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The glycoprotein gpl115 (M, = 115,000, pI 4.8-5) is
localized in the plasma membrane of Saccharomyces
cerevisiae cells and maximally expressed during G,
phase. To gain insight on the mechanism regulating its
synthesis, we have examined various conditions of cell
proliferation arrest. We used pulse-labeling experi-
ments with [>**S]methionine and two-dimensional gel
electrophoresis analysis, which allow the detection of
the well characterized 100-kDa precursor of gpll$
(p100). In the cAMP-requiring mutant cyri1, p100 syn-
thesis is active during exponential growth, shut off by
cAMP removal, and induced when growth is restored
by cAMP readdition. The inhibition of p100 synthesis
also occurs in TS1 mutant cells (rasIras2-tsl) shifted
from 24 to 37 °C. During nitrogen starvation of rcal
cells, a mutant permeable to cAMP, p100 synthesis is
also inhibited. cAMP complements the effect of am-
monium deprivation, promoting p100 synthesis, even
when added to cells which have already entered Go.
Experiments with the beyl and cyrlbeyl mutants
have indicated the involvement of the cAMP-depend-
ent protein kinases in the control of p100 synthesis.
Moreover, the synthesis of p100 was unaffected in
A364A cells, terminally arrested at START B by a-
factor. These results indicate that the switch operating
on pl00 synthesis is localized in early G; (START A)
and is one of the multiple events controlled by the
cAMP pathway.

In the yeast Saccharomyces cerevisiage the commitment to
initiate a new division cycle occurs in the G; phase at the
level of the regulatory area called START (1). Information
coming from the environment and from inside the cell is
integrated at START. At this stage the cell decides to progress
in a new cycle or to undergo alternative developmental path-
ways such as sporulation, mating or entry into the resting
phase (Go). The deprivation of essential nutrients (nitrogen,
sulfur, etc.) causes the entrance in the resting state, which is
similar to the G, arrest of mammalian cells (2).

START can be divided into two phases: A and B (3). The
block at the START A, determined by mutations in Class 11
genes (CDC19, CDC25, CDC33, CDC35), inhibits cell cycle
progression at a stage in which cells are not competent for
mating, causing a reduction of RNA synthesis and therefore
of growth, similarly to entry into Go. Mutations of the class I
genes (CDC28, CDC36, CDC37, CDC39) cause an arrest at
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START B: inhibition of cell division occurs, but cells continue
to grow (RNA and protein synthesis are not affected for some
time) and they are competent to mate (4).

Extensive genetic and biochemical analysis provided evi-
dence on the involvement in the START regulatory events of
the cyclic AMP (cAMP) metabolic pathway and of its intra-
cellular transducer, the cAMP-dependent protein kinases (re-
viewed in Ref. 5). The initial indication that cAMP is a
positive effector of yeast cell proliferation came from the
observation that the removal of cAMP from the cAMP-
requiring cyr! mutant, causes a START A arrest (6). The
beyl mutation bypasses this defect (6). CYR1, which is allelic
to CDC35, is the structural gene of adenylate cyclase (7),
while BCY1 codes for the regulatory subunit of cAMP-de-
pendent protein kinases (8, 9). Following studies have shown
that the RAS1 and RAS2 proteins of yeast are modulators of
adenylate cyclase and their structural and functional inter-
action with the CDC25 gene product has been postulated
(reviewed in Ref. 10). Recent evidence indicates that CDC25
gene product is located upstream to RAS proteins, probably
acting on them as an exchange GDP/GTP factor dependent
on nutritional signals (10). Thus, in yeast the signal trans-
duction pathway for growth is mediated by the RAS-cAMP
pathway and the resulting modulation of cAMP levels regu-
lates cell cycle progression through early G, (1, 11). cAMP
evokes many pleiotropic effects in yeast cells (12-14) includ-
ing the modulation of the synthesis of specific proteins (15-
17). The characterization of these cellular products could
prove to be interesting for the comprehension of the physio-
logical effects induced by this signal. The synthesis of the
heat-shock proteins ubiquitin and p118 was shown to be
negatively controlled by cAMP and a possible role of these
proteins in proliferation arrest has been suggested (15, 16). In
the present paper we have investigated the modulation of the
expression of gpl15, a yeast glycoprotein of M, 115,000 and
pl 4.8-5 containing glycosyl-phosphatidylinositol as a plasma
membrane anchor domain (18-20). In previous papers it has
been reported that its 100-kDa precursor (p100) is maximally
expressed in the G, phase (21, 22). Post-translational proc-
essing studies have shown that p100 is the core-glycosylated
form of gp115 detectable by short-labeling experiments (18-
22). Therefore, p100 precursor level was used in the present
study as a probe for the gpl15 biosynthetic rate. Here we
report that the synthesis of p100 is positively regulated by
cAMP through the activity of cAMP-dependent protein
kinases. Moreover, the synthesis of p100 is unaffected by cell
cycle arrest at START B. The reported findings indicate that
the switch operating on pl00 synthesis is specifically con-
trolled by the mechanism regulating the celi cycle at START
A.

