomyces pombe teal homologue
is essential for proper morphogenesis of appressoria on artificial substrate but is dispensable for appressorium formation on host plant
surface. Our results suggested that there could be a bypass pathway that transduces plant-specific signals for appressorium formation
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independent of COKEL2. To determine specific components of the plant-specific signaling pathway, we performed the screening of
insertional mutants in cokel24 background and identified CoPAG1, a Saccharomyces cerevisiae PAG1 homologue as a mutated gene of a
mutant. Pagl is one of the components of MOR [morphogenesis-related NDR (nuclear Dbf2-related) kinase network], a signaling cascade
that is involved in the maintenance of cell polarity and morphogenesis. Targeted gene deletion analysis revealed that CoPagl is a key
component of plant-specific signaling pathway. In addition, cellular localization of CoPagl responds to biological signals during
appressorium development. In S. cerevisiae MOR, Pagl facilitate activation of the NDR kinase Cbk1. Constitutive activation of CoCbk1
led to suppression of copagl4 phenotype, suggesting that CoPagl functions via MOR pathway in C. orbiculare. A cutin monomer isolated
from cucumber exudate restored normal appressorium formation of cokel24 on artificial substrate, whereas copaglAcokel2A formed
abnormal appressoria in the presence of the cutin monomer. Our data demonstrate that MOR pathway plays a crucial role in appressorium
formation triggered by the cutin monomer from host plant surface.

122. The HLH transcription factor ndrA, which is necessary for conidiation, negatively controls sclerotia formation in Aspergillus
flavus. Kap-Hoon Han®, Mohammed A. Abdo Elgabbar®, Dong-Min Han?. 1) Pharmaceutical Engineering, Woosuk University, Wanju,
Jeonbuk, 565-701, South Korea; 2) Division of Life Science, Wonkwang University, Iksan, 570-749, South Korea.

Aspergillus flavus is a saprophytic and pathogenic fungus that can infect animals and humans directly or indirectly by its secondary
metabolites. It mainly reproduces clonally by means of conidia (asexual spores), although sexual developmental process has been recently
reported. In eukaryotes, the helix-loop-helix (HLH) transcriptional factors play an important role in the developmental processes. One of
these factors is Aspergillus nidulans HLH transcription factor ndrA, which is involved in the early stage of conidiophore development and
sexual development. Previous unpublished results showed that expression of the ndrA (NsdD-Dependent Regulator) gene is largely
affected by a GATA factor NsdD, and is negative regulator of sexual development as well as positive regulator of asexual development. By
BLASTP of A. niduans NdrA, we identified the orthologue of ndrA (AflndrA) in A. flavus. The deletion of AfIndrA resulted in almost
absence of conidia yet abundant production of sclerotia. The complementation of AflndrA deleted strain by the intact AflndrA ORF has
restored the conidiation as in the wild type with diminishing sclerotia. Moreover, we found that, AflndrA dose not affect the aflatoxin
production as well as the antifungal drug sensitivity or resistance. The expression of AfndrA is upregulated at 12 hours under asexual
development favorable condition. Taken together, the AflndrA gene could be considered as a one of the conidiation-critical and sclerotia
controlling genes in A. flavus..

123. Aspergillus fumigatus HLH transcription factor, AfundrA, is required for conidiation. Mohammed A. Abdo Elgabbar?, Sang-
Cheol Jun?, Jong-Hwa Kim?, Dong-Min Han®, Kap-Hoon Han®. 1) Pharmaceutical Engineering, Woosuk University, Wanju, Jeonbuk, 565-
70, South Korea; 2) Division of Biological Sciences, Chonbuk National University, Jeonju, 561-756, South Korea; 3) Division of Life
Science, Wonkwang University, Iksan, 570-749, South Korea.

Asexual reproduction and conidiation in the Aspergillus spp. is a mean by which progeny arise from a single parent, and inherit the
parental genes only. In an opportunistic pathogenic fungus Aspergillus fumigatus, conidia are the primary causative agent of invasive
aspergillosis. The helix-loop-helix (HLH) transcriptional factors that control cell growth and differentiation are considered as key
regulators for a wide range developmental processes. In a model fungus Aspergillus nidulans, one HLH gene, named ndrA, which is
regulated by NsdD GATA factor, has been isolated and characterized as a negative regulator of sexual development as well as a positive
regulator of asexual development. To study conserved and divergent role of the A. nidulans ndrA, we performed BLAST search and
identified the A. fumigatus ortholog AfundrA gene, which is its knockout made this fungus unable to produce the conidia. The AfundrA
complemented strain was able to produce numerous amounts of conidia, which is as same as the wild type strain. Northern analysis showed
that the AfundrA gene was highly expressed in the early stage in the conidiation. There was no difference between the wild type and
AfundrA deletion mutant when they subjected to antifungal sensitivity test. Moreover, there were no big differences in the growth rates
between the wild type and AfundrA deletion mutant. Taken together, in A. fumigatus AfundrA gene plays a pivotal role in controlling
conidiation.

124. Genetic dissection of cell-cell fusion and nuclear fusion during bisexual and unisexual reproduction of Cryptococcus
neoformans. Ci Fu, Soo Chan Lee, Joseph Heitman. Molecular Genetics and Microbiology, Duke University, Durham, NC.

The opportunistic human fungal pathogen Cryptococcus neoformans has two modes of sexual reproduction: canonical bisexual
reproduction between partners of opposite mating-types, a and alpha, and unisexual reproduction between partners of only one mating-
type. Unisexual reproduction can function similar to bisexual reproduction by admixing parental genetic material to generate genetic
diversity among offspring, which may contribute to explain the evolutionary significance of the unisexual reproduction mode in global
Cryptococcus populations that are predominantly alpha mating-type. During the bisexual reproduction cycle, mating partners undergo cell-
cell fusion, produce a hyphal dikaryon, and then undergo nuclear fusion in the basidium to form a diploid precursor to meiosis. However,
the mechanisms of the haploid-diploid ploidy shift during the unisexual reproduction cycle are less well understood and may involve
endoreplication or nuclear fusion. Previous studies have shown that cell-cell fusion can occur between mating partners of the same mating-
type at low frequency, and that deletion of the nuclear fusion gene KAR7 impairs unisexual reproduction. In this study, we identified the C.
neoformans orthologs of the PRM1 and KAR5 genes that govern cell-cell fusion and nuclear fusion respectively during mating of the model
budding yeast Saccharomyces cerevisiae. To understand how cell-cell fusion and nuclear fusion contribute to the ploidy duplication event
during the bisexual and unisexual reproduction cycles, we are characterizing the prm1 and kar5 deletion mutants of C. neoformans and
identifying their functions during both unisexual and bisexual reproduction. Our preliminary findings, taken with previous studies, provide
evidence that cell-cell fusion and nuclear fusion are both essential for bisexual reproduction and both also contribute significantly to
unisexual reproduction.

108



POSTER SESSION ABSTRACTS

125. Impact of protein palmitoylation on the virulence potential of Cryptococcus neoformans. Connie Nichols, Kyla Selvig, Andrew
Alspaugh. Duke University Medical Center, Durham, NC, USA.

In the opportunistic human fungal pathogen Cryptococcus neoformans a Ras1 signaling cascade mediates cell morphology and
cytokinesis in response to mild stress, such as growth as 37°C. Localization of Ras1 to the plasma membrane is required for this signaling
pathway. Previously we found that the palmitoylation of Ras1 specifies localization to the plasma membrane. Palmitoylation is the post-
translational addition of a palmitoyl group to cysteine and is catalyzed by a conserved family of protein S-acyltransferase (PAT) enzymes.
To identify the Ras1 PAT in C. neoformans we have identified and characterized seven putative PATs. Although there is some degree of
functional redundancy in this protein family, we have identified Cpt4 (Cryptococcus palmitoyl acyltransferase 4) as a Ras1-specific PAT.
Deletion of the CPT4 gene results in reduced Rasl protein palmitoylation, altered Ras1 localization, impaired growth at 37°C, and reduced
virulence.

