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Genetic Relationship between the SPT3 Gene and RAS/cAMP
Pathway in Yeast Cell Cycle Control
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The signal transduction pathways through the RAS gene product and adenyl cyclase play a critical
role in regulation of the cell cycle in yeast, Saccharomyces cerevisiae. We examined the genetic
relationship between the spt3 gene and ras/cAMP pathway. A mutation in the SPT3 gene suppressed
cell cycle arrest at the G1 phase caused by either an inactivation of the RAS or CYRI gene which
encodes a yeast homologue of human ras prote-oncogene or adenyl cyclase, respectively. The
phenotypes such as sporulation and heat shock resistancy, that resulted from a partial inactivation
of the RAS or CYRI genes, were also suppressed by the spf3 mutation. Expression of the SSA7 gdene
encoding one of the heat shock proteins (Hsp70) can be induced by heat shock or nitrogen
starvation. Expression of this gene is derepressed in ¢yr1-2 and spt3 mutants. The bcyl mutation
repressed heat inducibility of SSAI expression. The high basal expression of SSAI in cyrl-2 was
suppressed by the bcyl mutation, but not in spt3 mutants. These results suggest that the SPT gene is
involved in expression of genes that are affected by the RAS/cAMP pathway.
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Mutations in the SPT3 gene were initially identified and
characterized as suppressors of Ty or solo delta insertion
mutations in the 5'-regions of the HISZ and LYS2 genes (1,
29). Further analysis demonstrated that the SPT3 gene is
required for the production of normal Ty transcript that
initiates in the 5'-delta and terminates in the 3'-delta se-
quence (30). In strains that carry spt3 null mutations, Ty
mRNA of full-length is not present but a Ty RNA that is
800 bases shorter at the 5'-end is present at a reduced lev-
el. This fact, in conjunction with analysis of spt3 effects on
transcription of genes adjacent to the solo delta insertion
mutation, led to the suggestion that SPT3 is required for
initiation of transcription of delta sequence (30). In ad-
dition to suppression of Ty and solo delta insertion mu-
tations, the spt3 mutations cause other mutant phenotypes,
including defects in mating and sporulation (29).

Yeast mutants defective in sporulation can be clas-
sified into three types; 1) one fails to arrest in the G1/
Go state and initiation of meiosis/sporulation such as the
beyl or ras2*™ mutants (15, 11); 2) another is able to ar-
rest in the G1/Go state, but fails to initiate meiosis/
sporulation by a deficiency of mating type gene system
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(12, 13); 3) the other one is able to arrest in the G1/Go
state and to initiate meiosis, but fails to complete sporu-
lation such as some spo and spoT mutants (4, 23). If
sporulation deficiency of spt3 diploids results from an in-
ability of G1/Go arrest in sporulation medium, the SPT3
gene product may be related to the cAMP pathway, be-
cause the initiation of meiosis/sporulation requires the G
1/Go arrest in response to nutrient starvation, which is
mainly mediated by the RAS/cAMP pathway (15, 17). In
this paper, we examined a possibility that the function of
the SPT3 gene is related to RAS/cAMP pathway in
respect to the G1/Go arrest and initiation of meiosis.

Materials and Methods

Strains

The strains used in this study are listed in Table 1.
FW516 and L9 strains were obtained from Dr. F. Wins-
ton. The designation of his4-912 refers to strains car-
rying the sequence of 7¥912 that is inserted at position -
161 from the start of translation of the HIS4 gene, and
his4-917 refers to a strain carrying the sequence of Ty
917 that is inserted at positon -71 from the start of
translation. LYS2-173R2 refers to a strain carrying Ty
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173 that is inserted at 5'-terminus of the open reading
frame of LYS2. rasl and ras2 represent null alleles con-
structed by inserting a marker gene into the coding re-
gion of rasl and ras2 (10).

Media

Complete medium (YEPD), synthetic complete medium
(8C), minimal medium (SD), pre-sporulation medium
(YPA), and sporulation medium (SPO) were made as dem-
onstrated by Sherman, Fink, and Hicks (24). SC-leu medi-
um is a complete synthetic medium lacking leucine, and
was used to select yeast transformants. LB medium was
made as described by Miller (18), and used to grow E. colz
cells. E. coli transformants were selected on LB medium
containing 50 ug/ml of ampicillin (14).

