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Said, S. and H. F. Terenzi.

Cyclic AMP deficiency, medifier-mutations,

and instability of the ¢r-1 phenotype.

study the role of cyclic AMP in eucaryoﬁc cells.

The morphological mutant er-1 (crisp) of NeurosErocrussc
is severely deficient in adenylyl cyclase activity (Terenzi et al,
1974 Biochem. Biophys. Res. Commun, 58: 990). When c?EiTE
AMP wos added to the culture mediumof the mutant, it portially
restored wild-type morphology (Terenzi etal. 1976 J. Bacteriol.
126: 91); therefore, the enzymatic defic‘i-en_cy moy be directly in-
volved in the developmental failure ossociated with ¢r-1. Because
of these properties, g:__LmufanTs represent on inferes_f-i'r'\g system to

Earlier work {Garnjobst and Tatum 1970 Genetics 66: 281) demonstrated thot

cr-1 cultures accumulate spontanecus mutations which modify the crisp phenotype. There mutations were found in aged cultures
mclso appeared during vegetative propagation of cultures recently iroloted from ascospores.  Crisp-modifier mutafions hod a
clear-cut effect on the morphology of hemocaryons, but hod no visible effect in heterocaryons, until a signifieant proportion of
double mytant nuclei was reached. Thus, the presence of modifier mutations could interfere in onyottemptto characterize the er-1

mutant biachemicolly.

In o recent study (Terenzi gtal.1979, in
press) we demonstrated that cr-1 mutant strains
are “noble to grow on several carbon sources,
including glycerol, mannital ond arabinose.
This pleiotropic deficiency was overcome by the
addition of cyclic AMP to the culture medium.
This con be observed in Table 1, where it is
shown that the growth yield of the ¢r=1strain
(FGSC i"488) in glycerol supplemented medium
was greatly enhanced by cyclic AMP. On the
other hand, the nuclectide does not affect the
growth of the wild type, or that of the mutant
in glucose supplemented medium. Spontcneous
mutations were also found to overcome the nu=-
tritional deficiencies of the gr=] mutant (Ta-
ble 1). These mutations, which occurred at g
very high frequency, partially suppressed the
obnormal morphology of er-1, Taking advan-
tage of the nutritional differences between gr-}

sl

TABLE 1

Growth of cultures (mg total protein (a))

Medium cAMP (1 mM)  St. L. 74A  crisp-l *  crisp-mod {(b)
2% glucose - 17.1 16.6 15.7

2% glucose 18.0 15.1 14.3

1% glycerol L] 10.8 0.4 12.1

1% glycerol 8.9 6.3 11.2

(q) = Cultures were grown on 10ml of Vogel's liquid medium supplemented

os indicated, Incubations carried out at 30°C for 48 hr. Mycelia
collected ond precipitated with cold 10% TCA. After cegtrifugoﬂon
the mycelial pellet was extracted with 1 N NaQOH at 100" ¢, and
recenirifuged. Protein wos determined in the supernatant by the
method of Lowry_et al. (1951, J. Biol. Chem. 193: 265).

This strain wos isolated from @ er-1(8123) culture (*FGSC #488)
grown in glycerol medium and reisolated several times by plating on
glycerol supplemented medium.



and a-l-modified strains, we have studied the rate of incidence of the sponfcmeous modifier mutations.

The procedure that we

devised should be useful to check e¢r=1 stocks for the presence of modifiers.

All cultures were prepored, using standard petri dishes, in Vogel's medium supplemented with glucose (2%), or glycerol (1%).
The ¢r-1 culturesemployed were established from ascospores of a cross of ¢r-] (FGSC¥:488, allefe 8123) X St. L. 74A wild type. The
presence of the modifiermutation was tested for by plating @ convenienfly diluted conidiol suspension on minimal medium supple-

mented with glucose or with glycerol. Colonies were counted after 48hr at 32°C.

The number of colonies developing in glycerol-

supplemented medium, expressed % @ percent of the viahle population (No. colonies in glycerol/No. colonies in glucose x ]00],

was regarded @5 the frequency of crisp-modifiers present
in the culture. As Figure 1 shows, the proportion of gly-
cerol-utilizing  conidio increased dramatically in aging
culh.rres. In thot experiment, the cultures were cil inoc-

ulated simultaneously ond were from a single gr-] isolate.

In @ different experiment we studied fifty-two—s_éFurute
cr=1 isolates obtained from the cross gr-1 x wild-type. At
different times, conidiol samples from each culture were
tested in glucose and in glycerol media.Sevendays after
isoluﬁon, growth in glycerol was negativefor all the cul-
tures; after fifteen doys, twelve cultures (23%) gave @
positive response. This number increased tg@ twenty-one
(40%) at the 22nd day, and, after a month al | cultures pro-
duced conidia able to develop in glycerol medium. We
conclude that old cultures of the cr=1 mutont inevitably
contain modifier mutations. -
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Figure 2. -- Incregse in the proportion of

glycerol-utilizing  conidio  during  serial transfers
of { cr_—] sfrcﬂn,in medium supplemented (A), or
not (o,@) with 2mM dibutyryl cyclic AMP.
Arrows jndicate when cultivation in the presence
of ¢cAMP was initiated (a), or discontinued (b).
Time interval between transfers was five days,

ifien thot con be selected on the basis of the nutritional requirements occur @t @ single or several genetic loci.
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Figure |.-- Increase in the proportion of glycerol-utiliz-

ing conidio in Qging_ cr=1 cultures. Each experimental point rep-
resents one slant, from @ group of five, which hod been simulta-
neously inoculoted with 0,05 ml of asingle conidial suspension.

Figure 2 shows the exponential increase in the proportion of glyc-
erol-utilizing conidia in a gr=1 strain which was propagated by repeated
transfers. According to (arnjobst ond Tatum, spontaneous _cr-I-modifiers
were not observed in wild-type strains; and, ulthough we have oceassion-
c"y observed w-I-modified phenotypes omonyg the progeny of glx wild-
fype crosses, they were not very common. Therefore, we suspected that
the extremely fast appearance of the modifier in ¢r=1 cultures might be
related to the mutant deficiencyof odenylyl cycrcT;; activity. In support
of this view, it was observed that when the Ef:l strain wWQs propagated
in cyclic AMP-supplemented medium,the proportion of glycerol-utilizing
conidio did not increase (Figure 2). This effect of cyclic AMP was ob-
served at both ¢ low (0.001%) and a high (1%) proportion of modifier in
the heferoccrryon. When cyclic AMP was withdrown, @ rapid increase
in the number of glycerol-utilizing conidio occurred.

The nutritional advanfages provided to the cr-I mutant by the mod-
ifier mutation do not seem to contribute to the rcp_id selection of the fat-
fer in any obvious way,; e, cr-l _cultures were propagated in glucose-
supplemented medium, l_n which _wi|d type, cr-], and  modified-a-I
growth rgtes ore the some (Tqble 1). Moreover-t-ﬁe effects of the mod-
ifier on er-1 morphology only became apparent when a high proportion
(over lOWof nuclei contained the modifier. Nevertheless, the rafe of
increase of modifiers during the vegetative propcguﬁon of @ cr-l strain
(Figure 2), was linear over four orders of magnitude. GomiSB'sT ond
Tatum found that the sponfuneous crisp-modifiers represented ot least
different loci. It remains to be established whether the cr=1-mod-
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