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ABSTRACT

Objective: Ty elements are retroviral-like entities present in the yeast Saccharomyces cerevisiae. Apoptosis is a programmed
cell death mechanism, conserved in all eukaryotes. In this study, we aimed to analyze how apoptotic signals affect the
transcriptions of Ty1 and Ty2 elements in S. cerevisiae.

Materials and Methods: To analyze the effects of apoptotic signals on the transcription of Ty element, Ty1-LacZ, and Ty2-LacZ
gene fusions were used as reporter genes. These gene fusions were transformed into the wild type and certain yeast mutants
that are defective in various signaling pathways. Acetic acid was added to the growth medium of logarithmically growing
yeast transformants to induce apoptosis. Transcription levels of the Ty-lacZ gene fusions were analyzed by B-Galactosidase
assays.

Results: The results of this study show that transcription of Ty1 and Ty2 decreases approximately 3-fold in response to
apoptosis in S. cerevisiae. It appears that apoptosis acts through the transcription factors Tec1p and Sgc1p that associate with
the regulatory region of Ty1 and Ty2. Moreover, AMP-activated protein kinase Snf1p, and to a lesser extent Tor1p, seem to be
required for the transcriptional repression of Ty1 and Ty2 in apoptosis-induced yeast cells.

Conclusion: Ty1 and Ty2 transcription is regulated in response to apoptosis signaling in a differential manner. It seems
that protein kinases Tor1p and Snflp and transcription factors Tec1p and Sgc1p are involved in the apoptosis dependent

regulation of Ty transcription.
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INTRODUCTION

Saccharomyces cerevisiae contains 5 different classes
of retrotransposons, called Ty1-Ty5, in its genome (1).
Transposition of these retrotransposons takes place
via an RNA intermediate (2). Due to their genome or-
ganization and their intracellular propagation pattern,
Ty elements are classified within the pseudovirales
class of virales order (3). Ty1, Ty2, and Ty4 have a similar
genome structure and organization. Ty1 and Ty2 have
334 bp Long Terminal Repeat (LTR) sequences in their
5"and 3’ ends, named as delta elements. Ty1 has 30
copies per genome while Ty2 has about 10 copies per
genome in yeast (1). Apart from full length Ty elements,
the yeast genome contains a large number of solo LTR

sequences. Ty3 and Ty5 have a different genome orga-
nization (1). The genome organization of Ty3 is similar
to the human immunodeficiency virus. It is present as 4
copies per genome. Its LTRs are called sigma elements.
The genome sizes of Ty elements vary from 4 Kbp to 6
Kbp (1). Ty elements encode two overlapping peptides,
named TYA and TYB. These coding regions show struc-
tural and functional homologies to retroviral gag and
pol polypeptides, respectively (4,5). TYB is translated
by programmed ribosomal frameshift mechanisms as a
TYA-TYB fusion protein (6).

Transcription of Ty elements starts at 5’ Delta and ends
at 3’ Delta. Promoter elements of Ty elements are locat-
ed both upstream and downstream of the transcription
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initiation site (7,8). The transcriptional regulatory region of Ty2
is located within the first 750 regions of these elements (8,9).
Regulatory regions of Ty1 encompass much longer regions and
extend up to the first 1800 bp region of Ty1 (10,11). In upstream,
TATA and UAS sequences are located within the first 150 bp re-
gion of Ty1 and Ty2. Unexpectedly, most of the transcription
regulatory sites, such as enhancer elements, downstream re-
pression sites, and cell type-specific transcription factors’ bind-
ing sequences are located within the coding region of Ty1 and
Ty2 (7-11). Both cis-acting regulatory sequences and transcrip-
tional activators that associate with regulatory sites of Ty 1 and
Ty2 have been identified in previous molecular and biochemi-
cal studies (7-11). Ty1 transcription is 10-times lower in diploids
than in haploid yeast cells (12). The transcription of Ty1 is con-
trolled by the heterodimeric repressor factor in diploids (13).

