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Protein synthesis during germination of heterothallic yeast ascospores
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Abstract. Protein synthesis during ascospore germination of the heterothallic Saccharomyces cerevisiae strain AP-3
was investigated. Protein synthesis in the germinating ascospores appeared to begin approximately 20 min following
glucose initiation. Since RNA synthesis did not start until approximately 70 min after the onset of germination, strain
AP-3 ascospores must contain RNA which is ready for immediate translation. Both trehalase and glyceraldehyde-3-
phosphate dehydrogenase activities were found to be affected by the onset of germination. Trehalase activity was
found to increase severalfold following 60 min of spore germination but remained relatively constant over the
subsequent 120 min examined. Dehydrogenase activity was not detectable in AP-3 ascospores but was measurable

In germinating ascospores.
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The developmental process germination in yeast repre-
sents the transition from an ascospore to a vegetative cell.
It is an excellent model to study eukaryotic cell differen-
tiation. The transition of an eukaryotic cell from a dor-
mant metabolic state fo an active one provides the means
to learn what macromolecular and biochemical changes
must be initiated to complete this change. An important
macromolecular change that begins during the return to
the vegetative state is the initiation of protein synthesis.
Relatively few studies have closely examined protein syn-
thesis during ascospore germination of the yeast Saccha-
romyces cerevisiae. Those studies that have been per-
formed involved the use of homothallic strains* ~*. From
these studies, it was observed that the syntheses of the
enzymes trehalase (EC 3.2.1.28) and glyceraldehyde-3-
phosphate dehydrogenase (EC 1.2.1.12) were affected by
ascospore germination® >~ 7. Unfortunately, the isola-
tion of germination mutants using homothallic strains
will not reveal much about the genetics controlling this
developmental process. With respect to heterothallic
yeast strains, it has been shown that ascospores of
S. cerevisiae strain AP-3 mitochondrial mutants failed to
complete germination ®. This is likely related to respira-
tion resumption during outgrowth of the wild-type as-
cospores ®. It was also shown that DNA synthesm in
AP-3 spores was initiated 2 h after glucose addition 8. If
germination mutants are to be isolated from heterothallic
strains, it is vital to learn how protein synthesis is influ-
enced by ascospore germination. In this report, protein
synthesis of the heterothallic S. cerevisiae AP-3 as-
cospores is examined. In particular, the activities of tre-
halase and glyceraldehyde-3-phosphate dehydrogenase
were investigated during early germination.

Materials and methods

S. cerevisiae strain AP-3 (a/o) was used in this study and
maintained on YEPD agar. After the cells grown in ac-
etate medium 3 reached a concentration of 2 x 107 cells/
ml, they were collected by centrifugation. Following

washing, the cells were suspended in sporulation medium
for 24 h3. Ascospores were isolated after treatment with
Lyticase (1000 units/ml) for 1 h using the conditions pre-
viously described?. Buffered synthetic succinic acid
medium (SSM) was utilized in the ascospore germination
experiments ®.

Uptake and incorporation studies. When measuring up-
take, SSM (5—10 m}) cultures containing 1 xCi/ml [**S]
methionine or [**C] adenine were prewarmed to 30 °C.
The final ascospore concentration present in each culture
was 1 x 108 cells/ml and 1 % glucose was used to initiate
germination. When added, the concentration of cyclo-
heximide was 0.1 mg/ml. Medium (0.05 ml) was sampled
at selected intervals during germination onto prewashed
0.45 uM nitrocellulose filters. Filters were washed with
SSM containing an excess of the unlabeled compound
being examined, to remove non-specifically bound la-
beled compound, and then counted.

Incorporation of labeled precursors into trichloroacetic
acid (TCA) precipitable material was used to monitor
macromolecular syntheses. To initiate germination, as-
cospores were added to SSM cultures containing 1 uCi/
ml labeled compound. Samples (0.05 ml) of the medium
were treated with S ml cold 5% TCA. Each treated sam-
ple remained in ice for 10 min and then was filtered onto
Whatman GF/A filters. After washing with 5% TCA,
the filters were counted.