126. Ssn3, a cyclin-dependent protein kinase, modulates unisexual reproduction in Cryptococcus neoformans. Yu-Lin Shi, Kuang-
Hung Liu, Wei-Chiang Shen. Department of Plant Pathology and Microbiology, National Taiwan University , Taipei, Taiwan.

Cryptococcus neoformans is an environmental and pathogenic basidiomycete containing two different mating types, MATa and MATa.
Under nitrogen starvation conditions, two different sexual reproduction events, bisexual reproduction and unisexual reproduction, are
observed in C. neoformans. In the processes of bisexual reproduction, MATa and MATa cells undergo cell fusion and generate dikaryotic
filaments. Subsequently, basidia and basidiospores are formed at the tips of dikaryotic filaments to complete the sexual cycle. Interestingly,
similar sexual differentiation, so called unisexual reproduction, can occur in only the MATa cells without MATa cells involved. This unique
event has been implicated to contribute to the generation of recombinant progeny responsible for the recent outbreak of disease. C.
neoformans Ssn8, a putative cyclin-like component of the RNA polymerase Il holoenzyme, was identified in a genetic screen and shown to
play negative roles in diverse physiological processes including unisexual reproduction. To further dissect the molecular networks of same-
sex mating in C. neoformans, we here characterized a putative interacting component of Ssn8, the cyclin-dependent protein kinase Ssn3.
Mutation of the SSN3 gene reproduced the sexual reproduction and other phenotypes of ssn8 mutants, and hyperfilamentation during
unisexual reproduction was observed in the MATo and MATa ssn3 mutant strains. Yeast two-hybrid assay confirmed that Ssn8 physically
interacted with Ssn3. These results suggest unisexual reproduction is regulated by Ssn8/Ssn3 complex in C. neoformans. Although
filamentation the phenotypes of ssn3 and ssn8 mutants were similar, delayed and reduced sporulation in bilateral ssn3 mutant cross were
observed. To investigate how SSN8/SSN3 regulates same-sex mating process, we conducted genes expression studies in ssn3/ssn8 or other
mutants background. Possible the regulatory networks of same-sex mating will be discussed in C. neoformans.

127. Unisexual reproduction drives meiotic recombination and phenotypic and karyotypic plasticity in Cryptococcus neoformans.
Sheng Sun*, R. Blake Billmyre!, Piotr A. Mieczkowski?, Paul Magwene®, Joseph Heitman. 1) Molecular Genetics & Microbiology, Duke
University Medical Center, USA; 2) Department of Biology, University of North Carolina, Chapel Hill, USA; 3) Department of Biology,
Duke University, USA.

In fungi, unisexual reproduction, where sexual development is initiated without the presence of two compatible mating type alleles, has
been observed in several species that can also undergo traditional bisexual reproduction, including the important human fungal pathogens
Cryptococcus neoformans and Candida albicans. While unisexual reproduction has been well characterized qualitatively, detailed
quantification is still lacking. Here, we analyzed meiotic recombination during a-o unisexual and a-a bisexual reproduction of C.
neoformans. We found that meiotic recombination operates in a similar fashion during both modes of sexual reproduction. Specifically, we
observed that in a-a unisexual reproduction, the numbers of crossovers along the chromosomes during meiosis, recombination frequencies
at specific chromosomal regions, as well as meiotic recombination hot and cold spots, are all similar to those observed during a-a bisexual
reproduction. Additionally, we found diploid meiotic progeny were produced at similar frequencies in the two modes of sexual
reproduction, and transient chromosomal loss and duplication likely occurs frequently and results in aneuploidy and loss of heterozygosity
that can span entire chromosomes. Our results thus provide definitive evidence that a-o unisexual reproduction is a meiotic process similar
to a-a bisexual reproduction. The similarity in meiosis is also reflected by the fact that phenotypic segregation for several virulence related
traits, including high temperature sensitivity/tolerance, melanin production, as well as resistance to a variety of antifungal drugs, is also
similar between the two modes of sexual reproduction. Our ongoing efforts involving whole genome sequencing of a large collection of
haploid meiotic progeny, together with phenotyping and QTL analysis of virulence related traits, will help us elucidate the underlying
genetic architectures of these key virulence attributes.

128. Identification of NoxD/Pro41 as the homologue of the p22 NADPH oxidase subunit in fungi. Isabelle Lacaze®, Hervé Lalucque®,
Ulrike Siegmund?, Philippe Silar', Sylvain Brun®. 1) LIED-UMR 8236, Univ Paris-Diderot, Paris, France; 2) Institut fiir Biologie und
Biotechnologie der Pflanzen, Westfalische Wilhelms Universitat, Schlossplatz 8, D-48143 Miinster, Germany.

NADPH oxidases (Nox) are membrane complexes that produce O, by transferring electrons from cytosolic NADPH to oxygen. In
Eukaryotes, Nox are involved in major processes like cell proliferation, differentiation and defense. In mammals, O, production by
Nox2 relies on the activation of the membrane flavocytochrome bssg composed of the catalytic subunit Nox2/gp91 and of p22 by a
cytosolic complex composed of p67, p47, p40 and the small GTPase Rac. In fungi, although the composition of the activating complex
(p67/NoxR, Rac, Cdc24 and Bem1) is well conserved, the apparent lack of a homologue of p22 in genomes questioned how the
flavocytochrome forms at membranes. Three Nox isoforms are present in the ascomycetes model Podospora anserina: PaNox1, PaNox2
and PaNox3. PaNox1 is involved in fruiting body formation, anastomosis, defense, approssorium-like development and Crippled Growth.
Remarkably, all these processes are impaired in the IDC509 mutant strain as in IDC343, the PaNox1 mutant strain. We have identified
Pa_1 7250 as the gene mutated in the IDC509 strain. By careful phylogenetic and functional analyses, we show that Pa_1_7250, which is
homologous to SmPro41 of Sordaria macrospora, is the orthologue of mammalian p22. We therefore named it NoxD for Nox Docking
protein. While the physical interaction between NoxD and Nox1 was demonstrated in the plant pathogen Botrytis cinerea by Ulrike
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Siegmund and collaborators in Paul Tudzynski’s lab, our cytological analyses of functional tagged versions of PaNox1, PaNoxD and
PaNoxR show that they co-localize in the endoplasmic reticulum and/or in the vacuolar system suggesting the assembly of an active Nox
complex.

129. A “developmental hourglass’ in mushroom-forming fungi. X. Cheng, J.H.L. Hui, Y.Y. Lee, M.C. Wong, H.S. Kwan. School of
Life Sciences, The Chinese University of Hong Kong, New Territory, Hong Kong.

The “‘developmental hourglass’ concept suggests that vertebrates are most similar to one another during mid-embryogenesis, and this
highly conserved stage is illustrated by the ‘waist’ of the hourglass representing a low probability of evolutionary change. Recent molecular
surveys on both animals and plants have shown that the genes expressed at the waist stage are more ancient and more conserved in their
expression. The existence of such a developmental hourglass has not been explored in fungus, a eukaryotic kingdom that evolved with
multicellularity. In this study, we analyzed two series of whole-genome expression data on mushroom development — a microarray assay
on Coprinopsis cinerea and an RNA-seq profiling on Lentinula edodes. We found that both mushrooms display a molecular hourglass
pattern over their developmental lifecycles. The ‘young fruiting body’ (YFB) is the stage that expresses the evolutionarily oldest (lowest
transcriptome age index, TAI) transcriptome. To put the developmental pattern into functional context of mushroom development, we
categorized expressed genes into Eukaryotic Orthologous Groups (KOG). We found that the expression of genes in ‘information storage
and processing’ reached a maximum at YFB and decreased later at the MFB, while genes in ‘metabolism’ was the lowest at YFB. The
synchronic existence of a molecular ‘hourglass’ across species reveals a common strategy used by eukaryotes to incorporate evolutionary
innovations.

130. RNA editing regulates the reproductive cycle in the apomictic fungus Arnium arizonense (Podospora arizonensis). E. Coppin?, J.
Ait Benkhali®, D. Zickler!, C. Drevet?, A. E. Bell?, D. P. Mahoney®, R. Debuchy*. 1) Univ Paris-Sud, Inst de Genetique/Microbiology,
Orsay, France; 2) Univ Paris-Sud, eBio bioinformatics plateform, Orsay, France; 3) Private Mycological Research, 45 Gurney Road, Lower
Hutt, New Zealand.

