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Glucose Signaling Pathway Regulates the Transcription of Pseudovirus Tyl in the Cell
Type Dependent Manner in Saccharomyces cerevisiae
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Abstract

Transcription of the yeast retrotransposon Ty1 is regulated by a large set of transcription factors and chromatin modifying complexes in
a cell type dependent manner. In this study, we have shown that the transcription of Tyl is activated by low glucose signaling in diploid S.
cerevisiae cells. Growth of diploid yeast cells in low glucose medium lead to at least 3-fold activation of Tyl transcription. Our results
indicated that this activation largely depends on the transcription factor Tuplp. In addition to Tuplp, Snf2p, one of the subunits of chromatin
modifying complex Snf/Swi, is also essential for the regulation of Tyl transcription. Moreover, our results indicated that the transcription of
Tyl in haploid S. cerevisiae cells were not affected by glucose signaling and remained at same levels in high glucose or in low glucose
medium. In tupl mutant diploid yeast cells, transcription of Tyl remained at the basal level and it is not regulated by glucose signaling.
These results indicated that transcription of Tyl is regulated differentially by glucose signaling in a cell type, Tuplp and Snf2p dependent

manner.
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INTRODUCTION

Tyl is one of the retroviral-like elements of the yeast
Saccharomyces cerevisisae [1]. It is present as high copy
element that can be found up to 30 copies per haploid yeast
genome [2]. Tyl propagates via an RNA intermediate using
a similar strategy as vertebrate retroviruses [3]. Ty

elements are re-classified based on their genomic structures.

In the new classification system, Tyl, Ty2, Ty4 and Ty5
are named as “Pseudoviruses” and classified within the
Pseudoviridae family of the Retrovirales order [4].
Pseudovirus Tyl is 5.9 Kbp long and contains 330 bp
terminal repeats on its 5’ and 3’ ends known as delta
elements [5, 6]. Tyl genome encodes 5.7 Kb long single
MRNA molecules with poly-A tail [5, 6]. Transcriptional
regulatory regions of Tyl locate within 5> LTR and also
within the coding region encompassing the first 1500 bp
region of this pseudovirus [7-9]. Tyl genome does not
encode any known transcriptional regulatory factors for
their gene expression. Therefore, transcription of
pseudovirus Tyl is totally dependent on the yeast encoded

transcription factors. Some of these transcription factors are
Gendp, Teclp, Stel2p, Sgclp and Mot3p [8, 10-13]. In
addition to transcriptional activators, chromatin modifying
complexes such as SAGA (Spt-Ada-Genb-Acetylase) and
Snf/Swi are also involved in the regulation of Tyl
transcription [10-12]. In addition, transcription of Tyl is
also regulated by a cell type dependent manner. In diploid S.
cerevisiae cells, transcription of Tyl is regulated by al-o2
heterodimers [7, 13].

Glucose signaling affects a large set of genes in S.
cerevisiae [14]. It is known that approximately 30% of
yeast genes either activated or repressed by glucose [15,
16]. Previously, it was shown that the transcription of Ty2
is activated by high glucose [17, 18]. In the present study,
we have analyzed the effects of glucose signaling on the
transcriptional regulation of Tyl in haploid and diploid
yeasts. Our results indicated that the transcription of Tyl is
differently regulated in haploid and diploid yeasts in
response to glucose signaling by Tuplp and Snf2
dependent manner.
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MATERIALS AND METHODS

Yeast strains and plasmids

The S. cerevisiae strains used in this research are based
on BY4741 (MATa, his341 leu240 metl540 ura340)
genetic back ground. The yeast strain used in this study was
listed in Table 1. Yeast strains was purchased from the
EUROSCARF (University of Frankfurt, Germany) and
used in our research as a standard S. cerevisae strain [19].

The plasmid pTY1A-lacZ is a 2 um-URA3 based
shuttle vector and contains a fusion of the first 1571 bp
region of Tyl element to the E. coli lacZ gene [8, 20]. It is
used as reporter gene fusion to determine the transcriptional
activity of Tyl in different growth conditions as described
[8]. TylA-lacZ gene fusion plasmid was transformed in to
the competent yeast cells as described previously using
lithium acetate method [21]. Yeast transformants were
plated on synthetic complete dextrose medium without
Uracil (Sc-Ura, + 2% glucose). To use in liquid culture
inoculations for B-Galactosidase assay, 9-12 transformant
colonies were randomly selected for pTylA-lacZ plasmid
for each yeast strains and patched on Sc — uracil dextrose
plates. Previously, it was shown that these types of 2
um-URA3 based Ty-lacZ expression vectors are stably
maintained in yeast transformants under selective growth
conditions [22, 23]. Moreover, it is also known that the
B-Galactosidase activities expressed from Ty-lacZ gene
fusions are correlated to native Ty mRNA levels [8, 20, 22,
23].