Extract preparation and enzyme assays. To prepare the
crude extract for assaying trehalase or glyceraldehyde-3-
phosphate dehydrogenase activity, 400 and 800 mg wet
AP-3 ascospores, respectively, were allowed to germinate
at 30 °C in 100 ml SSM containing 1% Tween 80 and 1%
glucose with aeration on a rotary shaker (200 rpm). If
cycloheximide was included in this medium, its final con-
centration was 0.1 mg/ml. For the trehalase or dehydro-
genase assays, sample volumes corresponding to 100 and
200 mg wet ascospores, respectively, were removed from
the untreated cultures at 0, 2, 5, 30, 60, 120 and 180 min
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or from the cultures containing cycloheximide at 60 min
after glucose addition. The spores were collected by cen-
trifugation at 4000 x g for 10 min. For the trehalase as-
say 7%, the spores were suspended in 5 mM potassium
phosphate buffer, pH 7.5 (1.2 ml). The spores were sus-
pended in 50 mM potassium phosphate buffer, pH 7.4
containing 2 mM 2-mercaptoethanol and 2 mM EDTA
(1.2 ml) for subsequent assaying of dehydrogenase activ-
ity. After 2.5 g glass beads were added to the suspension
in a tube, the spores were broken by high speed agitation
using a vortex mixer (3 x 30 s) where the tube was kept
in ice between disruptions. For the trehalase assay, the
crude extract was centrifuged for 5 min at 10,000 x g and
dialyzed overnight against 5 mM potassium phosphate
buffer, pH 7.57'. For the dehydrogenase assay, the
extract was centrifuged at 20,000 x g for 10 min and the
supernatant was assayed immediately.

Trehalase activity was assayed at 30 °C as previously
described using a spectrophotometric methodology *°. A
unit of trehalase activity is expressed as nmol glucose
liberated/min. Glyceraldehyde-3-phosphate dehydroge-
nase was assayed at 25 °C by a prior method that follows
the conversion of NADH to NAD at 340 nm %, A unit
of dehydrogenase activity is given as nmol glyceralde-
hyde-3-phosphate utilized/min. Protein was determined
by the procedure of Bradford'? using lysozyme as the
standard.