The ascomycete Arnium arizonense is apomictic, i.e. dikaryotic croziers are formed inside the fruit-bodies but neither karyogamy nor
meiosis take place in the asci. Instead of meiosis, the two nuclei undergo two mitoses and the resulting eight nuclei are enclosed in
uninucleate ascospores. We investigated the mating-type structure and function in this species that produces offsprings genetically identical
to the parent. A. arizonense is closely related to the heterothallic Podospora anserina but its mating-type locus displayed a typical
homothallic structure consisting of linked counterparts of the P. anserina mating-type genes. Deletion of the mating-type locus resulted in
the absence of perithecia, thus confirming the critical role of the mating-type genes in the apomictic reproductive cycle. The AaSMR2
(MAT1-1-3) gene harbours a +1 frameshift insertion in the region of the HMG-box, suggesting that AaSMR2 may be a pseudogene. The
degenerescence of MAT1-1-3 gene is fairly common in homothallics. However, deletion of the AaSMR2 gene resulted also in the absence
of perithecia, indicating that AaSMR2 is not a pseudogene. Analysis of the AaSMR2 transcripts revealed that they consist of two categories,
one corresponding to the gene sequence while the other category is missing the +1 frameshift mutation in the region of the HMG-box. The
absence of any AaSMR2 gene corresponding to the latter sequence in the genome of A. arizonense indicates that these messengers result
from the editing of the AaSMR2 transcripts. Transformation of the 44aSMR?2 strain with a gene missing the +1 frameshift insertion restored
the formation of perithecia, confirming the critical role of this gene and of editing for the reproductive cycle of A. arizonense. Editing was
not detected in vegetative phase, indicating that this event was developmentally regulated. A model for the role of editing in the conversion
of the homothallic A. arizonense in a functional heterothallic will be presented.

131. Characterization of some developmental regulators in the mushroom Coprinopsis cinerea. W. Khonsuntia, B. Dérnte, U. Kues.
Dept Molec Wood Biotech, Univ Goettingen, Goettingen, Germany.

Three putative genes involved in developmental processes in Coprinopsis cinerea, crgl and two flul-Il copies, are being investigated.
The homologous genes in the ascomycete Aspergillus nidulans fIbA and fluG work mutually to activate the process of conidiation by
initiation of brlA expression. Inactivation of these two genes in A. nidulans results in fluffy colony growth [1]. FIuG contains an N-terminal
amidohydrolase domain and a C-terminal glutamine synthase | (GSI)-like domain and activates conidiation as a specific developmental
pathway. For function as a regulator, the GSI-like domain is essential but it does not confer glutamine synthase activity [2]. The two fluG-
homologs in C. cinerea contain the C-terminal GSI-like domain but not an amidohydrolase domain. Crgl as FIbA homolog possesses two
DEP (Dishevelled, Egl-10, and Pleckstrin) domains which function in subcellular targeting and as a C-terminal RGS (regulator of G protein
signaling) domain. crgl homologs in other fungi take part in regulation of processes such as vegetative growth, asexual sporulation,
mating, mycotoxin and pigment production and pathogenicity [3]. Genes crgl and crg2 in the basidiomycetous yeast Cryptococcus
neoformans and the homologous gene thnl in the filamentous Schizophyllum commune are functionally coupled to G-protein signaling in
the pheromone- and the cAMP-response pathways [4,5]. In C. cinerea, we are investigating the functions of crgl and fluG in vegetative
growth of mono- and dikaryons, in asexual sporulation (oidiation), in mating and in fruiting body formation. To examine the functions of
crgl and flul-11 genes, we approach overexpression of the proteins as well as knocking out the genes in suitable strains with a ku70
mutation [6], with and without activated mating type pathways.

[1] Adams et al. (1998) MMBR 62:35-54; [2] D’Souza et al. (2001) Genetics 158:1027-1036; [3] Xue et al. (2008) FEMS Rev 32:1010-
1032; [4] Whittington and Wang (2011) Med Mycol 49:263-275; [5] Fowler and Mitton (2000) Genetics 156:1585-1594; [6] Nakazawa et
al. (2011) Fungal Genet Biol 48:939-946.
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132. Structural basis for Mep2 ammonium transporter channel opening by phosphorylation. Julian Rutherford, Anupama Chembath,
Bert Van-Den-Berg. Institute for Cell and Molecular Biosciences, Newcastle University, UK.

Fungi use ammonium as a nitrogen source to synthesis essential metabolites. Fungal ammonium import is mediated by transporters
belonging to the conserved AmtB/Mep2 family of proteins that are found in bacteria, fungi and plants. Fungi typically contain two or more
Mep proteins and, of these, orthologues of Mep2 from Saccharomyces cerevisiae are of special interest as they act as ammonium sensors
that regulate morphological change. Although solved structures of bacterial AmtB transporters have been characterized no structural
information is available for the fungal Mep2 proteins. Here we present the X-ray crystal structures of the Mep2 transporters from S.
cerevisiae and Candida albicans using data to 3.2 A and 1.5 A respectively. The structures of ScMep2 and CaMep2 are similar and share
common features with bacterial AmtB proteins. There are, however, considerable differences between the fungal and bacterial
proteins. Notably, the fungal channel is closed on the intracellular side due to movement of the C-terminal region (CTR) and intracellular
loops IL1 and IL3 relative to the bacterial proteins. Mutation of the larger fungal CTR to mimic phosphorylation by the TOR effector
kinase Npr1 results in a large conformational change due to the formation of a 12 residue long a-helix in the CTR enhancer domain. This is
the first conformational change observed in an ammonium transporter as the result of a defined mutation. We propose that under nitrogen—
sufficient conditions Mep2 is in a non-phosphorylated state and closed. In response to limiting nitrogen, Nprl dependent phosphorylation
of the Mep2 CTR causes a conformational change in the CTR that brings it into contact with 1L1 and IL3 to facilitate pore opening.

133. Agrocybe aegerita — a potential model organism for the genetics of basidiocarp development. R. Herzog'*, D. K. Gupta?*, R.
Sharma'?*, M. RihI**, M. Thines?*, F. Hennicke!“. 1) Goethe-University Frankfurt, Institute of Ecology, Evolution and Diversity,
Frankfurt am Main, Germany; 2) Biodiversity and Climate Research Centre (BiK-F), Frankfurt am Main, Germany; 3) Justus-Liebig-
University Giessen, Institute of Food Chemistry and Food Biotechnology, Giessen, Germany; 4) LOEWE Excellence Cluster for
Integrative Fungal Research (IPF), Frankfurt am Main, Germany.

The research on model organisms is important for the optimization of strains and breeding strategies to increase fruiting body yield and
quality in edible mushroom production. Still, scientific findings with single models are of limited representativeness, especially for
commercially interesting mushrooms, and with some of the few current models molecular studies are difficult. Here, we propose the
industrially cultivated basidiomycete Agrocybe aegerita as a promising candidate for a new model agaricomycete largely combining
advantageous features from established models. A suitable dikaryotic strain was selected by the criteria of being easy to cultivate,
exhibiting a short life cycle including fruiting and asexual sporulation under axenic conditions, being sensitive to dominant selection
markers plus being generally accessible for transformation, having an acceptable genome size for whole genome sequencing and a good
yield of aromatic fruiting bodies when grown on different substrates. The selected strain, A. aegerita AAE-3, complies with these criteria.
AAE-3 exhibits a short life cycle of 21 days on agar media. At the same time, AAE-3 is sensitive to widely-used dominant selection
markers. Forty monokaryotic strains were generated from AAE-3. Among them, all published monokaryotic fruiting types of A. aegerita
could be observed. One mating compatible pair of monokarya was selected for their abundant oidia formation potentially useful for
transformation. The whole genome of AAE-3 has been sequenced and is in the process of being annotated. These findings together with the
general accessibility of A. aegerita to transformation, and its excellent basidiocarp aroma profile make this fungus a promising candidate
for becoming a new model agaricomycete.