Ty1 is under the control of at least nine different transcription
factors. These are Ste12, Tye7, Tecl, Mcm1, Rap1, Teal/Ibf1,
Gcn4, Gerl and Mot3 (5,13-17). Besides transcription factors,
chromatin-modifying complexes such as Swi/Snf, SAGA and
ISWI are also involved in the regulation of Ty transcription (5).
Transcription of Ty2 is controlled by glucose signaling (17).

Apoptosis is an evolutionary conserved programmed cell death
mechanism that takes place in all eukaryotes (18-20). Different
external and internal signals trigger apoptotic signaling in eu-
karyotes (21,22). Upon activation of apoptosis by one of the sig-
naling pathways, initiator caspases trigger a caspase cascade,
which ends up with the complete destruction of targeted cells
(21,22).

Apoptosis is also defined in the yeast cells. The first time, apop-
tosis-like cellular processes are defined in cdc48 mutants of S.
cerevisiae (23,24). Madeo et al, (1997) found that when starved
for nutrients, cdc48 mutants of S. cerevisiae go through cellular
destruction, similar to apoptotic events in human cells. Later,
it was shown that over-expression of the human Bax gene, a
proapoptotic factor for human cells, also activated apopto-
sis-like cell death in S. pombe (25).

In search of molecular components of apoptotic signaling
pathways in S. cerevisiae, the YCAT gene (also known as Meta-
caspase-1, MCAT) has been identified and its function in S.
cerevisiae apoptosis has been confirmed by genetic analyses
(26,27). Unlike human caspases, yeast caspase Mcalp has a
calcium-dependent cysteine-type endopeptidase activity on
the targeted proteins (28,29). Excess H,0,, acetic acid, osmotic
stress, and certain metal ions are the external activator of apop-
tosis in yeast. Aging, DNA-damaging drugs, expression of heter-
ologous genes such as human Bax, and a-synuclein are known
intracellular effectors that activate apoptosis in S. cerevisiae (30).
Acetic acid is the well-defined activator of the apoptosis in S.
cerevisiae (31,32).

Apoptosis has global effects on the metabolism of eukaryotic
cells. Once the apoptosis is triggered by internal or external sig-
naling, different kinases are activated or repressed. It is known
that protein kinases Tor1p, Snflp, and Gecn2p have significant
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and multiple functions in the nutrient signaling in yeast (33-35).
These protein kinases are also conserved in human cells. Recent
evidence indicates that Tor1p and Snf1p also have a function in
apoptosis (33-35).

Unlike retroviruses, Ty elements cannot leave the yeast cells.
Therefore Ty elements can be considered as mandatory genetic
components of the yeast cells. Ty genomes do not encode any
known transcription or translation regulatory factors. Hence, Ty
viruses are completely dependent on the yeast encoded tran-
scription and translation factor for their genomic propagation. In
this study, we investigated how apoptotic signals affect the tran-
scriptional regulations of Ty1 and Ty2 elements in S. cerevisiae.
Our results indicate that activation of apoptosis in yeast cells re-
sult in significant decreases in Ty1 and Ty2 transcription. We also
show that protein kinases Tor1p and Snf1p were involved in the
apoptosis-dependent repression of Ty1 and Ty2 transcription, al-
beit at the differential level. Effects of Tec1p and Sgc1p were also
analyzed to test if apoptosis operates through these factors to
regulate Ty transcription.

MATERIALS AND METHODS

Yeast Strains and Ty Expression Vectors

S. cerevisiae strains used in this research were purchased from
the EUROSCARF (University of Frankfurt, Germany). Their gen-
otypes and accession numbers for EUROSCARF collection are
given in Table 1. The construction of kanMX deletion mutants
of these strains was explained previously (36). It is known that
these yeast strains do not contain any other mutations in their
genomes other than the indicated ones.