Results and discussion

Protein synthesis in germinating S. cerevisiaze AP-3 as-
cospores was investigated. To measure protein synthesis
during germination, it is necessary to use a labeled amino
acid that is transported into ascospores early during ger-
mination **. It was found that [>°S] methionine is trans-
ported into the germinating ascospores immediately after
glucose initiation (fig. 1 A). Uptake of the radiolabel by
the germinating spores was relatively linear during the
first 120 min following their initiation (fig. 1 A). With
methionine being transported into the spores, it was pos-
sible to examine its incorporation into protein. From
figure 1 B, it can be seen that methionine incorporation
into protein had begun by 20 min after germination ini-
tiation. Methionine incorporation into protein was ob-
served to be nearly linear over the next 100 min (fig. 1 B).
If the eukaryotic protein synthesis inhibitor cyclohex-
imide was added to the culture medium, methionine in-
corporation into protein failed to occur in the germinat-
ing spores. This indicated that incorporation is truly the
result of protein synthesis. In studying protein synthesis
during AP-3 ascospore germination, it was not known
whether this synthesis was due to messenger RNA al-
ready present in the spores or whether RNA synthesis
had resumed immediately upon initiation of ascospore
germination. It has been shown in prior studies that
RNA synthesis can be monitored by adenine incorpora-
tion®. Uptake of ['*Cladenine by germinating  as-
cospores is shown in figure 2A. Rapid adenine uptake
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Figure 1. Uptake (A) and incorporation (B) of methionine by strain
AP-3 germinating ascospores. Performed as described in “Materials and
methods’.
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Fi_gur§ 2. Adenine uptake (A) and incorporation (B) by strain AP-3 ger-
minating ascospores. Performed as stated in “Materials and methods’.
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appears to be occurring at about 30 min following the
start of spore germination (fig. 2A). If RNA synthesis
resumes upon initiation of spore germination then rapid
incorporation should also occur at 30 min. This was not
found to occur. Instead, RNA synthesis appears to begin
at about 70 min when a sharp increase in adenine incoz-
poration can be noted (fig. 2B). Since RNA synthesis
does not begin once germination has been initiated, the
ascospores must contain RNA that is available for imme-
diate translation. Polyadenylate-associated RNA, which
can be rapidly translated, has been isolated from yeast
ascospores 13-14. Proteins necessary for the transition
from spore to vegetative cell are likely synthesized from
this stored RNA. An immediate transition in yeast as-
cospore protein synthesis has been observed after the
first 15 min of germination®. In prior investigations, it
has been shown that the synthesis of 2 enzymes, namely
trehalase and glyceraldehyde-3-phosphate dehydroge-
nase, was influenced by the onset of germination® >~
The activities of these enzymes were determined during
the first 3 h following the initiation of spore germination
(table). It was observed that trehalase activity was
present in strain AP-3 ascospores. Once spore germina-
tion had begun, its activity increased slightly during the
first 5 min, doubled after 30 min and was more than
6-fold higher by the end of the first 60 min (table). Treha-
lase activity remained relatively constant over the subse-
quent 120 min (table). Similarly, trehalase activity in a
homothallic S. cerevisiae strain has been noted to in-
crease 10-fold during early germination®~". As germina-
tion proceeds, this enzyme activity slowly dimin-
ished °~7. In this same strain, a significant decrease in the
trehalose concentration of yeast ascospores has been wit-
nessed during the first 90 min of germination*®. In con-
trast to trehalase activity, dehydrogenase activity was not
detectable in strain AP-3 ascospores but was measurable
in the germinating ascospores when assayed after 2 min
(table). During the initial 60 min of germination, dehy-
drogenase activity steadily rose (table). The start of gly-
colysis within the germinating spores by glucose addition

Trehalase and glyceraldehyde-3-phosphate dehydrogenase activities in
ascospores and germinating ascospores

Time (min) Specific activity
Trehalase Glyceraldehyde-3-
phosphate dehydrogenase
0 6.9 +0.95 <0.01
2 6.5+ 0.94 0.58 + 0.05
5 7.5 1 0.96 0.73 £ 0.11
30 4.1+ 118 1.04 + 0.07
60 4234222 248 +0.20
120 44.7 £ 5.60 2.36 + 0.10
180 44.7 + 7.62 1.79 £ 0.15

Activity determinations were performed as described in ‘Materials and
methods’. Each specific activity (mean + SEM) is presented as units/mg
protein.
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is likely related to this change in activity. Over the
remaining 120 min, this glycolytic enzyme activity
was found to steadily decrease (table). In a prior study,
the dehydrogenase has been shown to be synthesized
in ascospores that had been undergoing germination
for 100 min>. Trehalase or dehydrogenase activity
was found to be 142+ 0.50 (mean £ SEM) or
0.47 + 0.07 units/mg protein, respectively, in spores that
had been incubated for 60 min in culture medium con-
taining the protein synthesis inhibitor cycloheximide.
The above results indicate that the increases in both en-
zyme activities are not solely due to the synthesis of new
protein. Post-translational regulation, which has been
previously found to control neutral trehalase activi-
ty 117 appears to be a factor in the observed rise of each
enzyme activity during germination. In conclusion,
protein synthesis in germinating AP-3 ascospores has
been shown to resume prior to RNA synthesis indicating
the spores must contain RNA which can be immediately
translated. This is also confirmed by the finding that
novel syntheses of trehalase and glyceraldehyde-3-phos-
phate dehydrogenase seem to have occurred by 60 min
after germination initiation. Novel syntheses of these en-
zymes did not account for the overall elevation of their
activities since post-translational regulation of these en-
zymes was also evident.
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