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Hasunuma, K. ~1. Othophosphate regulated cyclic phos-
_ phodi esterase (cPDase)
Mitants in orthophosphate-regul ated _ _ _
C¥1CI i ¢ phosphodi esterase show ng I'n wld-type hyphae grown in |owand high
rhythm ¢ condiation in Neurospora. phosphate nedia, cPDase iS detected in hyphal

extracts and in culture filtrates (1, 2. The

_ _ enzyne hydrol’\%zes bi s-p-ni trophenyl ﬁhosphate,
and cyclic 2',3 - and cyclic 3",5 -AW, GW, .and UMP, cPDase actjvity with cyclic
3',5'-AWP is most efficient at around BH 4 and is stimulated by MTH(l1). Wth cyclic
3',5 -AWP as substrate, intracellular cPDase produced in wld-type hyphae grown in high

spha

te medi um shows a Km of 1x10-55 !\g vvheg eas cPDasezs produced i n hyphae grown in | ow
sphat e medi um have Kni's of 1x10-°, 2x10-5 and 1x10-4 M (2). These three énzynes are
designated cPDase I, Il and I'll, respectively. Aregulatory nutant |acking the ability to
assimlate phosphate from many sources, nuc-1, produces wld-type level's of specific
activi t%/ of cPDase | in high phosphate npm'unrvvhereas in | ow phosphat e medi umthe rut ant
does nof produce all the nolecular species of cPDases (2). In the nutant _gho-S (3), the
| evel s of specific activity of all species of cPDase are reduced. pho-3 i egul atory
mutant of cPDases (2). _
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Wth cyclic 3,5 -AW as substrate, _extracell ul 3 cPDases produced under |ow
Phosphate condi tions showed Km's of 10x10-° Mand 2x10-3 M whi ch corresponded to cPDase

and I1. These enzyme activities were inhibited non-conpetitively by an intracellular
regul atory protein designated neucraasin, whereas with cyclic 2',3 -AWP as substrate
enzyme activities were Stinulated by neucrassin in the presence of M*t (Shinohara,
Furukawa and Hasunuma, in preparation).

2.Rhythmic conidiation in cPDase nutants.

Two groups of mutants, cpd-1 and cpd-2, which show reduced growth in orthophosphat e-
free Fries medium supplenented with cyclic 3',5 -AWP, exhibit rhythmc growth in Fries
m ni mal nedium (4) and rhythm c conidiation on solid glycerol congl ete medi umcontainin
Fries salts (53. cgd-l was mapped on LGIVR, 19.4%distal to %r and cpd-2 was | ocate
on LG IL, 5.6%p | to arg-| _%6)._The rowh qf both am s on d glycerol.
conplete mediumis sensitive to white |ight % .3 J/n¥/ sec). Alight pulse of only 10 mn
is sufficient to reduce |linear extension of hyphae in race tubes and to cause phase
shifting of conidiation. The gerl od Iengths of rhythm c conidiation of cpd-1, cpd-2 and
bd nutants are 22.7, 22.1 and 22.8 h respectively in continuous darkness T =g ng)
while in a 9:15 (light:dark) regime they are entrained to 24 h. In continuous darkness
the period | ength of cpd-2 varies from23.0to 24.2 h between 17 and 33° C, and that cpd-2
var
wer

ies from21.4 to 736 h between 21 and 33° C. Conidiation rhythms in cpd-I and cpd-2
e identified as being circadian, as in the bd strain (5). — —

~Subnerged nycelia of cpd-2 and cpd-2, grown in liquid medium in test tubes were
exam ned after drawi ng out MO a slidegrass. Serial observation of dense and sparse
regions was performed by |ight n1crpscopg. Dense regions contain predom natly subnerged
conidia, while sparse regions contain subnerged mycelia (7). These strains, cpd-1 and
cpd-2, have reduced |levels of cyclic 3,5 -AWP (6). The oscillation of |evelSofcyclic
~5==AMP under the control of the clock systemmay correlate with the rhythmc formation
of aerial hyphae and conidia frpn1hy$hae on solid mediumand the rhythmc formation of
subnmerged conidia in liquid medium This assunption was supported by direct measurenent
of the levels of cyclic 3,5 -AMP in the nycelia of wild-type, cpd-1"" cpd-2 and bd grown
inliquid media. Cultures were sanpled every three hours aftermeTTE'£#Eyn i rradiation.
e four strains showed a smal| peak of cyclic 3,5 -AWP in continuos darkness after 15 h
omthe time of light off and a large peak after 24 h. A second small peak appeared 39
after the start of continuous darkness and a second | arge peak appeared after 48
. The levels of cyclic 3',5 -AWP in these four strains showed oscillations with a
d length of about 24 h. The levels of cyclic 3',5 -AWP in cpd-l and cpd-2 were 5 to
% and in bd 50 to 70% of the wild-type level (7). ConidiatTomon sottd—media in a
experiment took place 2-3 h after the appearance of a | arge peak of cyclic 3,5 -
but in cpd-1 and cpd-2 conidiation took glace during the period of the large
cyclic 3" ,5=7AWP. SrETpeaks of cyclic 3',5 -AVP may correspond to the shoul ders
of conidiation bands. Reduction in the level of cyclic 3" ,5-AVP may be a trigger for the
change |n_nnr%ho?ene5|s fromvegetative to aerial hyphae (conidi ophore) and a subsequent
increase in the Tevel of cyclic 3',5 -AMP may be a trigger for the formation of conidia
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(2, 5). Amtant of adenylate cyclase, cr-1, forns abundant{ conjdia on solid nedia, but
the | evel s of cyclic 3",5"-AMP in various—atlelic nutants of cr-1 were the same or rather
hi gher than those of cpd-1 and cpd-2 (Hasunuma, unpublished)™Conidia of cr-l contain

normal |evel of cyclic™3=5 -AMP(8)- Incpd-1, cpd-2 and cr-1, |ocalized actumul ation of

cyclic 3'5'~AMP at the ] p of aerial hypags may-tead to e formation of conidia.
3. Enzymatic characterization of cPDase nutants.