The plasmids Ty1-144-lacZ, Ty2-754-lacZ, p-ENC and Ty2-555-
lacZ are 2 micron-URA3 based, yeast episomal (YEp) type ex-
pression vectors. The Ty2-754-lacZ plasmid contains the first
754 nucleotides of the Ty2 genome fused to E. coli lacZ gene.
It contains all of the regulatory sequences required for the reg-
ulated transcription of Ty2. The Ty2-555-lacZ reporter plasmid
has the same general features except that it does not contain
downstream repression sites for Ty2. p-ENC is also a 2 um-URA3
based expression vector that contains an enhancer region of
Ty2, upstream of the TATA box in the UAS-less His4-lacZ gene
fusion. Structure and constructions of Ty2-lacZ gene fusions
have been published previously (7-9).

Ty1-144-lacZ plasmid is a 2 um-URA3 based, YEp vector and
contains the first 1571 bp region of Ty1 element fused to LacZ
gene. Its whole structure and construction have been explained
previously (10,11). It is known that these yeast expression vec-
tors are stably maintained in the selective growth medium, and
their copy number does not vary in yeast transformants (7).

Growth Conditions and Transformation

Yeast strains were cultured in YPD (yeast extract, peptone, dex-
trose) media for transformations. Transformation of Ty expres-
sion vectors to competent S. cerevisiae strains was done using
the Polyethylene glycol-lithium acetate method as described
previously (37). Yeast transformants were grown in 10 ml of
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Table 1. S. cerevisiae strains and their relevant genotypes used in this research

Yeast Strains’ Lab Code, (relevant mutations)
and EUROSCARF Accession numbers

Genotypes

YST124 (wild type)

MATa hisA1; leu2A0;met15A0;ura3A0

Y00000 (BY4741)

YST155 (tor1A) MATa hisA1; leu2A0;met15A0;ura3A0; YJR66w::kanMX4
Y06864

YST159 (snf1A) MATa hisA1; leu2A0;met15A0;ura3A0; YDR477w::kanMX4
Y14311

YST230 (gcn2A) MATa hisA1; leu2A0;met15A0;ura3A0; YDR283c::kanMX4
Y03642

YST265 (tec1A) MATa hisA1; leu2A0;met15A0;ura3A0; YBRO83w::kanMX4
Y07155

YST289 (sgcT1A) MATa hisA1; leu2A0;met15A0;ura3A0; YOR344c::kanMX4
Y01641

synthetic complete medium without uracil that contains 2%
glucose (Sc-Ura, Dext) in triplicates as described (38). At loga-
rithmic stages, yeast cultures were divided into two aliquots (5
ml each). To induce apoptosis, acetic acid was added to yield 60
mM (pH 3) final concentration to the growth medium of the one
portion (5 ml) of the yeast transformants. Yeast cultures (control
group and apoptosis induced ones) further grown for five hours
at 30°C in an incubator shaker at 150 revolutions per minute. At
the end of growth periods, yeast transformants were harvested
and processed for 8-galactosidase assays.

B-Galactosidase Enzyme Assays

The yeast transformants that were grown with or without ace-
tic acid, harvested at the end of 5 hours of incubation periods,
were spun down with centrifugation at 1000 g for 5 minutes.
Harvested yeast cells washed with 1 ml of sterile distilled wa-
ter and transferred to microfuge tubes and harvested again
by centrifugation at 15,000 g for 1 minute. Yeast pellets were
resuspended in 200 pl of break buffer and stored at -80°C till
enzyme assays. B-galactosidase assays were done essentially
as described by Guarantee (39). In brief, yeast cells, suspend-
ed in break buffer, were permeabilized with 20 pl of chloroform
and 20 pl of 0.1% SDS by vortexing at top speed for 1 minute to
get permeabilized yeast cell suspensions (39). B-galactosidase
assays were done in triplicates using permeabilized yeast cell
suspensions and ONPG as substrate as described (39). Protein
concentrations in permeabilized yeast cells were determined
by the Lowry assay (40). B-galactosidase units are expressed in
nm ONPG cleaved per minute per mg of protein in the permea-
bilized yeast cell suspensions. All assays were repeated at least
twice in triplicates. The number representing p-galactosidase
units in figures are the averages of 9 independent B-galactosi-
dase assays. Standard deviations were less than 10% in all of the
3-galactosidase units given in figures. We have used the T-test
to compare two groups of data (such as wild type versus mu-
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tant, normal growth versus apoptosis conditions). Transcription
units were significantly different (p<0.05).

