
Flovell, R. 6. Glyoxylate  cycle mutants in Neurospora. Acetate is metabolised  in microorganirms  via  the glyoxylate cycle.
The steps of the glyoxylate cycle which are not part of the citric

acid cycle ore  those involving the conversion of &citrate  to glyoxylate ond Iuccinate  and the synthesis of molate from glyoxyl-
ate and acetylCoA.  These two rtepr revire  the enzymes isocitrote Iyore and  malclte  rynthetose, respectively. The presence of
ilocitrate  lycrse  in Neurorpora grown on acetate has previously been reported by Turion ( I%2  NN*l:6).  Before acetate is me-
tabolized it is firstly converted to its metabolically active form, acetyl-CoA,  by the enzyme acetic  thiokinase. All enzymes of
the glyoxylate cycle ore  repressed when Neurorpam  is grown on sucrose.

Neurospora, grown up at  30°C an a shaker  in Vogel’s minimal  medium with I .5%  sucrose as sole carbon source,  harvested,
worhed  and  then shaken at  3O’C in Vogel’s minimal medium with 50 mM acetate as  sole carbon source,  showed maximwn  rpeci-
fit activities of &citrate  lyose,  malate rynthetase,  and acetic thiokinose approximately 7 hours after transfer to acetate medium.
Locitrate  lyase  and malate rynthetare showed (I ZO-fold induction and acetic thiokinase a IO-fold induction.

Mutants have been isolated (using N-methyl-N’-nitro-N-nihoroguanidine os a mutagen followed by filtration enrichment)
which canmt  grow on acetote but which can  grow on sucrose. These mutants fall into 6 distinct complement&ion groups where
all mutants of each group complement all members of other groups. No within-group complementation has  been observed.

The mutants were grown up on sucrose medium, transferred to acetate medium for 7 hours as  outlined above  and assayed for
the presence of the glyoxylate  cycle enzymes.

Members of one complementotion group appear to lack completely &citrate  lyare activity or have only low levels  of it
and are  being considered as  mutants of the structural gene for this enzyme. Two other groups can be tentatively  regarded as
consisting of structural gene mutants for malate rynthetore and acetic thiokinase, respectively.

Mutants in a fourth complementation group possess all the glyoxylate cycle enzymes, inducible by acetate as in the wild
type. The metabolic deficiency which results in these rwtants being unable to grow on acetate seems obscure at present.

In the mutants in a fifth complementotion group the enzymes of the glyoxylate cycle ore twt  induced by transfer to acet-
ate; all mutants possess the low levels of enzyme activities  typical of the repressed state on  sucrose. These mutations ore re-
cessive in heterocaryonr. Investigations to see  if there is an acetate  pennewe  deficiency here are  being carried wt.

The sixth complementation group contains nwtants  in which i-citrate  lyare is not induced by acetate but malate synthe-
tase  and acetic  thiokinase are. After transfer to acetate, &citrate  lyore specific activities remain at the low sucrose-grown
levels. Prerumobly  these mutants lack a gene-determined, cytoplasmic product necessary for the induction of isocitrate
Iyore.  The mutant gene is recessive to its wild type allele in heterocaryonr.

The presumed structural gene for isocitrate lyore has  been mapped  between pab-2  and asp  on linkage group ‘JR.
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Hsu,  K. 5. Acriflovin  resistance controlled by This note brings up to dote results obtained with acriflavin-
chromolomal  genes in Neurorporo. resistant mutants in N. crassa.  Preliminary results have been

reported in NN#l:S~P~d  Genetici  47:961  (1962).
Prototrophic  rtroinr of 74A and 730 backg round differed in sensitivity when 2Pg ocriflavin  (Nutritional B&hem.  Co. )

IKT  ml was present in the minim.1  slants. A cross between resistant (STA 4) and sensitive (Pa) strains  indicated o 2:2
kegregation  t&r  sensitivity in the tetrad.
The gene in strain KHI, responsible for
this low level of resistance, was  located
in the left arm of linkage group I cmd
designated ocr-I.  A second gene, in
strain KHZ,&ted  when the rub-
culture of a single strain continued to
grow in the presence of IO  pg/ml  of
the dye while others did not.  Again,
the difference was due to a single  gene,
designated ocr-2, which was  located to__
the left of the group III centromere
marker  SC (rcumbo)  in a 3-point cross,
am-2  XTC t
~un;d~f!::“decr2d,;  u?$he
same markers is consistent with this
order. Assuming the order

1
ocr-2 SC

1 1
‘w-l,

I Itetrcdr  of the I41  analyzed were
ringles  in I, 69 were singles in II,
3 were 4-strand doubler in II, I war
single in I and double in II, and 5 were
I, II doubles. (Map distance acr-2  -
SC,  6.0 units, C= 0.6 ). Since3

Table I.  Loci and strains of origin of acriflavin-resistant  mutants.