General genetic methods and transformation

Standard genetic procedures of cross, sporulation,
spore dissection, and tetrad analysis were followed as
described by Sherman, Fink and Hicks (24). Diploids
were 1solated by prototrophic selection where possible.
When prototrophic selection could not be employed, dip-
loids were identified after single colony isolation by test-
ing for their ability to sporulate. In the case of sporu-
lation deficient strains, they were selected by their in-
ability for mating. Transformation of yeast cells was per-
formed by the lithium acetate method (9). E. coli strain,
DHI1, was used to transform and amplhfy the plasmid,
and transformed as described by Maniatis, Fritsch and
Sambrook (14). A plasmid, pLeSSA1-lacZ, was obtained
from Dr. T. Oshima.

Determination of sporulation efficiency, proportion
of unbudded cells, and heat shock sensitivity

Cells to be examined were freshly grown on YEPD
plates, transferred to pre-sporulation plates (YPA), and in-
cubated for 1 day. They were then transferred to sporu-
laton plates. After incubating for 3 days, the sporulation ef-
ficiency and proportion of unbudded cells were determined
under a light microscope. At least 600 cells were counted
for each determination. Heat shock sensitivity was de-
termined as described by Shin ef al. (26). The ex-
ponentially growing cells in YEPD medium at 25°C were
exposed to 52°C for 4 min, in the case of pre-heat treat-
ment, the cells were incubated for 90 min at first 37°C ,
and then exposed to 52°C for 4 min. The heat treated or
non-treated cultures were spread onto YEPD plates and in-
cubated at 25°C. After 3 days, colonies on each plate were
counted by compairing with the non-treated cultures.

Measurement of -galactosidase activity
B-galactosidase activity was assayed in cells per-
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meabilized with chloroform and sodium dodecyl sulfate
as described by Guarente and Ptashne (5). Units of the
enzyme were defined as (0D..x1,000)/(cell number/
107Xt xv)

Determination of trehalase activity

Preparation of cell-free extracts: Yeast cells were
grown in YEPD medium to the late log phase, and har-
vested by centrifugation, washed well with distilled wa-
ter, and suspended in 50 mM Tris-HC] buffer (pH 7.4)
containing 1 mM B-mercaptoethanol and 0.5 mM phenvl-
methylsulfony! fluoride (Buffer T). The cell suspension
was homogenized with an Aminco French pressure cell
press (J5-598A) at 10,000 p.s.i. The resulting homo-
genates were centrifuged at 1,000 xg for 10 min. The su-
pernatant fluid was obtained by centrifuging the crude
extract at 20,000 X g for 30 min.

Trehalase assay: Trehalase activity was determined as
follows. The reaction mixture (final volume 1.0 ml) con-
taining 0.5% trehalose, 125 mM PIPES buffer (pH 6.2),
and enzyme preparation, was incubated at 30 for 15 min.
The reaction was stopped by the addition of 1.0 ml of di-
nitrosalicylic acid  solution containing 10g of di-
nitrosalicylic acid, 16.8 g of NaOH, and 300 g of Rochelle
salt/liter, and then the reaction mixture was boiled for 5
min. If the solution was turbid, it was centrifuged to re-
move the precipitate. The absorbance at 530 nm in the
supernatant fluid was measured. One unit of trehalase ac-
tivity was defined as the amount of enzyme which de-
graded 1 nmol of trehalose at 30°C in 1 min. To examine
activation of trehalase activity by the additon of cAMP
and ATP, the crude extract was incubated with 0.1 mM
ATP and 10 pM cAMP at 30°C for 5 min, and then as-
sayed for trehalase activity.

Measurement of intracellular cAMP level

The cAMP content was measured by the protein bind-
ing assay using the cAMP assay kit (Amersham In-
ternational, Buckinghamshire, England) as described by
Uno et al. (28).

Results

The spt3 mutant can not arrest in the G1/Go state
of the cell cycle

[n response to nutrient starvation, cells undergo 1/
Go arrest, or, in the case of a/o diploid cells, they ini-
tiate meiosis/sporulation (4, 21, 7, 16). The bey! mutant,
which produces cAMP-independent protein kinase, is un-
able to arrest in the G1/Go state, and consequently they
are defective in the initiation of meiosis/sporulation (15,
22). To examine the ability of G1/Go arrest and sporu-
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Table 1. Strains used in this study

Jour. Microbiol.