The | evel s of extracellular cPDase in hyphal culture of cpd-l and cpd-2 grown in | ow
phOSFhate nmedia were 19.2 and 9.8% that of wld-type, whergas in bd=The [evels were
simlar to wld-type. In ammoniumsulfate precipitates of nmycelial cUfture filtrates of
wild-type, two unidentified proteins were detected by SDS-PAGE el ectrophoresis. One of
these 1s mssing in cpd-1, cpd-2 and bd and the other ’is mssing in cgd- ~and bd. In crude
extracts of hyphae g n phospfiate nedia, the levels of cP incpt=l and cpd-
2 were about 20%that of wild-type. I'n bd, the level of cPDase | was only about 10% tat
of wild type. In crude extracts of hyphlae grown in | ow phosphate nediun the |evels of
cPDase 111 in cpd-1 and the levels of cPDase Il and Ill in cpd-2 are reduced. In bhd,
excess amounts=of—cPDase I, Il and IIl are produced (6). -

Since cpd-1, cpd-2 and bd showed reduced levels of cyclic 3,5 -AW and reduced
| evel s of cPDase |7 tmese stTains were suggested to be mutants show ng either reduced
activity of adenylate cyclase or over production of My**-stinul ated-cyclic-phosphodi ester -
ases (9). In the presence of 10 uM GIP, adenylate cycl ase activity of cpd-1, cpd-2 and bd
were 69.3, 34.0 and 63.2%that of wil d-tyPe. h/Pf’*-stl mul at ed- phosphodi est er ctiviTy
at intracellular concentrations (0.2 uMof cyclic 3',5 -AWMP in cpd-1, cpd-2 and bd were
199, 137 and 329% that of wild type. Thus in cpd-1 a)rnd bd, a t " tion™h the
activity of adenylate cyclase and hi gher [evel s=ofy*™*- stTmul at ed- Cycl i c-tphosphodlles.ter-
ase were observed. A mutant of adenylate cyclase, cr-1 (10), showed 20.3%of the activity
of wild-type, while the activity of My**-stinul ated=TyTlic-phosphodi esterase was 293%t hat
of wil d-t(}/pe (6). Although the |l evel s of adenylate cyclase in cr-1 nutants were reported
to be |-4%that of wild-type (I1), it seems Ii'kely that the resufts were conpounded by the
enhanced activity of I\ég++-st| nul at ed- cycl i c- phosphodi esterase. The |evels of cyclic
3,5 -AWP in cpd-1, cpd-2, cpd-3 and cr-1 were 9.2, 9.8, 16.3, 13.4%that of wild-type
(FGSC #988). —Tpu—3 Tsotated wth CPId-'I—and cgd-Z (4? is very simlar to cr-1in
nor phol ogy and™S Tapped on LG IC. evel s enyl ate cycl'ase and My**- STt at ed-
cych-P, 03fh0d| esterase in cpd-3 were 31.1 and 253% those of wild type (Hasunuma, in
preparation).

4. Concl usi on.

Al'though cpd-1 and bd may be ver% | eaky mutants of adenylate cyclase, cpd-2 may be a
mut ant of adenyfate cycl™ase, conmparable to cr-1. The reduction of the |ev cyclic
3,5 -AW in cpd-1 and bdmay be the result ofSli ghtly reduced activities of adenylate
c%cl ase and apparent|y enhanced activities of My*F-stinul at ed-cyclic- phosphodi est er ase.
The |evel of cyclic 3,5 -GW in these strains i's unaffected (63/, whereas in cr-1 the
level is reduced to |l-15%that of wild-type (10). Two types of adenylate cyctaSe may
exi st in Neurospora; the mutation cr-1 may affect the enzynme that shows activity with both
adenyl ate cyclase and guanylate cytrase, while the other enzyne regulated by cpd-2 may
only show activity with adenylate cyclase. —

The reductionin the level of cyclic 3',5 -AWP, brought about by the reductionin the
level of activity of adenylate cyclase in cpd-2 and by the increase in the |evel of
activity of My**-stimul ated-cyclic-phosphodiESTterase in cpd-1 and bd, did not affect the
period length of conidiation. Using bd cr-1, Feldman™et_al. (T2) ruled out the
Interaction of adenylate cyclase and a maj or—pool of cyclic 3',5 -AWMP'in the mechani smof
the clock system Fromthe analysis of cpd-1, cpd-2 and bd, however, nutants exhibiting
rhythm c conidiation showed rhythmc osc 0 yclic 3,5 -AWP, the | evel s of which
were | ower than in wild-type, and the peak of the level of cyclic 3',5 -AWP roughly corre-
sponded to the conidiation band.  The results strongly suggest a direct action of cyclic
3,5 -AWP in the clock mechanism Riythmc oscillation of energy . c,harge (13), and . of
cyclic 3,5 -AW (r7)’ short period | ength of conidiation rhythmexhibjte _b%/ oli ?o gi,n
resistant (bd ol1l % strain (14)and long period |ength causéd by the inhibitor o *.
§t| mul ?ted-scy'cg I'c-pANP osphodi esterase (15) suggests a rhythmc flowof ATP fromm tochondria
o cyclic 3',5"- .
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