Table 1. List of S. cerevisiae strains used in this study.

Relevant
mutations

Euroscarf

Access No Genotype

MATa,his3A1; leu2A0; Haploid, wild

Y00000 metl15A0; ura3AO0. type

MATa/o,his3A1/his3Al;
leu2A0/1eu2A0; 1ys2AO/LYS2; Diploid, wild
MET15/met15A0; type

ura3A0/ura3A0.

Y20000

MATa,his3A1; leu2A0;
met15A0; ura3A0, Atupl
YCRO084c::kanMX4

Y07198

MATa/a,his3A1/his3AlL;
leu2A0/1eu2A0; lys2A0/LYS2;
MET15/met15A0;
ura3A0/ura3A0,
YCRO084c::kanM X4/
YCRO084c::kanMX4

Y37198 Atupl/Atupl

MATa,his3A1; leu2AO;
metl15A0; ura3A0, Asnf2
YOR290c::kanM X4

Y01586

MATa/a,his3A1/his3AlL;
leu2A0/1eu2A0; lys2A0/LYS2;
MET15/met15A0;
ura3A0/ura3A0,
YOR290c::kanM X4/
YOR290c::kanMX4

Y31586 Asnf2/Asnf2

Growth Conditions

S. cerevisiae cells were grown in YPD (1% Yeast
Extract, 2% Bacto Peptone, 2% Glucose) medium for
transformation [24]. pTylA-lacZ expression vector was
transformed into wild type and mutant strains that lack

relevant factors to test the effects of various regulatory
factors that involve in the transcriptional regulation of Ty1.
Since the gene expression in Tyl is regulated in a cell type
dependent manner, both haploid (BY4741) and diploid
strains (BY4743) were used in this study [19]. Mutations in
the yeast strains relevant to this study were indicated in
Table 1 and also in table legends.

In order to test the effects of glucose signaling on the
gene expression in Tyl, yeast transformants were
pre-cultured in 10 mL of Sc-Ura medium supplemented
with 2% glucose up to logarithmic stage at 30 C, in an
incubator shaker. Then, 5 mL of yeast culture was
harvested and washed twice with 5 mL of sterile, ice-cold
distilled water. After that, these yeast samples were
resuspended in 5 ml Sc-Ura medium supplemented with
0.05% glucose or with 2% glycerol and 2% lactate, and
further incubated for 4 hours in incubator shaker.

Enzyme assays

Yeast cells were harvested at the end of incubation
periods and washed once with 1 mL of sterile distilled
water and then resusupended in 200 plL of yeast cell
breaking buffer [25]. Yeast stocks were permeabilized with
20 pL of 0.1% SDS and 20 pL of chloroform to obtain
lysates. B-Galactosidase assays were done in triplicates and
repeated at least once under same experimental conditions.
B-Galactosidase units are given in nanomoles of ONPG
cleaved per minute per mg of protein in permeabilized
yeast cells. Protein concentrations in the permeabilized
yeast cell lysates were determined by the Lowry assay as
described [26].

RESULT AND DISCUSSION

Effects of Glucose signaling on the Transcription of
Tyl

Transcription of pseudovirus Tyl is regulated by
different metabolic signals. Previously, it was shown that
the transcription of Tyl is regulated by adenine starvation
[20]. We have previously reported that transcription of Ty2,
closely related to Ty1, is regulated by glucose signaling [17,
18]. Recently, we have also reported that the ribosomal
frameshift efficiency, which involves for the translation of
Gag-Pol fusion protein of Tyl and Ty3, is also regulated by
glucose signaling [17, 27]. Hence we wanted to see if
glucose signaling also affects the transcription of Tyl
elements. Tyl and Ty2 have a similar genetic organization.
Transcription of Ty2 does not depend on the cell types in S.
cerevisiae. Unlike Ty2, transcription of Tyl also depends
on the cell type [7, 18]. It was shown that the transcription
of Tyl is regulated by diploid specific transcription factor
al-a2 heterodimer. Hence the effect of glucose signaling
on Tyl transcription was investigated both in haploid and
also in diploid yeast strains.

Growth of haploid yeast cells in high glucose (2%)
medium resulted in approximately 3000 units of
transcriptional activity in Tyl gene fusion. Shifting of yeast
cells from high glucose to low glucose medium or to the
growth medium that contains glycerol and lactate as sole
carbon sources did not changed the transcription level in
Tyl at significant level, and also resulted in approximately
3000 units of transcriptional activity (Table 2). From these
results, it is clear that glucose signaling does not affect the
transcriptional activity of Tyl in haploid yeast strains. To
see the effects of glucose signaling on Tyl, its
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transcriptional activity was also determined in diploid yeast
cells. Surprisingly, we have shown that the transcription of
Tyl is activated more then 3-fold (from 272 units to 998
units) in diploid yeast cells in low glucose medium (Table
2). It is known that the transcriptional activity of Tyl is a
lot lower in the diploid yeast cells than in the haploids. As
expected, Tyl transcription was measured approximately
300 units in diploid yeast strains. However, transcription of
Tyl activated 2-3 folds in the yeast cells grown in low
glucose or in non-fermentable carbon sources (Table 2).