RESULTS

Effects of Apoptosis Signaling on the Transcription of Ty EI-
ements

We analyzed the effects of apoptosis on two different Ty ele-
ments, Ty1 and Ty2, respectively. Under normal growth condi-
tions, transcription from Ty1-144-LacZ gene fusion yields a high
level of expression (3074 Units), as expected. However, induc-
tion of apoptosis by acetic acid for 5 hours resulted in more than
a 3-fold decrease in Ty1 transcription (Figure 1). Similarly, tran-
scription from the Ty2-754-LacZ reporter gene is also repressed
upon the activation of apoptosis. Transcription from Ty2-754-
LacZ gene fusion is determined as 185 units under normal
growth conditions. Induction of apoptosis by acetic acid result-
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Figure 1. Effects of apoptosis induction on Ty1-144 transcription
in wild type yeast. Error bars indicate the standard deviations
(***p<0.001 compared with untreated control).
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ed in a nearly 3-fold decrease in Ty2 transcription too (Figure 2).
It is known that Ty1 is transcribed at much higher rates than Ty2
(12). It was previously reported that TyT mRNA constitutes about
0.8% of total cellular RNA in yeast (12). Hence, there is a clear
difference between Ty1 and Ty2 transcriptions in normal growth
medium, as seen in Figures 1 and 2. The transcription of both Ty
elements decreases approximately 3-fold by the apoptosis sig-
naling. A p-value which is less than 0.001 (p < 0.001) indicates
that there are statistically significant differences in expression
levels of Ty1 and Ty2 elements compared to untreated control.

250

200

150

100

B-Galactosidase activities

50

Normal Growth Apoptosis Induced

Figure 2. Effects of apoptosis induction on Ty2-754 transcription
in wild type yeast. Error bars indicate the standard deviations
(***p<0.001 compared with untreated control).

Effects of Different Protein Kinases on Ty Transcription in
Apoptosis Induced Cells

Transcription of Ty1 decreased 20-40% in these kinase mutants
in normal growth conditions (Figure 3). But the highest decrease
inTy1 transcription was seen in snfl deletion mutant yeast cells,
indicating that functional Snf1p kinase is essential for optimal
level transcription of Ty1. It has already been shown that Snf1p
is required for Ty transcription (41). Activation of apoptosis by
acetic acid leads to a further decrease in the transcription of
Ty1-144-LacZ gene fusion in this kinase mutant. It seems that
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YST155 (tor1a) YST159 (snf1a) YST230 (gen24) YST124(WT)

Figure 3. Effects of different protein kinases on the Ty1-144-
LacZ transcription in apoptosis induced conditions. Error bars
indicate the standard deviations (¥*p<0.05 compared with
untreated control).
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Figure 4. Effects of different protein kinases on the Ty2-754-
LacZ transcription in apoptosis induced conditions. Error bars
indicate the standard deviations (*p<0.05 compared with
untreated control).

inactivation or degradation of Snf1p in apoptosis-induced cells
results in a nearly 6-fold decrease (from 1824 units to 323 units)
in Ty1 transcription (Figure 4). Ty1 transcription also decreased
approximately 2-fold in apoptosis induced Ator7 and Agcn2
mutants and was reduced down to wild type level expression.
These results indicate that Tor1p and Gen2p are not involved in
the Ty1 transcription when apoptosis-induced, although they
are required for transcription in normal growth conditions. A
p-value which is less than 0.05 (p < 0.05) indicates that there
are statistically significant differences in expression levels of Ty1
compared to untreated control (Figure 3).