134. CO, repression of fruiting body formation in Schizophyllum commune is mediated via cCAMP. Jordi Pelkmans, Sanne Westhoff,
Han Wosten, Luis Lugones. Microbiology, Utrecht University, Padualaan 8, 3584CH Utrecht, The Netherlands.

The most important environmental cues impacting fructification in Schizophyllum commune are light and CO,. Blue light is needed to
initiate fructification, while high levels of CO, repress this process. The most ubiquitous mechanism of CO, sensing in prokaryotes and
eukaryotes is based on cellular levels of cAMP. Regulation occurs through synthesis and degradation by adenylate cyclase (AC) and
phosphodiestherase (PDE2), respectively. Most ACs localize to membranes and are activated by G proteins. However, there are
also soluble ACs that are activated by bicarbonate or calcium ions. It has been proposed that fungal ACs are a hybrid between these two
types and in most fungi there is only one gene for this protein. We here studied the mechanism for CO, sensing in S.
commune. Addition of CAMP to the medium inhibited fructification but did not impact growth. Inhibition of fruiting body formation could
be counteracted by overexpressing pde2. The pde2 overexpressor also fructified under repressing CO, levels where the wild type strain
could not, reinforcing the existence of a link between CO, and cAMP levels. Addition of IBMX, an inhibitor of PDE2, to the medium
abolished the effect of pde2 overexpression. Taken together, these results show that CO, levels are sensed via CAMP.

135. Subcellular reorganization during trichothecene mycotoxin induction in Fusarium graminearum. Marike Boenisch, Karen Broz,
H.Corby Kistler. USDA ARS Cereal Disease Laboratory and University of Minnesota, 1551 Lindig Street, St. Paul, MN 55108, USA.

The ascomycete fungus Fusarium graminearum causes disease on wheat and barley and contaminates grain with trichothecene
mycotoxins making it unfit for human consumption. Little is known about cellular and subcellular changes that occur during toxigenesis
that may facilitate trichothecene synthesis and export. Recently, we demonstrated that three enzymes catalyzing early and late steps in
trichothecene biosynthesis, hydroxymethylglutaryl CoA reductase (Hmr1p), trichodiene oxygenase (Tri4p), and calonectrin oxygenase
(Trilp), localize to spherical subcellular structures called “toxisomes” when grown in toxin inducing medium. The current study revealed
that toxisomes also can be observed in planta during infection of wheat husks. Inoculation of paleas and glumes with conidia of a
Tridp::RFP strain reveal toxisomes in infection cushions and runner hyphae. In vitro, toxisomes co-localize with the endoplasmic reticulum
(ER) as determined by using the fluorescent dye ER-Tracker Blue-White DPX. ER organization shifts from being highly reticulate under
toxin non-inducing conditions to being tubular and with pronounced perinuclear ER upon toxin induction. Both ER-Tracker and
Hmrlp::GFP fluorescence show similar reorganization during toxin induction. The spherical toxisomes surround nuclei as determined
using a Tri4p::RFP/ histone H4p::GFP tagged strain. Thus, toxisomes appear to be perinuclear ER remodeled under toxin inducing
conditions. For all three tagged enzymes examined, fluorescent patches co-localizing with ER-Tracker but not associated to nuclei are also
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visible under toxin induction. As a consequence, trichothecenes may be produced at both perinuclear and peripheral ER. In contrast to the
biosynthetic enzymes, the export of trichothecenes is linked to endosomes. The trichothecene transporter Tril2p tagged with GFP localizes
to motile vesicles, vacuoles and the plasma membrane based on co-localization with the fluorescent dyes CMAC and FM4-64. The
biosynthesis and transport of trichothecenes in cellular compartments may play a role in sequestration of trichothecene molecules within
the cell and self-protection from the toxin.

136. Exploring the role of intracellular pH dynamics in signalling and virulence of Fusarium oxysporum using the ratiometric pH
sensor pHIuorin. Tania Ribeiro Fernandes, Antonio Serrano, David Turra, David Segorbe, Antonio Di Pietro. Department of Genetics,
University of Cordoba, Cordoba, Spain.

Ambient pH regulates fundamental processes in fungi such as cell growth, development, metabolism and virulence. We previously
showed that extracellular pH governs infectious growth in the plant pathogen Fusarium oxysporum by reprogramming phosphorylation
levels of distinct mitogen-activated protein kinases (MAPKS). The molecular events underlying this response are currently unknown. Here
we investigated the hypothesis that intracellular pH (pH;) acts as a second messenger to transmit environmental cues to the cell signalling
machinery. To this aim, a reporter system was established that allows monitoring of pH; dynamics in living cells by means of the
ratiometric GFP-based pH sensor pHIuorin. We found that F. oxysporum responds to extracellular alkalinization and acidification with a
transitory shift in pH;. Interestingly, addition of nutritional signals such as glucose or ammonium also induced rapid fluctuations in pH;. To
genetically manipulate pH; homeostasis in F. oxysporum, we generated mutants in the pH response elements PalH and PacC, the plasma
membrane P-type H*-ATPase Pmal, its upstream activating protein kinase Ptk2, and the vacuolar proton-translocating ATPase. Labelling
of these mutants with pHIluorin is being carried out to dissect the role of pH; in fungal signal transduction and virulence..

137. Four color imagining by fluorescent protein tagging system in Neurospora crassa. Ayumi Yokoyama, Miki Uesaka, Shinji Honda.
Life Science Unit, University of Fukui, Eiheiji, Fukui, Japan.

Fluorescent proteins are powerful tools to monitor the dynamic localization of proteins of interest. Since the initial report of utility of
green fluorescent protein (GFP) in 1994, many new and improved fluorescent proteins have been generated. Previously, we reported the
utility of a series of knock-in vectors containing epitope tags including GFP in Neurospora (Honda & Selker, Genetics, 2009). Here we
show the construction of blue, red, and near-infrared fluorescent protein tagging system in addition to improved GFPs. Neurospora has a
genome defense system, RIP, which detects and mutates duplicate sequences over 80% similarity. To prevent RIP by simultaneous usage
of GFP and its derivatives, several of them are codon-optimized in Neurospora. Using the constructed system, we successfully visualized
nuclear envelop, telomeres, heterochromatin and centromeres by blue, green, red and near-infrared fluorescent proteins, respectively.

138. Dynamics of the actin cytoskeleton in Phytophthora infestans hyphae and infection structures. Harold J.G. Meijer*, Kiki Kots™?,
Chenlei Hua®, Tijs Ketelaar?, Francine Govers®. 1) Lab. of Phytopathology, Wageningen University, Wageningen, Netherlands; 2) Lab. of
Cell Biology, Wageningen University, Wageningen, Netherlands.

The actin cytoskeleton is a dynamic but well organized intracellular framework that is indispensable for the viability of eukaryotic cells.
Its functions range from intracellular transport, formation of contractile rings, nuclear segregation, endocytosis and facilitating apical cell
expansions. We studied the actin cytoskeleton dynamics in the filamentous ocomycete plant pathogen Phytophthora infestans in transgenic
lines expressing the actin binding peptide Lifeact-eGFP by fluorescence microscopy. This showed that in hyphae actin filament cables and
plaques are cortically localized. The distance between the hyphal tip and the first actin filament plaque correlated strongly with growth
velocity. Upon growth termination, actin filament plaques appeared in the hyphal tip. The plaques were nearly immobile with average
lifetimes exceeding one hour; much longer (over 500-fold) than the lifetimes of actin patches in fungi. Plaque assembly required ~30
seconds while disassembly took only ~10 seconds. In contrast to actin patches in yeast, plague disassembly was not accompanied with
formation and internalization of endocytic vesicles (Meijer et al. 2014, Cell. Microbiol.). We also investigated the in vivo actin dynamics
during early stages of pathogenesis. At the site of contact with the plant cell a condensed transient actin structure was observed that
resembles aster-like actin structures formed upon encountering hard surfaces. Our results suggest that the actin cytoskeleton has distinct
functions during the P. infestans lifecycle. Future efforts will focus at identifying interactors and key regulators of the actin cytoskeleton
and pinpoint features in the actin network that are unique for oomycetes.