Strain Genotype
FW516 MATo spt3-101 hisd-912 ura3-52
L9 MATo spt3-101 hisd-917 lys2-173R2 trpi-1
AM221-1D MATa ¢rl-1
DE3-32 MATo ¢yrl-2 ura3-52
DE7-11A MATa spt3-101
DE7-11B MATo wra3-52
DE7-11C MATa ¢yrl-2 wra3-52
DE7-11D MATa orl-2 spt3-101
DE60-8A MATa cryl-2 spt3-101 leu2 wra ade8
DE60-8B MATa gyri-2 ura3 ade8
DE17-1A MATa spi3-101 ura3 lew2 trpl
DE17-1B MATo ras2::URA3 ura3
DE17-1C MATa ras2::URA3 wra3 leu2
DE17-1D MAToao wra3 trpl
DE31-9A MATa rasl: HIS3 ras2-125 spt3-101 leu2 wra3 trpl
DE32-10D MATo ras1::HIS3 ras2-125 wra3 trpl ade8
OL86 MATa cdc25-5 leu2 trpl ade2
DE37-1B MATo cdc25-5 hs4-912 trpl
DE37-1D MATo ¢cdc25-5 spt3-101 leu2 ura3 ade2
RAI-1B MATa len2 ura3 trpl ade8 his3
DE33-9A MATo leu2 ura3 trpl ade8 his4-912
HM57-1A MATo ¢yr1-230 rasl::HIS3 leu2 wra3 trpl his3 metd
HM57-2C MATo ¢r1-230 rasi::HIS? leu2 wra3 trpl his3
10-9 MAT o ¢yr1-230 rasi::HIS3 beyl-109 lew2 wra3 trpl his3
MT1-3B MATa beyl-109 leu2 ura3 met3
DE37-7A MATa sp3-101 leu2 trpl ade2
DE66-1B MATa spt3-101 lew2 wra3 trpl adeS hisd-912
DE70-2A MATa beyl-109 spt3-101 leu2 ura3
DE70-8B MATao beyl-109 spt3-101 leu2 ura3
DE-SP-14 MATa len2 ura3 trpl met3 his3/MAT leu2 wra3 trpl his3
DE-SP-21 MATa cyr1-230 rasl:*HIS3 leu2 wra3 trpl met3 his3/MATo ¢yr1-230 rasl::HIS3 beyl-109 len2 wra3 trpl his3
DE-SP-12 MATa ¢yr1-230 rasl::HIS3 beyl-109 lew2 wra3 trpl metd his3/MATa cyr1-230 rasl::HIS3 beyl-109 lew2 ura3 trpl his3
DE-SP-31 MATa cyr1-230 rasl::HIS3 spt3-101 leu2 wra3 trpl his3/MATa ¢yr1-230 rasl::HIS3 spt3-101 leu2 wura3 met3 his3
DE-SP-7 MATa ras2-125 ras1: HIS3 leu2 ura3 trpl ade8 his3/MATw ras2-125 vasl::HIS3 leu2 wra3 trpl ade8 his3
DE-SP-34 MATua ras2-125 rasl::HIS3 boyl-109 leu2 wra3 trpl ade8 his3/MATa ras2-125 rasl: HIS3 boyl-109 leu2 ura3 ade8 his3
DE-SP-51 MATo ras2-125 rasi::HIS3 spt3-101 ura3 trpl his3/MATo ras2-125 rasl::HIS3 spt3-101 leu2 trpl his3
DE-SP-39 MATo spt3-101 wra3 trpl/MATo. spt3-101 leu3 ura3
DE-SP-5 MATa spt3-101 hisd-912 wra3-52/MAT o spt3-101 hisd-912 lys2-173R2 trpl-1
DE-SP-3 MATo beyl-1 wra3 trpl/MATo beyl-1 leul2 wra3 lys2
DE7 MATo spt3-101 hisd-912 ura3-52/MATo cyr1-2 wra3-52
DE17 MATa spt3-101 hisd-912 wra3-52/MATo ras2-125 wra3 leu3 trpl

lation efficiency of the spt3 mutant, the diploids homo-
zygous for the spt3 mutation were constructed by cross-
ing between FW516 and L9 (Table 1). The resultant di-
ploids were incubated in sporulation medium for 3 days,
and then assayed for the proportion of unbudded or
sporulated cells (Table 2). In the culture of wild type di-
ploids, most of cells were arrested in an unbudded state,
and sporulated cells were found in 40% of total cells. In
contrast, the proportion of unbudded cells in the bcyl di-
ploids culture did not increase when compared with that

of the growing phase. The sporulated cells were not
found in at least 1,000 cells observed (Table 2). The pro-
portion of unbudded cells in the spt3 diploid culture was
not increased. Sporulated cells were rarely found (Table
2). These results indicate that the spt3 mutant is de-
fective in the ability of G1 arrest and the initiation of
meiosis in reponse to the nutrient starvation.