We also tested the effects of the above-mentioned kinases if
they were involved in the Ty2 transcription when yeast cells
shifted to apoptotic growth conditions. Interestingly, lack of
Tor1p, Gen2p or Snflp in normal growth conditions did not in-
fluence Ty2 transcription at significant levels. (Figure 4). How-
ever, once apoptosis was induced by adding acetic acid to the
growth medium of these kinase mutants, transcription of Ty2-
754-lacZ gene fusion differentially affected by each mutant.
Transcription of Ty2-754-LacZ in Asnf1 decreased to wild type
level expression in the apoptosis induced yeast cells. It is clear
that transcription of Ty2 in apoptosis-induced Ator7 and Agcn2
mutants are not affected by these mutations as much as in Ty1-
LacZ transcription (Figure 4). A p-value which is less than 0.05
(p < 0.05) indicates that there are statistically significant differ-
ences in expression levels of Ty2 compared to untreated control
(Figure 3).

To see if the apoptosis signaling acts on the transcriptional ac-
tivators that associate with the Ty2 enhancer region, we also
tested the effects of apoptosis signaling on Ty2 enhancer ele-
ment-dependent transcription independent of Ty2 promoter
context. Enhancer element-dependent transcription of a het-
erologous promoter from p-ENC-LacZ expression vector was
analyzed under normal and apoptosis induced growth condi-
tions (Figure 5). In addition, we also tested the effects of apop-
tosis on the Ty2 transcription that contains upstream activation
sequence (UAS) and enhancer elements only as the activator
regions in the native Ty2 promoter context. Ty2-555-LacZ ex-
pression vector is the truncated version of Ty2-754-LacZ vec-
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Figure 5. Analysis of the effects of apoptosis on the Ty2-555 and
Ty2-Enhancer element dependent transcription in the wild type
yeast. Error bars indicate the standard deviations.

Figure 7. Effects of Tec1p and Sgc1p on Ty2-754-LacZ transcription
in apoptosis induced yeast cells. Error bars indicate the standard
deviations (*p<0.05 compared with untreated control).

tor that does not contain a negative regulatory region of Ty2
(7-9). Hence, transcription from Ty2-555-LacZ gene fusion was
much higher than the Ty2-754-LacZ gene fusion that contained
negative regulatory sites for Ty2. As seen in Figure 5, apopto-
sis signaling did not affect transcription from Ty2-555-LacZ nor
p-ENC-LacZ dependent transcription (Figure 5). These results
suggest that apoptosis signaling targets regulatory factors that
associate with the full-length promoter region of Ty2 in its na-
tive context (Figure 5).

Effects of Tec1p and Sgc1p on the Ty1 and Ty2 Transcription
in Apoptosis Induced Cells.

To analyze if Tec1p and Sgc1p were involved in the apoptosis
signaling-dependent repression of Ty1 and Ty2 transcription,
we analyzed the transcription levels of Ty1-144-LacZ and Ty2-
754-LacZ gene fusion in Atecl and Asgc1 mutant strains of S.
cerevisiae (Figures 6 and 7).

When compared to the expression levels of Ty1-144-LacZ gene
fusions in the wild type yeast strains, Ty1 transcription was not
affected by the apoptosis signaling in Atec? and Asgc? mutants.
In other words, it seems that functional Tec1p and Sgc1p were
the targets of apoptosis signaling for repression of Ty1 tran-
scription. Similarly, transcription from Ty2-754-LacZ gene fusion
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Figure 6. Effects of Teclp and Sgclp on Tyl-144-LacZ
transcription in apoptosis induced yeast cells. Error bars indicate
the standard deviations (¥*p<0.05 compared with untreated
control).
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also was not affected by apoptosis signaling in Atec? and Asgc1
mutants. We saw slight increases in Ty2-754-LacZ transcription
in these mutants when apoptosis was induced by acetic acid
(Figure 7).