139. The photoreceptor WcoB accumulates in the cytoplasm and interacts with carotenogenic proteins in Phycomyces
blakesleeanus. Alejandro Miralles-Duran, M. Antonia Sanchez-Romero, Luis M. Corrochano. Department of Genetics, Univ of Seville,
Seville, Spain.

Phycomyces blakesleeanus is sensitive to environmental signals such as light, wind, gravity and pressure. Light modifies the direction of
growth of the fruiting body, sporangiophore, (phototropism), stimulates the production of beta-carotene in the mycelium and regulates the
development of the sporangiophores. Blue light is sensed through the Mad complex, a transcription factor complex composed of MadA and
MadB. MadA and MadB are homologs of WC-1 and WC-2 from Neurospora crassa. The Phycomyces genome has three genes homologs
to we-1: madA, wcoA and wcoB; and four genes homologs to we-2: madB, wetB, wetC and wetD. WcoB contains a LOV domain for
chromophore binding, but lacks the Zn finger domain. We have characterized the localization of WcoB in the mycelium of Phycomyces
using an antibody raised against a peptide of WcoB. The gene wcoB is induced by light in vegetative mycelia, but WcoB was present in
mycelia kept in the dark or exposed to light. The induction by light of transcription did not result in a major change in the amount of WcoB.
In order to identify the cellular localization of WcoB we performed cellular fractionations using cultures grown in the dark or exposed to 30
min of light. We detected WcoB in the cytoplasmic fraction of cellular extracts, while the nuclear fraction was devoid of WcoB.
Immunofluorescence assays with spores or germinating mycelia showed that WcoB was detected as localized patches in the cell
membrane. Our results suggest that WcoB does not act as a transcription factor and is located in the cell membrane. In order to identify
proteins that interact with WcoB we performed immunoprecipitation assays. Candidate proteins were excised from the electrophoresis gel
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and sequenced. Several proteins were immunoprecipitated with WcoB: HMG-CoA, CarRA, CarB and CarS. These proteins participate in
the biosynthesis of beta-carotenes and the trisporic acid pheromones. Our results suggest that WcoB is a photoreceptor for the regulation of
the enzymes that that participate in the biosynthesis of beta-carotene and pheromones.

140. Investigating the role of chitin deacetylation in the rice blast fungus, Magnaporthe oryzae. lvey Geoghegan®, Sarah Gurr?. 1)
Department of Plant Sciences, University of Oxford, United Kingdom; 2) Biosciences, Geoffrey Pope Building, University of Exeter,
United Kingdom.

The fungal cell wall is a complex and dynamic structure. Alterations in cell wall composition can lead to significant changes in the
physical and chemical properties of the cell wall. Such changes are vital in allowing fungi to maintain cellular integrity in the face of
challenging environmental conditions, as well as during cellular morphogenesis. Chitin, a polymer of N-acetylglucosamine, is known to be
deacetylated in some fungi at specific stages in the lifecycle. In this study, the role of chitin deacetylation in the rice blast fungus
Magnaporthe oryzae was investigated.

Single, double and triple knockouts of chitin deacetylases were generated, and vegetative growth, conidiation and pathogenicity assayed,
comparing wild type and mutant strains. These analyses revealed that chitin deacetylation occurs at many stages in the life-cycle of
M.oryzae, suggesting that these proteins play broad roles in fungal growth and development.

Various fluorescent protein fusions revealed the cellular localization of the chitin deacetylases and provided further evidence for the
multifaceted roles of these enzymes. Co-localization of chitin synthases and chitin deacetylases suggest that these proteins may act in
concert.

141. Investigating the role of BAR domain proteins during plant infection by Magnaporthe oryzae. Magdalena Martin-Urdiroz, Martin
J Egan, Miriam Oses-Ruiz, Darren Soanes, Nicholas J Talbot. School of Biosciences, University of Exeter, Geoffrey Pope Building,
Stocker Road, Exeter, England, EX4 4QD, United Kingdom.

The blast fungus Magnaporthe oryzae causes a serious disease on a wide variety of grasses including rice. The infection process is
initiated when a spore lands on the surface of a leaf and attaches tightly to the cuticle. Then, the spore forms a polarized germ tube, which
extends before swelling at its tip, changing direction and becoming flattened against the surface. This process constitutes a recognition
phase, which precedes development of a specialized infection cell, the appressorium. This dome-shaped cell generates enormous turgor
pressure, which is translated into physical force at its base to rupture the rice leaf cuticle using a narrow, rigid, penetration peg that invades
plant tissue. In order to elaborate a penetration peg M. oryzae must regulate membrane curvature at the appressorium pore ahead of rapid
cell wall biogenesis and apical growth. The generation of concave or convex curvature at membranes is thought to be induced by a variety
of protein-driven mechanisms, including the action of BAR domain family proteins. In M. oryzae, seventeen BAR domain proteins have
been identified. Atg24 (Snx4) and Snx41 are involved in mitophagy and pexophagy and endosomal sorting, respectively, but the specific
function of the other BAR domain proteins is unknown. We are currently characterising homologs of Rvs167, Rvs161, KAR3, Cdc24,
Snx4, Gvp36, Vpsl7, Vps5, Snx4l, Rgdl, Rgd2, Bzz1, Hofl, Pill, Lspl and SIP3. We have shown that Pill and Lsp1 constitute an
eisosome, which we have shown is involved in endocytosis and plays roles in conidial germination and germ tube development. We have
also found that Rvs167-GFP localizes to the centre of the appressorium pore prior to emergence of the penetration peg. RVS167, ATG24
and HOF1 are all differentially expressed during appressorium development, while expression of the genes Lspl, Pill, Rgdl and Rgd2 is
low. Here we report the localisation and functional analysis of BAR domain proteins in M. oryzae and, in particular, explore their role in
septin-mediated appressorium penetration and the formation of penetration hyphae during plant infection.

142. Identification and characterization of a gene encoding a dual-specificity tyrosine-regulated protein kinase in the rice blast
fungus Magnaporthe oryzae. Jong-Hwan Shin, Joon-Hee Han, Kyoung Su Kim. Kangwon National University, ChunCheon, Kangwon,
South Korea.

Magnaporthe oryzae is one of the most destructive fungal pathogens causing the rice blast disease. Conidiation is a key process for
polycyclic dissemination of M. oryzae. To understand the molecular events during conidiation of M. oryzae, we performed microarray
analysis. Among the genes that are found to be up-regulated during conidiation, we first selected MGG_06399 encoding a dual-specificity
tyrosine-regulated protein kinase (DYRK), homologous to YAK1 in yeast. By the homology dependent gene replacement, we made a
AMoyakl mutant. The A4Moyakl mutant showed a remarkable reduction in aerial hyphal formation, cell surface hydrophobicity, and
conidiation. The conidia produced by the AMoyak1 were abnormally shaped, smaller than wild type, and showed lower glycogen content
than wild type. The conidia were delayed in germination and failed to form appressoria on a hydrophobic coverslip, but formed appressoria
with an exogenous CAMP treatment. Moreover, the 4Moyak! mutant was completely defective in pathogenicity on rice. These data indicate
that M. oryzae Yak1 is associated with cAMP/PKA pathway and important for hydrophobicity, conidiation, condial morphology, conidial
adhesion, conidial germination, appressorial formation, and pathogenic development in Magnaporthe oryzae.

143. The MoSec4 Protein Is Essential for the Vegetative Development and Pathogenicity by Regulating the Secretion of
Extracellular Proteins in Magnaporthe oryzae®. Huakun Zheng'?, Simiao Chen!, Xiaofeng Chen?, Shuyan Liu®, Xie Dang', Guangpu Li°,
Zonghua Wang®, Barbara Valent*?, Jie Zhou*’. 1) Key Laboratory of Biopesticide and Chemistry Biology, Ministry of Education, Fujian
Agriculture and Forestry University, Fuzhou 350002, China; 2) Department of Plant Pathology, Kansas State University, Manhattan,
Kansas 66506, USA,; 3) Department of Biochemistry and Molecular Biology The University of Oklahoma Health Sciences Center,
Oklahoma City, OK 73104, USA.