The spt3 mutation suppresses the G1/Go arrest
caused by cAMP deprivation
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Tabie 2. G1/Go arrest and sporulation efficiency of spt3 mutant in sporulaton medium

YPE medium SPO medium
Strain Genotype
Unbudded cells(%) Unbudded cells(%) Sporulated cells(%)
DE-SP-14 +/+ 36 97 42
DE-SP-5 L3/ spla 38 45 0.2
DE-SP-3 beyl/beyl 32 37 <0.1

The dipoid cells grown in YPD medium were transferred to SPO medium, and incubated for 3 days. The proportion of unbudded
or sporulated cells was determined under a light microscope.

Table 3. Suppresion of the G1/Go arrest resulted from a partial inactivation of CYRI or RAS? genes by the spt3? mutation

Unbudded cells(%)

Strain Genotype . N T .
Permissive condition Restrictive condition
DE7-11B WT 45 ND
DE6(-8B cyrl-1 49 81
DE6(-8A cyrl-1 spt3-101 =7 36
DE7-11C cyl-2 45 84
DE7-11D ewl-2 spt3-101 48 56
DE32-10D rasl ras2-125 £l 92
DE32-9A rasl ras2-125 spt3-101 43 42
DE37-1B cde25 34 81
DE37-1D cde25 spt3-101 36 41

The temperature-sensitive mutants, cyrI-2, ras2-125, andl cde25, were grown in liquid YPD medium at 25°C (permissive condition)
were transferred to 37°C and incubated for 6 hours. The cyrl-1 mutant was grown a YPD medium containing cAMP, transferred

to cAMP-free medium, and incubated for 12 hours

Fig. 1. Segregation of temperature-sensitive phenotype. The dip-
loid cells heterozygous for ¢wl-2 and spt3 mutations were sporu-
lated and dissected. The six tetrads were incubated in YPD at 37°C
for 2 days. Four patches in row were from one sporulated cell.

The ¢yr1-2 mutant has a heat-labile adenyl cyclase
and arrests in the Gl phase at non-permissive tem-
perature, 37°C (16, 17). The bcyl mutation suppresses
the temperature-sensitive growth of ¢y#1-2 by producing
cAMP-independent protein kinase (15, 22). Since the
results presented above indicate the phenotypes of the
spt3 mutant which resemble those of the bcyl mutants,

we examined whether spt3 suppresses the cAMP re-
quirement for growth of ¢y»1-2 mutant. The spt3 mutant
(FW516) was crossed with cyr1-2 mutant (DE3-32) and
the resultant diplopid was sporulated and dissected. The
obtained tetrads were incubated at 37°C for 2 days. The
phenotype of temperature sensitive growth was segre-
gated in 2+:2- ratio (Fig. 1).

The deprivation of intraceltular cAMP by cyrl-1, cyrl-
2, rvasl ras2-125(ts), or ¢de25 mutations results in the
G1/Go arrest (11, 16, 19, 6). Since it was found that SPT3
functioned i the G1/Go arrest and the initiation of
meiosis, we examined a possibility that spi3 may
suppress mutations related to the RAS/cAMP pathway.
The spt3 (FW516) mutant was crossed with cyr1-1 (AM
221-1D), cyrl-2 (DE3-32), rasl ras2-125 (HM-14D), or
cde25 (OL86) mutants, and the resultant diploids were
sporulated and dissected. The cyrl-1 spi3, eyrl-1 spt3,
rasl ras2 spt3, and cdc25 spt3 mutants were obtained
from the tetrad analysis, and were determined for the
proportion of unbudded cells under the permissive and
restrictive ccnditions. While the proportion of unbudded
cells in ¢yrl-1, cyrl-2, rasl ras2-125, or cdc25 mutant
cultures was increased up to 90%, the proportion of ¢yri-
1 spt3, cyrl-2 spt3, rasl ras2 spt3, or cdc25 spt? mutant
cultures was not increased under the restrictive con-
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Table 4. Suppression of the sporulation ability of cyr1-230 and ras2- 125 in nutrient rich media by the spt3 mutation