DISCUSSION

Ty elements have been identified as intracellular mobile genetic
elements of the yeast S. cerevisiae (1). Their genome structures
and intracellular propagation mechanisms resemble retrovirus-
es (2,5). Ty elements do not encode any regulatory factors for
their transcription and translation from their genomes. Hence,
transcription of Ty elements and translation of their mRNA com-
pletely depends on yeast encoded regulatory factors. Regulator
factors that are involved in the transcription of Ty have been
identified previously (5,13-17). It can be expected that the cel-
lular metabolic events that affect gene expression in the yeast
genome should also affect the gene expression in Ty. In accord
with this, it has been shown that glucose signaling, amino acid
starvation, and adenine starvation affects the transcription of
Ty1 and Ty2 (10,17). It is known that the Ty1 transcription is
regulated by a cell type-dependent manner, and repressed sev-
eral-fold by repressor proteins in diploid S. cerevisiae cells (13).
The expression of Ty2 is not affected by a cell type. Nonethe-
less, even though the transcription of Ty1 and Ty2 is activated
or repressed by cellular signals, it is known that the genomic
copy numbers of Ty elements within the yeast genome do not
change drastically during consecutive cell divisions. Several
mechanisms have been proposed for the copy number mainte-
nance for the Ty element (5,42).

Programmed cell death is a global cellular response to various
extracellular and intracellular signals for cell destruction with-
out any cellular artifact (21,22). Molecular mechanisms and bi-
ological functions of apoptosis in multi-cellular organisms have
been studied extensively (21,22). Apoptosis and its function
have also been explained in the yeast S. cerevisiae (23,26,27).
It occurs in response to external chemical stressors, like acetic
acid and hydrogen peroxide in S. cerevisiae (30-33). Apoptosis is
also activated in aging yeast cells (30-33).
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It appears that transcription of Ty1 and Ty2 is also affected by
external apoptosis signaling generated by acetic acid. Our
results indicated that while the levels of transcription show
large differences between Ty1 and Ty2, their transcription was
repressed at about the same levels, by 3-fold, in response to
apoptosis signaling in the wild type S. cerevisiae cells. This re-
sult implies that common regulator factors act on Ty1 and Ty2
promoter for repression of Ty transcription when apoptosis-in-
duced. Several transcription factors are involved in the tran-
scriptional activation of both Ty1 and Ty2. Some of these well-
known transcriptional activators are Gendp, Gerlp, TecTp and
Sgclp (Tye7p). The deletion of GCRT gene has a severe defect
on S. cerevisiae, and its deletion has lethal effects on some yeast
strains (43). Therefore, we could not analyze the effects of Gerlp
on Ty transcription in apoptosis-induced Agcr1 mutant strain.

Transcription factor Gen4p is also involved in transcriptional ac-
tivation of Tyl when amino acid or adenine starvation-induced
(10,11). But, Gen4p is not actively expressed in normal growth
conditions, and its activation requires amino acid or purine star-
vation (10,11). To test the effects of Gendp on the Ty1 and Ty2
transcription in apoptosis induced cells, expression of GCN4
gene must be activated by amino acid or purine starvation. This
type of experimental set up will lead to the application of two
independent stress conditions, apoptosis and amino acid star-
vation, on the same yeast cells, which might result in misleading
evaluations for the effects of Gen4p involvement in apoptosis-in-
duced cells. Therefore, we did not test the effects of Gendp on
Ty1 and Ty2 transcription in apoptosis induced Agcn4 mutants.