The Rab/GTPases play important roles in the development and pathogenicity of fungus. Recently, the exocyst complex components were
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proved to participate in the secretion of cytoplasmic effectors in the rice blast fungus Magnaporthe oryzae. To explore the functions of the
exocyst complex components in the pathogenicity of the blast fungus, we knocked out the homolog of yeast Sec4p protein, namely
MoSec4, in M. oryzae. The 4sec4 mutant is defective in polarized growth and conidiation, and displays decreased appressorium turgor
pressure, inhibited secretion of extracellular enzyme and attenuated pathogenicity on rice. We are performing live cell imaging of mutant
strains secreting cytoplasmic effector fusion protein PWL2-mCherry-NLS and apoplastic effector fusion BAS4-GFP during biotrophic
invasion. Secretion of PWL2-mCherry-NLS into the Biotrophic Interfacial Complex appears partially disrupted in the Asec4 mutant,
whereas secretion of Bas4-GFP appears normal. Our results suggest that the MoSec4 protein plays an important role in the secretion of
extracellular proteins, including the cytoplasmic effectors and consequently the vegetative development and pathogenicity in M. oryzae.

*To whom correspondence may be addressed. E-mail: yxxc19204@126.com, or bvalent@ksu.edu.

# This work is supported by NSFC #31270179.

144. Early endosomes organize the fungal cell. Gero Steinberg. Sch Biosci, Univ Exeter, Exeter, United Kingdom.

Fungal early endosomes are a highly motile compartment. The individual organelles travel over long distances along microtubules and
extensive work in the basidomycete Ustilago maydis and the ascomycete Aspergillus nidulans has demonstrated that the molecular
machinery, underlying this process is conserved amongst the filamentous fungi (overview in Steinberg, Curr Opin Microbiol, 2014, 20:55).
However, the biological reason for early endosome motility is largely unknown. Recent papers have revealed unexpected roles in RNA and
polysome motility and a have shown a pivotal role in triggering effector production during plant infection. In this talk, | will review briefly
these data and present novel roles for moving endosomes in organizing the fungal cell. Taken together, it emerges that early endosomes are
of key importance for fungal growth and pathogenicity.

145. A HAD family phosphatase PSR-1 regulates Circadian Output pathway in Neurospora crassa. X. Zhou, B. Wang, C. Mallappa,
J. Loros, J. Dunlap. Department of Genetics and Biochemistry, Geisel School of Medicine at Dartmouth, Hanover, NH03755, USA.

Circadian clocks are ubiquitous in eukaryotic organisms where they are used to anticipate regularly occurring diurnal and seasonal
environmental changes. Neurospora crassa has been used as a principal model organism for studying the circadian system for more than
half a century. Nevertheless, little is known regarding pathways connecting the core clock to its output pathways. Here, we demonstrate a
HAD family phosphatase PSR-1 is involved in circadian clock output. The psr-1 deletion mutant has a circadian output defect on race
tubes under free running conditions; constant conidiation is observed instead of rhythmic banding. However, further analysis indicates that
the FRQ-WCC (FREQUENCY-WHITE COLLAR COMPLEX) oscillator functions normally in Apsr-1 strains although with a three-hour
phase delay. PSR-1 is important for maintaining WC-1 (WHITE COLLAR-1) protein and phosphorylation levels and for the interaction
between VVD (VIVID) and WC-1. Increased WC-1 protein amounts can partially rescue the phase delay phenotype seen in the Apsr-1
mutant. Protein purification of PSR-1 shows it is part of a PSR-1/WHI-2 complex and that Awhi-2 has phenotypes similar to those
observed for Apsr-1. Together, our findings suggest that the PSR-1/WHI-2 complex participates in Neurospora clock function by
regulating WC-1 levels.

146. The role of calcium signalling in the mode of action of PAF26. Akira JT Alexander, Nick D Read. MFIG, University of
Manchester, Manchester, United Kingdom.

Fungal spores are present in the air in high numbers, even in apparently clean environments. In healthy people these present no risk, as
the immune system is well adapted to responding. The ability to extend the lives of immunocompromised HIV sufferers and the use of
immunosuppressant drugs and broad-spectrum antimicrobials during medical treatments has opened a new niche for opportunistic fungal
species. Invasive fungal infections can have very high mortality rates.

Due to the similarity between fungal and mammalian systems, it has been problematic to design highly selective, targeted medications to
treat invasive fungal diseases. Current treatments are often harsh with relatively high toxicity levels. The discovery of small, artificially
created peptides with antifungal action has the potential to treat emerging fungal pathogens with minimal adverse side effects. A
hexapeptide termed Peptide Anti Fungal 26 (PAF26) has been shown to be highly effective at killing filamentous fungi whilst showing low
toxicity to bacteria and human cells.

Unlike membrane permeabilising antimicrobials, PAF26 is actively taken up by fungal cells at low fungicidal concentrations and causes
cell death through mechanisms not yet understood. There is a dose dependent increase in cytosolic free calcium after treatment, which
correlates with peptide internalisation into vacuoles, vacuolar expansion, active export into the cytoplasm and subsequent cell death.
Calcium signalling is ubiquitous among eukaryotes, and fungal cells are highly sensitive to disruption of their calcium homeostasis.
Deletion of various components of the calcium signalling machinery was found to increase resistance to PAF26 in the model fungus
Neurospora crassa. The passage of the peptide from the cell exterior up until cell death was blocked at various key stages in these mutants
providing evidence particularly for calcium signalling playing a role in the processes of internalisation and vacuolar fusion. The calcium
signalling machinery of fungi is sufficiently different from other eukaryotes as be potentially targeted in a fungal specific manner by novel
antifungal agents.
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147. Assessing the role of exocytosis and endocytosis in fungal morphogenesis. Salomon Bartnicki-Garcia, Fernando Lara-Rojas, Rosa
Mourino-Perez. Dept Microbiology, CICESE, Ensenada, Mexico.

The involvement of vesicles in the growth of fungal hyphae is well established but the complexity of the process leaves many
unanswered questions. Whereas exocytosis is directly responsible for the growth of the cell wall and plasma membrane, the exact role of
endocytosis has yet to be clearly defined. It is commonly assumed that exocytosis creates an excess of plasma membrane and thus the need
for removal by endocytosis. This excess seems to be caused by the greater number of vesicles required for cell wall extension and
extracellular enzyme secretion over the amount necessary for just plasma membrane extension. The highly localized processes of
exocytosis (hyphal apex) and endocytosis (subapical collar) can be seen in living cells by following actin dynamics with Lifeact tagged
hyphae. Estimates of membrane flow between exocytosis and endocytosis are difficult to calculate given the absence of reliable values for
some critical parameters. Nevertheless, we have developed an interacting spreadsheet to examine the interplay of parameters for which
actual data exist such as growth rate, cell shape and size, wall thickness and vesicle size. But in the absence of factual data for other critical
factors such as amount of wall generated by each exocytic discharge, relative contribution of macro- vs. microvesicles, proportion of pre-
formed cell wall vs. polymer synthesized in situ, and vesicle load destined for extracellular secretion vs wall formation, we
have embodied them into a single factor: “vesicle packing efficiency”. Accordingly, using the best estimates for critical parameters, an
excess of plasma membrane was always produced from exocytosis in a simulated hypha of Neurospora crassa. Experimental
measurements of endocytosis were attempted by photobleaching the subapical endocytic collar of hyphae of N. crassa tagged with
endocytic reporters fimbrin-GFP or coronin-GFP. The transient appearance of fluorescent patches, each indicative of an endocytic event,
was monitored by confocal microscopy. Based on an estimated range of 50 - 80 nm for the diameter of endocytic vesicles, we recorded
values indicating that 5to 19% of the exocytosed membrane was endocytosed.

148. A role for VE-1 in light sensing and conidal development in Neurospora crassa. M. M. Gil-Sanchez, E. M. Luque, L. M.
Corrochano. Dept Genetics, Univ Seville, Seville, Spain.