Sporulation effciency(%)

Strain Genotype YPD YPA PO
DE-SP-14 +/+ <0.1 <0.1 40
DE-SP-21 oyr1-230/cyr 1-230 1 15 16
DE-SP-12 orl-230 beyl/cyr1-230 beyl <0.1 <0.1 <0.1
DE-SP-31 orl-230 spt3/cyr1-230 spt3 <0.1 <0.1 <0.1
DE-SP-7 rasl ras2-125/rasl ras2-125 2 39 52

The sporulation efficiency was determined in the cultures that are incubated for 4 days on YPD plate, or for 1 days on YPD and
3 days on YPA, or for one days on YPA and 3 days on SPO plate under a light microscope.

100 - N
.75 52°C 4min
Ez7Z4 37°C 90min/52°C 4min

Viability (%)

RAS2 + + + + +
+ cyrt-2  + cyr1-2 + + + +

SPT3 + +  spt3 spt3  + + spt3  spt3

Fig. 2. Suppression of heat resistancy of ¢w1-2 or ras2 by the spt3
mutation. The exponentially growing cells at 25°C were exposed to
52°C for 4 min or first incubated at 37°C for 90 min and then ex-
posed to 52°C for 4 min. The viability was determined as described
in Materials and Methods.

dition (Table 3).

The spt3 mutation suppresses the sporulation a-
bility and heat resistancy caused by a partial inac-
tivation of RAS or adenylyl cyclase

Mutations in the CYRI and RAS genes, which resulted
in the production of low level of cAMP, result in ini-
tiation of meiosis even in a nutrient-rich media (10, 17).
We examined whether this phonotype is suppressed by
the spt3 mutation. The diploids homozygous for cyrl-
2301, cyr1-230 beyl-109, cyr1-230 spt3, rasl ras2-125,
rasl ras2-125 beyl-109, and rasl ras2-125 spt3 were
constructed (Table 1). The sporulation efficiency of
these diploids on YPD, YPA, and SPO media was de-
termined (Table 4). While the cyr1-230 or rasl ras2-125

diploids were capable of sporulating on the YPD and
YPA media as well as in SPO medium, cyrI-230 beyl-
109, ¢yr1-230 spt3, rasl ras2-125 beyl-109, or rasl ras
2-125 spt3 diploids failed to sporulated in the nutrient
rich medium and in the SPO medium (Table 4). These
results suggest that the spt3 mutation inhibits the ability
of the initiation of meiosis/sporulation that results from
the decrease of cAMP level.

cAMP plays a role as a negative control factor of heat
shock responses: the acquisition of heat resistance, in-
duction of heat shock proteins and transient G1 arrest to
the lethal heat treatment at 57°C for 4 min (26). And
the bcyl mutant cells are sensitive to the lethal heat
treatment, and fail to acquire heat resistancy after mild
heat shock, at 37°C for 90 min (26). Thus heat sen-
sitivity appears to link to the control of cell cycle by
RAS/cAMP-dependent protein kinase (26, 11). Tetrads
obtained from the diploids heterozygous for cyr1-2 and
spt3, or ras2 and spt3 mutations were examined for heat
sensitivity. The c¢yr1-2 or ras2 mutants acquired heat
resistancy at a lethal temperature without a mild tem-
perature pre-heat treatment (Fig. 2). However, the spt3
mutation suppressed heat resistancy of cyrI-2 or ras2
mutants at a lethal temperature (Fig. 2).

The spt3 mutation shows no effect on the cAMP
level and trehalase activity

Since the spt3 mutation suppressed the mutant pheno-
types resulted from the deprivation of intracellular
cAMP, the effect of the spt3 mutation on the cAMP pro-
duction machinery or cAMP-dependent protein kinase
system were examined. Since trehalase is phos-
phorylated and activated by cAMP-dependent protein ki-
nase (27), the intracellular cAMP level and trehalase ac-
tivity were determined for one set of tetrad obtained
from DE7 (¢yr1-2/+, spt3/+). The cyr1-2 mutant pro-
duced low levels of cAMP and trehalase activity at 25°C
and 37°C . The levels of cAMP and trehalase activity in
the cyr1-2 spt3 double mutant were approximately the
same as those of the cyr1-2 mutant at both 25°C and
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Table 5. Intracellular cAMP levels and trehalase activity in a tetrad obtained from diploids (DE7) heterozygous for ¢yr1-2 and spf3 mutations

cAMP content(prol/mg protein)