Instead, we analyzed the effects of Teclp and Sgcl1p on the
transcription of Ty1 and Ty2 in the wild type and mutant yeast
that is viable under normal growth conditions. Recent evidence
indicates that Tec1p also involves the TOR and other MAPK
signaling pathways (44,45). Ty1 transcription largely depends
on Tec1p (14). Therefore, transcription of Ty1 decreased nearly
6-fold in AtecT mutants strain grown in normal conditions. The
transcript of Ty2 is not affected by Atec]. It was already shown
that Tec1p has no drastic effects on Ty2 transcription (14). But,
when apoptosis-induced by acetic acid, transcription Ty2 also
remained at the same levels. In other words, apoptosis signal-
ing did not affect Ty2 transcription in Atec? mutants (Figure 7).
These results indicated functional Tec1p is one of the targeted
regulatory factors for the Ty1 repression in apoptosis induced
conditions. The effects of Tec1p in apoptosis-induced and unin-
duced cells for Ty2 seems to be more complex than Ty1. First of
all, a lack of functional Tec1p in AtecT mutant did not have any
effects on Ty2 transcription. But, the induction of apoptosis by
acetic acid did not repress Ty2 transcription in this mutant. This
result suggests that although functional Tec1p is not essential
for Ty2 transcription in normal conditions, it is essential for the
repression or downregulation of Ty2 transcription by apoptosis.

Ty promoters contain activator and repressor binding sites in
both upstream and also in downstream of transcription initiation
sites (7-9). We analyzed the effect of apoptosis signaling on the
truncated Ty2 promoter (Ty2-555-LacZ reporter) that contains

only the enhancer region (7,8). Interestingly, our results indicat-
ed that activation of apoptosis signaling did not have any effects
on Ty2 transcription when it contains only the enhancer region.
We also tested the effects of apoptosis signaling on the Ty2 en-
hancer element-dependent transcription when present outside
of the Ty2 promoter. As in the truncated Ty2 promoter, enhancer
element-dependent transcription of a heterologous promoter is
not affected by apoptosis signaling (Figure 5). These results may
indicate that apoptosis signaling targets the regulatory factors
that associate with the negative regulatory region of Ty2 element
that is located within the 555-754 bp region of this element (7,8).

S. cerevisiae has many different protein kinases that share func-
tional and structural homologies to their human counterparts.
Some of these kinases are Tor1p, Snf1p, and Gen2p. These kinas-
es are essential for nutrient signaling in yeasts. They also have
functional roles in the signaling and progression of apoptosis
and autophagy in yeast (34,35,45). The functional involvement
of these kinases in the Ty1 and Ty2 transcription under apop-
tosis induced conditions were analyzed in the mutant yeast
strains that do not have one of these kinases. Our results in-
dicated that Snf1p has a significant function in the basal level
transcription of Ty1 and Ty2 in normal growth conditions since
the transcription of Ty1 and Ty2 decreased significantly in Asnf1
mutants. On the other hand, in apoptosis induced conditions,
only transcription Ty1 further decreased in Asnfl mutant yeast,
showing the functional involvement of Snf1p kinase in Ty1 tran-
scription in apoptosis conditions.

Ty1 and Ty2 transcription affected at the differential manner in
the yeast mutants that do not contain functional Tor1p kinase.
Transcription of Ty2 is not affected by apoptosis signaling in
Ator1 mutation, indicating that Tor1p kinase is involved in the
repression of Ty2 transcription in apoptosis-induced cells. Gen2p
kinase seems to have a moderate level effect on Ty2 transcrip-
tion both in normal and also in apoptosis induced conditions.

CONCLUSION

In this study, we have shown that the transcription of retrovi-
ral-like elements Ty1 and Ty2 was regulated in differential man-
ners when the apoptosis signal was induced by acetic acid. It
seems that protein kinases Tor1p and Snf1p and transcriptional
activators Tec1p and Sgc1p are involved in the repression of Ty1
and Ty2 transcription in apoptosis induced yeast cells.
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