Neurospora crassa is a model for fungal photobiology. Light is perceived through the WC complex, a light-dependent transcription
factor complex that regulates transcription. In addition, the N. crassa genome contains genes for secondary photoreceptors: two
phytochromes genes (phy-1 and phy-2), one cryptochrome gene (cry-1), and one opsin gene (nop-1). In addition, the N. crassa genome
contains a homolog of the Aspergillus nidulans veA gene, ve-1. In A. nidulans mutations in veA results in constitutive conidiation that is
independent of light, and the VVeA protein forms a complex with blue and red photoreceptors. The N. crassa ve-1 mutant has defects in
aerial hyphal growth and increased conidiation. We have characterized the light-dependent accumulation of carotenoids in strains with
deletions in these genes and in the wild-type. The kinetics and sensitivity is not altered in the phy-1 mutant. However, a reduction in the
maximum accumulation of carotenoids was observed in strains with mutations in phy-2, nop-1 and cry-1. A ten-fold reduction in sensitivity
was observed in the strain with a mutation in ve-1, an indication for a role of VE-1 in light sensing in N. crassa. VE-1 is a protein with a
nuclear localization signal and a velvet factor domain that is highly conserved in fungi. We observed a minor increase in the accumulation
of ve-1 mRNA after light exposure in vegetative mycelia (30 min), which did not lead to a major change in VE-1 accumulation. The
mutation in ve-1 results in decreased light-dependent accumulation of mRNA for several genes, including the carotenogenesis genes (al-1,
al-2, al-3, cao-2), we-1, vvd, and frg. We have characterized the cellular localization of VE-1 under different light conditions and we have
observed that VE-1 is preferentialy located in the nucleus under all conditions, but VE-1 was also detected in the cytoplasm. We detected
VE-1 in vegetative mycelia in the dark but light promoted the accumulation of VE-1 in vegetative mycelia, aerial hyphae and conidia
through the activity of the WC complex. The light-dependent accumulation of VE-1 in aerial hyphae and conidia suggests a role for this
protein in conidial development.

149. Biological Significance of Photoreceptor Photocycle Length: role of VIVID photocycle in establishing a dynamic VIVID-White
Collar Complex pool. Arko Dasqupta®, Chen-Hui Chen®, ChangHwan Lee?, Amy Gladfelter?, Jay Dunlap®, Jennifer Loros™. 1)
Department of Genetics, Geisel School of Medicine at Dartmouth, Hanover, NH; 2) Biological Sciences, Dartmouth College, Hanover,
NH; 3) Department of Biochemistry, Geisel School of Medicine at Dartmouth, NH.

Most organisms on earth sense light through the use of chromophore bearing photoreceptive proteins with distinct and characteristic
photocycle lengths, yet the biological significance of photocycle length is neither understood nor been tested. In the filamentous fungus
Neurospora crassa VIVID (VVD) is a critical player in the process of photoadaptation.Detailed in vitro analysis of the photochemistry of
the blue light sensing, FAD binding, LOV domain of VVD has revealed residues around the site of photo-adduct formation that influence
the stability of the adduct state (light state), that is, altering the photocycle length. We have examined the biological significance of VVD
photocycle length to photoadaptation and report that a double substitution mutant (vwd174V&I85V), previously shown to have a very fast
light to dark state reversion in vitro, shows significantly reduced interaction with the White Collar Complex (WCC) resulting in a
substantial photoadaptation defect. This reduced interaction impacts WHITE COLLAR-1 (WC-1) protein stability when N. crassa is
exposed to constant light with the result that mutant VD is unable to form a dynamic VVVD-WCC pool of the size required for
photoadaptation as assayed both by attenuation of gene expression and the ability to respond to increasing light intensity. Additionally,
transcription of the clock gene frequency (frq) is sensitive to changing light intensity in a wild-type strain but not in the fast photo-reversion
mutant indicating that the establishment of this dynamic VVVD-WCC pool is essential in general light and circadian biology.These data
speak to the biological significance of photocycle length: VD photocycle length appears sculpted to establish a VVVD-WCC reservoir of
sufficient size to sustain photoadaptation while maintaining sensitivity to changing light intensity. Thus, diversity of photocycle kinetics
among photoreceptors may be viewed to have adaptive and functional significance in their native organisms.
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150. Characterizing the germling fusion pathway in Neurospora crassa. Monika Fischer, Wilfried Jonkers, N. Louise Glass. Plant &
Microbial Biology, UC Berkeley, Berkeley, CA.

Establishment of a robust colony is dependent on cell fusion between genetically identical germinating conidia (germlings) in
Neurospora crassa. Two germlings in close proximity to each other will engage in a molecular conversation that facilitates chemotropic
growth, membrane fusion, and cytoplasmic mixing. The conversation is initiated by an unknown factor that leads to activation of a
conserved MAP-kinase cascade. Once activated, the MAP-kinase, MAK-2 activates the transcription factor PP-1, which regulates
expression of several genes required for homing and fusion. Several genes have been identified as being necessary for germling
communication and/or fusion, but most of these genes have remained poorly characterized. We have screened deletion mutants of each of
these genes for the output of a communication-activated Luciferase reporter, phosphorylation/activation of MAK-2, and whether or not
these phenotypes can be rescued by a constitutively-active upstream MAPKKK (NRC-1). Our data indicates three general groups of genes
required for germling fusion; genes that function downstream of the MAK-2 MAPK cascade, genes that function upstream of the MAK-2
MAPK cascade, and genes that are involved in a potential positive feedback loop. Notably we’ve identified two more transcription factors
(ADV-1 and ADA-3) in addition to PP-1 that are required for germling fusion and expression of communication genes.

151. Proteome analysis of transiently oxidized proteins during the hyperoxidant state that trig%ers conidiation in Neurospora
crassa. Wilhelm Hansbergl, Teresa Nava-Ramirez?, Bastian Jéhnk?, Oliver Valerius?, Gehard Braus®. 1) Instituto de Fisiologia Celular,
Universidad Nacional Auténoma de Mexico, UNAM, Mexico City, Mexico; 2) Institute for Microbiology and Genetics, Georg August
University of Géttingen, Gottingen, Germany.

The Neurospora crassa asexual cell cycle is stated by filtering an exponentially growing liquid culture and exposing the resulting
mycelial mat to the air. The increase in oxygen tension causes oxidative stress in the air-exposed hyphae. Total protein is oxidized during
the first 0-10 minutes air exposure followed by protein degradation and resynthesis. Oxidative stress results in hyphal adhesion during the
first 40 minutes of air exposure. Using a method to identify proteins with reversible oxidized cysteine residues, we have isolated the
cysteine-derivatized proteins at different times of the conidiation process (0, 2, 5, 10, 30 and 60 min air exposure) and identified them by
mass spectrometry. A positive control, derivatized proteins from a culture treated 10 min with 20 mM H,0,, and a negative control,
without derivatizing agent, were included. About 500 proteins were identified that increased in relative amount at 2 - 10 min air exposure.
A functional analysis of these proteins will be presented. Results revealed a rapid, transient and extensive response to oxidative stress.
Proteins detected are consistent with: growth arrest, unfolded protein response, protein degradation at the ER, vacuole and the proteasome,
important mitochondrial and carbon metabolism regulation.

Funding: UNAM-DGAPA (IN-209313); DFG-CONACYT (75306).

152. Affinity purification of methyl-lysine proteins in Neurospora crassa. Masayuki Kamei, Zachary Lewis. Department of
Microbiology, University of Georgia, Athens, GA.

Lysine methylation is thought to be a common post-translational modification that regulates proteins involved in diverse cellular
processes. Although lysine methylation of histone proteins has been studied extensively, little is known about non-histone proteins that are
regulated by lysine methylation. In addition, there is limited information about the lysine methyltransferases (KMTSs) that target non-
histone proteins. Neurospora crassa has 12 KMT genes. 11 of these encode proteins with a conserved SET domain and 1 is a homolog of
DOT1, a conserved non-SET KMT protein. To identify non-histone substrates of KMTSs, we carried out a proteomics approach to purify
and identify methyl-lysine containing proteins in Neurospora cell extracts. Methyl-lysine containing proteins were purified from extracts of
wild-type cells and from disruptants of KMT-encoding genes. Our preliminary data suggest that lysine methylation is widespread and
impacts diverse cellular processes in fungi, including metabolism, signal transduction, transcription, and RNA degradation.