Trehalase(units/mg protein)

Strains Genotype
25C 37C -ATP, -cAMP +ATP, +cAMP
DE7-11A + pt3-101 2.4 25 2.19 4.68
DE7-11B + + 1.9 2.2 2.85 4.56
DE7-11C eyr1-2+ 05 0.2 0.78 3.34
DE7-11D cryl-2 spt3-101 0.8 0.2 0.69 3.67

The cells grown at 25°C or 37°C were prepared for cAMP binding assay as described (17). An amount of radioactive cAMP
bound to hinding protein was determined in a liquid scitillation spectrophotometer. Trehalase activity was assayed with or without

0.1 mM ATP and 10 uM cAMP.
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Fig. 3. Regulation of SSA1 promoter activity by SPT3 and RAS/
cAMP pathway. The transformants with pLeSSAl-lacZ were
grown to late log phase in SD-Leu medium at 25°C, transferred to
37°C, and incubated for 1 hour. The cells were permeabilized by
chloroform and sodium dodecyl sulfate, and B-galactosidase ac-
tivity was determined as described (15).

37°C . The spt3 mutant produced similar levels of cAMP
and trehalase activity as wild type cells (Table 5). These
results suggest that spt3 does not alter the cAMP pro-
ducton machinery and protein kinase activity.

SPT3 and cAMP are negative regulators of SSAI
gene expression

Synthesis of heat shock proteins (hsp) i1s a conserved
response to environmental stresses that are found in all
organisms (8). Among the proteins whose synthesis is
stress-induced, the family of polypeptides of relative
molecular mass of 70,000 (hsp70s) has been best studied.
Saccharomyces cerevisiae cells contain at least seven genes
encoding hsp70-related proteins (3). The expression of

three genes, SSA1, SSA3, and SSA4, i1s known to be heat-
inducible (3).

The cyr1-2 mutant constitutively synthesizes the heat
shock proteins whose molecular masses are 72KDa and
41KDa (hsp72A, B, and hsp41) at a normal temperature,
and the beyl mutants are defective in the synthesis of
these heat shiock proteins (26). We transformed pLeSSA
1-lacZ plasmid into the mutants to examine the tran-
scriptional expression strength of the SSAI promoter.
Transcriptioral activity of SSAI promoter was induced
not only by heat shock, but also by nitrogen starvation
(Fig. 3). The activity of SSAI promoter was three fold
higher in the ¢yr1-2 transformant than in the wild type
cells at non-induced condition. Interestingly, the spt3 mu-
tant also showed a higher activity of the promoter at the
non-induced condition. The high basal activity of the pro-
moter in the cyr1-2 mutant was suppressed by the heyl
mutation, but was not in spt3 (Fig. 3).

Disscussion

The diploids homozygous for the spt3 mutation were
not arrested in the G1/Go phases in the sporulation medi-
um, which did not contain the nitrogen and fermentable
carbon sources (Table 2). Thus, the sporulation de-
ficiency of spt3 diploids seems to result from the defect
of the G1/Go arrest in response to nutrient limitation.
This phenotype of spt3 resembles that of bcyl which
suppresses cAMP required for growth (15, 11). Further
analysis indicated that the spt3 mutation failed to
suppress the cAMP required for growth of ¢yrI-2 mu-
tant at the restrictive temperature (Fig. 1). However, it
was found that the spf3 mutation suppresses the G1/Go
arrest that resulted from the intracellular cAMP depri-
vation by mutations in the CYRI, RASZ, or CDC25 gene
(Table 3). The spt3 mutation also suppressed the sporu-
lation ability in nutrient rich media and heat resistancy
that resulte¢ from the reduction of intracellular cAMP
level (Table 4, Fig. 2). However, the spt3 mutation does
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not affect an intracellular cAMP level and trehalase ac-
tivity (Table 5). These results suggest that spt3
suppresses the G1/Go arrest and the initiation of meiosis/
sporulation resulting from the mutations of CYRI, RAS?
and CDC25 without altering the machinery for cAMP
production or protein kinase system. Thus, the SPT3
gene product may be related to the regulation of the G1/
Go arrest and the initiation of meiosis by cAMP-de-
pendent protein phosphorylation.