EXPERIMENTAL PROCEDURES

Strains and Growth Conditions—The following Saccharomyces
cerevisiae strains were used in the present study: OL214 (a/a cdc25/
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5-h incubation in nitrogen-free medium drastically induces
the synthesis of p100 and blocks the expression of p118 (Fig.
7). The important feature of this experiment is that the effect
on specific protein expression is uncoupled from the secondary
physiological effects on cell mass accumulation and on bud-
ding, typically observed in the other conditions of cAMP
stimulation. This result clearly indicates that the synthesis of
p100 is a direct response to regulatory events evoked by cAMP
and we can therefore rule out that it is merely a consequence
of growth stimulation. Finally, preliminary results on the
kinetics of p100 synthesis induction indicate that the activa-
tion of p100 synthesis is a rather early event which is detect-
able 15 min after cAMP addition (data not shown).

The reduction of p100 synthesis (and induction of p118)
had been reported during sulfur starvation (25). These two
conditions of deprivation of essential nutrients appear to
differ in their effects on cAMP levels. While sulfur starvation
has been reported to cause a reduction of cCAMP levels (33),
during nitrogen deprivation of rcal cells we could not measure
variations of cAMP level between starved cells and exponen-
tially growing cells (Table I). This could be due to difficulties
in comparing cAMP levels between blocked and proliferating
cells. In fact, cAMP levels fluctuate along the cell cycle (34)
so that the measurement in growing cells refers only to an
average value. Alternatively, it can be postulated that am-
monium ions act through a signal transduction pathway dif-
ferent from that of cAMP, however, hypostatic to it. Studies
on the similarities in the phosphoprotein patterns between
nitrogen-starved cells and cyrl-2(ts) mutant cells at 37 °C
tend to exclude this hypothesis so far (35).

The possible involvement of cAMP-dependent protein
kinases in the modulation of p100 synthesis was investigated
using the double mutant cyrlbcyl, in which the defect of
growth, due to the absence of a functional adenylate cyclase,
is suppressed by the constitutive activity of cAMP-dependent
protein kinases. In this mutant bcyl mutation restores p100
synthesis complementing the inhibitory effect of cyr! muta-
tion. Moreover, the synthesis of p100 appears unaffected by
transferring beyl cells to nitrogen-free medium. Thus, in both
conditions of adenylate cyclase defect and nitrogen starvation,
the addition of cAMP or the activaticn of cAMP-dependent
protein kinases brings about the same effect on p100 synthe-
sis. These results strongly indicate that cAMP-dependent
phosphorylation of target proteins regulates the expression of
p100. We do not know yet whether this mechanism involves
a translational or a transcriptional control.

Finally, the analysis of a-factor-treated cells has indicated
that pl00 does not respond to the mechanism of cell cycle
regulation operating at START B. The lack of sensitivity of
pl00 synthesis to c¢dc28 mutation (data not shown) also
supports this conclusion. Moreover, we found that cAMP
level was not perturbed by a-factor addition (Table I). Al-
though this determination is subjected to the above mentioned
uncertainties, other data support the hypothesis that the block
at phase B of START by pheromone does not involve the
cAMP pathway (36). Moreover, this experiment provides
further elements supporting that p100 synthesis is correlated
to cAMP levels and not directly to cell cycle progression.

cAMP Promotes the Synthesis of the Yeast Glycoprotein gpl15

In conclusion, our results indicate that the switch that
regulates p100 synthesis is one of the targets of the mechanism
controlling the cell cycle at START A: it is turned off in
conditions of cell cycle arrest, caused by a deficiency in cAMP
production or by nitrogen starvation. In this regulatory area
cAMP is sufficient to promote the p100 synthesis by a cAMP-
dependent protein kinase-mediated mechanism.

Although several examples of yeast proteins modulated by
the cell cycle have been reported, the molecular mechanisms
of this regulation are still poorly characterized. Our work
provides a preliminary evidence that cAMP is one of the
possible factors mediating cell cycie modulation of a yeast-
specific cellular product.
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