153. BEM46, eisosomes and auxin biosynthesis in Neurospora crassa. Kollath-Leify Kriztina, Bonniger Christine, Sardar Puspendu,
Frank Kempken. Dept. of Botany, Christian-Albrechts University, Kiel, Germany.

The BEMA46 protein is evolutionary conserved in eukaryotes (1). We previously described the BEM46 protein to be targeted to the ER
and being essential for ascospore germination in N. crassa (2). Upon reinvestigation of the RNAI transformants we found strong evidence
for accumulation of alternative spliced mRNAs. One alternative spliced mRNA was found to be 0.5 and the other 1.2 kb in size. Both
alternative spliced mRNAs were cloned and expressed in the wild type. Expression led to loss of ascospore germination, indicating that
this phenotype is caused by peptides encoded by the alternative spliced mMRNAs. Using the N. crassa ortholog of the eisosomal protein
PILA from A. nidulans we demonstrate partial co-localization of BEM46 with eisosomes (3).

Employing the yeast two-hybrid system, a single interaction partner, the anthranilate synthase component two (trp-1) was identified,

and confirmed in vivo by a split-YFP approach. A connection between BEMA46 and tryptophan dependent auxine biosynthesis in N. crassa
was observed. We describe the putative auxin biosynthetic pathway in the fungus using bioinformatical tools (3), and determined the
transcription of the involved enzymes in different bem46 wild type and mutant strains by gRT-PCR approaches. In addition to this the
indole production of the strains in different developmental stages was also investigated.

Currently auxin pathway double mutants auxin pathway are under investigation, as well as other components of the Neurospora eisosome.

Ref.: (1) Kumar A, Kollath-Leil3 K, Kempken F (2013) Biochem Biophys Res Comm 438:526-532 (2) Mercker M, Kollath-Leif K,
Allgaier S, Weiland N, Kempken F (2009) Curr Genet 55:151-161 (3) Kollath-Lei8 K, Bonniger C, Sardar P, Kempken F (2013) Euk Cell
13:1051-1063.
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154. The endocytic protein MYO-1 is needed for normal growth and hyphal morphogenesis in Neurospora crassa. Fernando Lara,
Salomén Bartnicki-Garcia, Rosa Mourifio-Pérez. Departamento de Microbiologia, CICESE, Ensenada, B. C., México.

Endocytosis is an important process in eukaryotic cells. Several proteins participate in a coordinated pathway which involves binding
membrane receptors, invagination, vesicle formation and scission. In Neurospora crassa, the endocytic machinery is located in a sub-apical
collar. The proximity of the endocytic sites to the hyphal apex suggests that endocytosis may have a complementary role in apical growth.
MYO-1, a class | myosin, is known to play a role in endocytosis. To investigate the possibility that this actin-binding protein is involved in
endocytic processes of Neurospora crassa, we used deletion mutants together with fluorescent-protein tagging. We found myosin-1-GFP
located in the subapical collar in the form of small patches, in partial colocalization with two other endocytic proteins, fimbrin and coronin.
Myosin-1 also participates in septum formation as part of the actomyosin contractile ring. The deletion mutant Amyo-1 exhibited a severe
reduction in growth rate, nearly 95% compared to the wild type strain, irregular branching, reduced aerial mycelium and no conidiation. A
reduced uptake of FM4-64 in Amyo-1 indicated a partial deficiency in endocytosis. By visualizing actin with the Lifeact-GFP reporter, we
found that the absence of myo-1 altered the actin cytoskeleton, leading to periods of polarized and isotropic growth of the hyphae. Our
findings indicate the importance of myosin-1 in the organization and dynamics of the actin cytoskeleton, the stability of the Spitzenkorper,
and the maintenance of normal hyphal morphogenesis.

155. Dissecting the genetics of cellulase hypersecretion in Neurospora crassa. Jason Liu*?, N. Louise Glass*?. 1) Plant and Microbial
Biology Department, Univ California, Berkeley, Berkeley, CA; 2) Energy Biosciences Institute, Univ California, Berkeley, Berkeley, CA.

One of the major expenses that govern the price of cellulosic fuels is the cost of the enzymes used to convert lignocellulose into soluble
sugars for fermentation. The current industrial cellulase producing host, Trichoderma reesei, is able to produce >100g/L of protein,
however, the dearth of genetic tools has hindered the identification of synergistic genetic interactions. Utilizing Neurospora crassa as a
cellulolytic, genetically amendable filamentous fungus, we can dissect the necessary genetic interactions by generating a cellulase hyper-
secreting strain through forward mutagenesis and identifying the required mutations. Using a fluorescently labeled cellulase, we are able to
visualize cellulolytic induction and sort using fluorescently activated cell sorting (FACS) to isolate mutant strains up regulated in cellulase
expression. Subsequently, we use high throughput plate based cellulolytic assays and candidate based approaches to identify strains
increased in cellulolytic activity. Through iterative mutagenesis, we have currently isolated two strains that are >8 fold increased in total
cellulolytic activity over WT strains. Through iterative backcrossing and bulk segregation analysis, we hope to dissect the genetic
interactions necessary for synergistic hyper-secretion of cellulases. With a better understanding of the mutations necessary to form a
cellulase hyper-secreting strain in a filamentous fungus, we can apply this knowledge broadly to industrial systems.

156. Role and subcellular localization of EGL-1 and EGL-2, two putative GPI anchored cell wall B (1-3) endoglucanasas, in
Neurospora crassa. Leonora Martinez, Meritxell Riquelme. CICESE, Ensenada, Mexico.

Hyphal growth presumably involves a balance between synthesis of new cell wall polymers and hydrolysis of pre-existing polymers.
EGL-1 (NCU06381) and EGL-2 (NCU09175) are two putative B-(1,3)-endoglucanases in Neurospora crassa, with predicted binding sites
for glycosylphosphatidylinositol (GPI anchor). Both GFP-tagged proteins were observed at the plasma membrane (PM), forming a collar in
the hyphal apical dome. After staining with FM4-64, GFP-tagged proteins were observed excluded from the Spitzenk&rper and from the
foremost PM apical region, where biosynthetic enzymes have been previously found. EGL-1-GFP and EGL-2-GFP were also observed at
the leading edge of a new developing septum, which advanced centripetally until reaching the edge of the septal pore. Both endoglucanases
were observed at unreleased interconidial septa. During conidial isotropic growth, the fluorescence, was found all around the conidial
surface. EGL-2-GFP fluorescence at interconidial septa was lost in a N. crassa csp-2A mutant, unable to release conidia from
conidiophores. Both tagged proteins were observed at sites of hyphal fusion and emerging branches, confirming a role for these enzymes at
sites of cell wall remodeling and at sites of new cell wall synthesis. Single mutant strains egl-/4 and egl-24 and double mutant egl-14::egl-
24 exhibited a slightly reduced growth rate. Single mutant egl-/4 presented more chains of unreleased conidia and fewer free conidia,
while egl-24 produced both few conidial chains and a significantly lower amount of free conidia, confirming a role for these genes in
conidial formation. The double mutant egl-/4::egl-24 produced more conidia than wt. When exposed to calcofluor white and congo red the
single mutant egl-24 and the double mutant egl-74::egi-24 displayed a higher growth rate than the parental strain. EGL-1 and EGL-2 may
have a role in the shortening of preformed glucans. These and previous studies suggest a division of labor during cell wall synthesis at the
hyphal dome: at the very tip, glucans are synthesized by enzymes that accumulate at the Spk whereas at the subtending zone below the
apex glucans are hydrolyzed, producing amenable ends for further crosslinking.

157. Biogenesis and traffic of CHS-4 in hyphae of Neurospora crassa. Adriana Rico Ramirez, Rosa Fajardo-Somera, Meritxell
Riquelme. Microbiology, CICESE, Ensenada, Mexico.

The growth of fungal hyphae occurs in the apical region, where addition of new material for expansion of the plasma membrane (PM)
and the cell wall, the latter consisting mainly of glucans and chitin, is required. Chitin synthesis is catalyzed by chitin synthases (CHS), a
family of PM integral proteins. In Saccharomyces cerevisiae Chs3p (class IV CHS) has the most important role in chitin synthesis, since it
synthesizes around 90% o