K”1 & STA4

KHZ acr-2 crL nit-1(34547),aur(34508)  a-,-
KH4* acr-2 CA  cot(clo2)  ; ylo(Y30539y)  A-I -
KHS acr-2 z(B123);  cor_(ClOZ) A

KH6 aer-2 z(B123)  ; b&(B56)  A

Km acr-) z(B123)  ; e(C102)  A

KH9* Per-2 cr(~123)  ; x(B56)  e

KHlO”r aer-2 s(B123)  ; y&(Y30539y)  a

KH14 acr-3 &Y8743rn),flL  A

KHlS acr-3 &Y8743rn),  & e

*



about 2 units right of the centromere  (Hungate, F. P. 1945  Ph. D. Thesis. Stanford University ), it seems possible that  ocr-2
is iust  left of the centromere.

For the isolation of mutants  resistant to higher acriflwin  concentration, conidia harvested from both mxroconidial  and  micro-
conidiol  strains  were plated on the surface of minimal ogar  containing 50 pg ocriflovin/ml.  The plated conidicl  were exposed  to
ultraviolet  irradiation giving &out 75% killing for some of the mocroconidial strains. Resistant colonies were  isolated after  5
or 6 days at WC, not more than  one for each culture. Eight strains so  isolated were single-gene mutonts. Five of them, KH4,
KH 5, KH 6, KH 9, and KH 10, were assigned to the acr-2 locus because no wild-type progeny were observed from crosses with-
KH 2. (40, 41, 54, 32, and 54 progeny were  tested, respectively.) KH 8, KH 14, and KH 15, were assigned to o third locus,
ocr-3, in the left arm of group I, proximal to mating-type and probably proximal to ocr-I.  That these three alleles presumably
represent mu+a+ions  at a single locus distinct from ax-l  was  based  on observations that recombinants  were recovered in crosses
involving KH 1  and each of the three alleles, andthat  wild type was obtained among  145 progeny tested from KH 8 x KH 14,
nor among  130  from KH 14 x KH 15. Table I gives the loci and  the strains of origin of these mutants. Linkage dota of&,
acr-2, and ocr-3 based on random segregants  from 3-point crosses ore summarized in Table 2.
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The acriflavin  concentrations mentioned above  are not the maximum concentrations at  which these alleles can  survive,  but
rather the convenient concentrations for differentiating resistant  from sensitive isolates. In fact,  in wriflovin  slants, KH I still
grew at 4pg/ml,  and other mutonts  continued giving slight growth at  as high os 0.5 mg/ml. Correspondingly lower concentra-
tions were required to differentiate resistance and sensitivity when the iszlotes  were  tested in liquid culture. The tolerance of



bath  resistant  and sensitive strains  was  enhanced when hydrolyzed yeast  nucleic acid was added to the acriflavin  minim.1  medium
The double mutant ocr-2’;ocr-3’  was  more  resistant  thon either single mutont. In scoring ocriflovin  resistonce, f&e  negatives
may  result if inocuTaare  toQImall.

acr-lr oppeored to be recessive, while both acr-2’  and ocr-3’  were dominant. This was inferred from the obsewotion that ot- -
the some concentrations, the amount of growth of ocr-I’  + ocr-IS heterocaryons was  close to that  of the wild type, while growth
of au-T  + acr-r  , or au-d  + ocr-3s heterocoryons was  c=  the mutant type. The dominance of ocr-2’ and  acr-3’ was  in
agreement wme  foctthatatle.stfive  of the seven mutants isolated from the macroconidial strains  wxheteroc.ryotic  for
the mutont alleles. Such heterocoryons would probably not be able to survive the inhibitory effect of ocriflavin if the mutont
alleles were recessives.

All acr-2 mutonts  were cross-resistant to 3-amino-l,2,4-triazole,  and all ocr-3 mutants, to malachite green. The double
mutant acr-2’;  ocr-3’ could grow in the presence of either chemical.  The concentrations ot which resistonce and  sensitivity
could beerexd  were 0.25% in ogor  slants and  0.1% in liquid culture for ominotriozole,  and  2pg/ml  in slants  and  0.5
pg/ml  in liTid for malachite green. These mutonts  did not differ oppreciobly from wild type in their sensitivity to acridine
orange, proflovine,  thionine, and crystal  violet.