The SSAI gene is a member of the heat-inducible hsp70
gene family (3). An expression of this gene at the nor-
mal growth temperature is derepressed in the cyr1-230
and spt3 mutants (Fig. 3). The derepressed expression of
SSA1 in the ¢yr1-2 mutant was suppressed by the bcyl
mutation, but was not in spt3 mutant (Fig. 3). An
upstream repression site (URS) was found adjacent to
heat shock element (HSE) in the SSA7 promoter (20).
The URS of SSAI caused a repression of basal activity
of SSAI promoter (31). A low level of intracellular
cAMP or spt3 mutation may cause a derepression of SSA1
promoter through URS.

The SPT3 gene was initially identified and charac-
terized as a suppressor of Ty and solo delta insertion mu-
tations (30). Further analysis demonstrated that the SPT: 3
gene is required for the transcription of Ty and mating
pheromone genes, Mfal, Mfo, and Mfa2 (30, 29, 31).
However, a consensus sequence of a DNA binding
domain was not found in the SPT3 gene (31, 25). It was
suggested that the SPI'3 protein interacts with TFIID,
and is involved in transcription of some genes, such as
Ty and mating type genes (2). On this line, the SPT3 pro-
tein may mediate the regulation of the G1/Go arrest and
the initiation of meiosis by cAMP as a transcription con-
trolling factor.

Acknowledge

We thank Dr. Tastuo Ishikawa, Dr. Hyang Sook Yoo,
and Dr. Mary Sugurue for their helpful criticism and
careful reading of the manuscript. Part of this work was
done at the laboratory of Dr. Tastuo Ishikawa at The
Uni- versity of Tokyo.

References

1. Cameron, R.R., E.Y. Loh, and R.W. Davis, 1979. Evi-
dence for transposition of dispersed repetitive DNA fam-
ilies in yeast. Cell 16, 739-751.

2. Eisenman, D.M., K.M. Arndt, S.L. Ricupero, J.W. Roo-
ney, and F. Winston, 1992. SPT3 interact with TFIID to
allow normal transcription in Saccharomyces cerevisiae. Genes
& Devel. 6, 1319-1331.

Jour. Microbiol.

3. Ellwood, M.S. and E.A. Craig, 1984. Differential reg-
ulation of the 70K heat shock gene and related genes in Sac-
charomyces cerevisiae. Mol. Cell Biol. 4, 1454-1459.

4. Esposito, M. and R.E. Esposito, 1974. Genes controlling
meiosis and spore formation in yeast. Genetics 78 215-225.

5. Guarente, L. and M. Ptashne, 1981. Fusion of Escherichia
coli lacZ to the cytochrome c gene of Saccharomyces cerev-
istae. Proc. Natl. Acad. Sci. USA 78, 2199-2203

6. Hartwell, L.H., J. Cloutti, J.R. Pringle, and BJ. Reid,
1974. Genetic control of cell division cycle in yeast; a
model. Science 183, 46-51.

7. lida, H. and 1. Yahara, 1984, Specific early G1 block ac-
companied with stringent response in Saccharomyces cerev-
1siae. Mol. Cell. Biol. 8, 822-827.

8. Ingolia, T.D., M.R. Slater, and E.A. Craig, 1982. Sac-
charomyces cerevisiae contains a complex multigene family
related to the major heat shock-inducible gene of Drosophila.
Mol. Cell Biol. 2, 1388-1398.

9. Ito, H., Y. Fukuda, K. Murata, and A. Kimura, 1983.
Transformation of intact yeast cells treated with alkali cat-
ions. J. Bacteriol. 153, 163-168.

10. Kadaoka, T., D. Broke, and M. Wigler, 1985. DNA se-
quence and characterization of the Saccharomyces cerevisiae
gene encoding adenylate cyclase. Cell 43, 493-505

11. Kadaoka, T., S. Power, C. McGill, O. Fasano, J. Strath-
ern, J. Broach, and M. Wigler, 1984. Genetic analysis of
yeast RASI and RAS2 genes. Cell 37, 437-445.

12. Kassir, T. and G. Simchen, 1976. Regulation of mating
and meiosis in yeast by mating type locus. Genetics 82, 187-
206.