Mutations from ocriflavin sensitivity to resistance seem to be frequent. Mutants ot either ocr-2 or ocr-3 have been recover-
ed from most of the strains  upon first testing when between 106  ond IO7 conidia from each strainwere  pl.tedon  the ocriflovin
plates. Mutonts resistant  to the dye hove also  been obtained by Howe ond Terry (I%2  Canad.  J. Genet.  Cytol. 4: 447)
ond by M. E. Case (personal communication).  - - - Department of Biological  Sciences, Stanford University, Stanford,
California.

Jho, K. K. Indole excretion by revertonts derived from
indole-accumulotihg  tryp-3 (td) mutants.

Indole is known to be excreted by many tryp-3 mutants.
Accumulation of indole in the medium isxsequence  of the
ability  of the mutont protein to cony out the reaction:  indole

glycerol phosphates indole + triose  phosphote (D&&s  and  Banner  1959 Proc.  Notl.  Acod.  Sci. U. S. 45: 1405).
It seems that at least some of the prototrophic strains  (assumed to be revertonts because  of their wild-type rote of growth)

derived from indole-occumulating  tr -3 m&ants oIso  accumulate indole in the medium.

::;zi’tz  lzzzkii””  7”;

A large number of phenotypic re-
3  mutants  td-2 td-71 and MA-100) were isolated from UV-treated  conidio by plating them on indole-

. The object was  to isolate, if possible, some strains  which were still auxltrophic  but could
grow on either indole-  or tryptophan-supplemented  medium. Though such strains  were not found, it was  noticed that most of
the prototrophic strains accumulated  indole in the medium. The indole-accumulating  revertants  were four to seven times more
frequent than  the non-occumvloting  ones. lndole occumulotion by o majority of isolates  was  expected because of the multi-
nucleate, heterocaryotic  notwe  of the conidio which gave rise to these strains. But the possibility was  considered that the
occumulotion  of indole was  on inherent chmocteristic  of the revertont nuclei.

Two of the indole-accumulating,  fat-growing isolates (to avoid poaible  suppressed strains) were crossed to the closely-
linked marker  “fluffy” strain. Conidial, non-fluffy modem  oscospore  isolates from each  cross were found to contain both
auxotrophs  and  prototrophs (23 prototrophs among  60 conidiol isolates in one case  and 76 prototrophs among 92 isolates in
the second cross). In both cores, with the exception of four isolates in the second cross (out of 75 isolates), oil of the pro-
totrophic, conidiol  iwlotes were found to accumulate indole in the culture medium; the four non-accumulating  isolates  could,
presumably, represent cross-over products between the wand  fl loci. Accumulation of indole by the iIolotes was  quanti--
totively  comparable to that of their prent auxotrophs.

These results indicate that the enzyme tryptophan synthetose  in these revertants  may be different from the wild-type en-
zyme. DeMoss  (I%2  Biochem. Biophys. Acta  62: 279) h os shown that the wild-type enzyme does not permit accumulation
of free indole in the synthesis of tryptophan from indoleglycerol  phosphate. Esser  et al. (1960  2,.  Vererbungslehre  91: 219)
have shown that about half of the revertonts from the indole-accumulating  strain  tdy2Tod  a tryptophon  synthetose  which
could be distinguished from the wild-type enzyme by enzymatic and  imnwnologic  criteria. It was not reported whether or
rwt  some of the rev&ants  occumuloted  indole.

This work was  supported by grants to J. Weijer  from the Notional Research  Council of Conoda.  - - - Deportment of
Genetics, University of Alberta, Edmonton, Alberta, Canado.

Kblmark, H.  G. Ureoseless  mutants  in Neurosporo  crosso. The presence of the enzyme ureas=  in Neurosporo  hos been
known for mow  won  (Srb ond Horowitz 1944 J. Biol. Chem.

154: 129). Mutation to on ureoseless  condition is therefore to be expected.
In the present experiments it was  first found that ureose  could very easily be demonstrated  directly on a growing colony,

simply by rooking o small  piece of pH-indicator  paper (range about pH 6-B) in on B% solution of urea  in water and placing
it in contact with the mycelium or conidia. A color change towords  the olkoline  takes place  in o few minutes due to liber-
ation of ommonio  when urea is enzymotically  hydmlysed.

This change in pH was  utilized in the screening methods finally worked out for i-lotion  of ureoseless  mutants.
Strains of Neurosporo: Some earlier experiments with macroconidiating  stmins  of colonial  morphology did not succeed in

the isolation of ureaseless  mutants. A microconidioting,  small  colonial stmin,  398-28 A, was  then tried in the expect&ion
that mutants might more easily become phewtypically  expressed when induced in mononucleate conidia. A morphological
mutant, m-25, derived from this strain  after  treatment with ultmviolet  light, was  used in some of the later experiments.
m-25 forms very small  and extremely dense colonies.