13. MacKay, V.I. and T.R. Manney, 1974. Mutation affecting
sexual conjugation and related processes in Saccharomyces
cerevisiae. Genetics 76, 272-288.

14. Manniatis, T., E.F. Fritsch, and J. Sambrook, 1982.
Molecular Cloning; A Laboratory Mannual. Cold Spring Har-
bor Laboratory, Cold Spring Harbor, N.Y.

15. Matsumoto, K., I. Uno, and T. Ishikawa, 1983. Control
of cell division in Saccharomyces cerevisige mutants defective
in adenylate cyclase and cAMP-dependent protein Kinase.
Exp. Cell. Res. 146, 151-161,

16. Matsumoto, K., I. Uno, Y. Oshima, and T. Ishikawa,
1982. Isolation and characterization of yeast mutants de-
ficient in adenylate cyclase and cAMP-dependent protein ki-
nase. Proc. Natl. Acad. Sci. USA 79, 2355-2359.

17. Matsumoto, K., I. Uno, and T. Ishikawa, 1983. Initiation
of meiosis in yeast mutants defective in adenylate cyclase
and protein kinase. Cell 31, 417-428.

18. Miller J.H., 1972. Experiments in Moleculr Genetics. Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y,

19. Mistuzawa, H., I. Uno, T. Oshima, and T. Ishikawa,
1989. Isolation and characterization of temperature-sen -
sittve mutations in the RAS? and CYRI genes in Sac-
charomyces cerevisiae. Genetics 123, 739-748.



Vol. 34, No. 2

20.

22.

23.

24.

25.

Park, H.O. and E.A. Craig, 1989. Positive and negative re-
gulation of basal expression of a yeast HSP70 gene. Mol.Cell
Biol. 9, 2025-2033.

Pringle, J.R. and L.H. Hartwell, 1981. The Sac-
charomyces cerevisiae cell cycle. In Strathern J.N., E.W.
Jones, and J.R. Broach, (eds). the Molecular Biology of
Yeast; life cycle and inheritance. Cold spring Habor La-
boratory.

Toda, T., S. Cameron, P. Sass, M. Zoller, and M. Wigl-
er, 1987. Three different genes in Saccharomyces cevevisiae
encode the catalytic subunits of the cAMP-dependent pro-
tein kinase. Cell 50, 277-287.

Tsuboi, M., 1983. The isolation and genetic analysis of
sporulation deficient mutants in Saccharomyces cerevisiae.
Mol. Gen. Genet. 191, 17-21.

Sherman, F., G.R. Fink, and J.B. Hicks, 1986, Lab-
oratory course mannual for methods in yeast genetics.
Yeast Genetics. Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y.

Shin, D.Y,, I. Uno, and T. Ishikawa, 1987. Control of the
(:1/Go transition and Go protein synthesis in Saccharomyces
ceremisiae. Cury. Genet. 12, 577-585.

30.

31

Yeast Cell Cycle Control 165

. Shin, D.Y., K. Matsumoto, H. Iida, I. Uno, and T. Ishi-

kawa, 1987. Heat shock response of Saccharomyces cerev-
tsiae  altered in cyclic AMP-dependent
phorylation. Mol. Céll. Biol. 7, 244-250.

protein phos-

. Uno, 1., K. Matsumoto, K. Adachi, and T. Ishikawa,

1983. Genetic and biochemical evidence that trehalase is a
substrate of cAMP-dependent protein kinase in yeast. j.
Biol. Chem. 258, 10867-10872.

28. Uno, 1., K. Matsumoto, and T. Ishikawa, 1983. Charac-

terization of a cyclic nucleotide phosphodiestease-deficient
mutant in ycast. J. Biol. chem. 258, 3539-3545

. Winston, F., D.T. Chaleff, B. Valent, and G.R. Fink,

1984. Mutation affecting Ty-mediated expression of the HIS4
gene of Saccharomyces cerevisiae. Genetics 107, 179-197
Winston, F., K.J. Durbin, and G.R. Fink, 1984. The SPT3
gene is required for normal transcription of Ty element in
Saccharomyces cevevisiae. Cell 39, 675-685.

Winston, F. and P.L. Minehart, 1986. Analysis of the
yeast SPT3 gene and identification of its product, a positive
regulator of Ty transcription. Nucleic Acids Kes. 14, 6885-
6900.