It is also known that Tyl transcription is regulated by a
large number of transcription factors and chromatin
modifying complexes. These transcription factors are
Gendp, Sgclp (Tye7), Teclp, Mot3p, Stel2p and the
chromatin modifying complexes Snf/Swi and SAGA
complexes [8, 10-12, 28-30]. To see if any one of these
factors involved in the glucose mediated regulation of Tyl
transcription we have analyzed the expression level of
TylA-lacZ gene fusion in mutant strains that lack one of
these factors. We did not see any significant effects from
the lack of Gcndp, Teclp, Sgclp, Stel2p, Mot3p and
Sptllp in glucose signaling dependent regulation of Tyl
transcription (data not shown) either in haploid or in
diploid yeast strains that have deletions for the above
mentioned genes.

Table 2. The Effects of glucose signaling on the
transcription the retroviral-like element Tyl in haploid and
diploid wild type S. cerevisiae cells.

cells. From these results, it is clear that the Tuplp is the
major regulator of Tyl for the glucose signaling dependent
transcriptional regulation in diploid yeast cells.

It was previously reported that Tuplp can function as
the transcriptional activator for different promoters in yeast
[31-33]. It appears that Tuplp is the activator of Tyl when
diploid yeast cells are grown in low glucose medium. The
effect of Tuplp is more drastic in diploids then haploid
yeasts. It might be possible that, in haploid yeasts,
transcription of Tyl largely depends on the Gendp, Mot3p,
Sgclp, Raplp, Teclp and other transcription factors.
Transcription of Tyl is 8-10 folds higher in haploids then
in diploids. On the other hand, when we analyzed the
transcriptional status of Tyl in diploids, it becomes Tuplp
dependent by the effects of al-a2-Tuplp complex. Hence
the lack of Tuplp in diploids yields more pronounced
decrease in Tyl transcription. Tuplp is also involved in the
overall organization of yeast promoters and stabilization of
transcription factors on the promoter regions [32, 33]. It
seems that Tuplp also has a structural role in the Tyl
promoter organization, since Tyl transcription significantly
decreases both in haploid and diploid yeasts and becomes
constitutive with respect to glucose signaling.

Table 3. Tuplp is involved in the cell type dependent
regulation of Tyl transcription in response to low glucose
signaling.

B-Galactosidase activities +SD*
Yeast Cell 2% Glycerol
Types Repressed Derepressed 206 Lactate
Haploid 28774102 31554214 3307306
wild type
Diploid
wild type 272+14 405+5 998+42

*[3-Galactosidase activities are expressed as nmol ONPG/min/mg
of protein
SD: Standard deviations

Tuplp involved in the glucose signaling dependent
regulation of Tyl transcription

It is known that the transcription of Tyl is regulated by
diploid specific regulatory factors al-a2 heterodimers in
diploid yeast cells [7, 13]. al-a2 interacts with Tuplp [31,
32]. It is known that Tuplp also interacts with MCM1 and
Raplp [17, 26]. Hence, we wanted to test the effects of
Tuplp on the glucose dependent regulation of Tyl
transcription in haploid and diploid yeasts. TylA-lacZ gene
fusion was transformed into haploid and diploid isogenic
tupl mutant yeast strains. As shown in Table 2,
transcription of Tyl gene fusion yielded 3000 units of
B-Galactosidase activity in standard growth conditions.
However, while transcription of Tyl is activated by low
glucose signaling in the diploid wild type, its remained
essentially at the same levels (240 units) in low glucose
medium in diploid tupl mutant yeast (Table 3). A similar
pattern of regulation was also obtained from the tupl
mutant haploid yeast strain. Even thought glucose signaling
does not affect Tyl transcription in haploid yeast strains,
Tyl transcription decreased approximately 3-fold (from
3000 units to 900 units) and remained at the same levels
both in high or low glucose medium in haploid tupl
mutants (Table 3). It appears that Tuplp is essential
component for the basal level transcription in haploid yeast

B-Galactosidase activities +SD*
¥§zztsCell Repressed Derepressed ZZZZJGLZCC;ZI
Haploid
Atupl 952436 873+42 874+27
mutant
Diploid
Atupl/Atupl 292+18 248+10 221+18
mutant

*[3-Galactosidase activities are expressed as nmol ONPG/min/mg
of protein

SD: Standard deviations

The effects of Snf2p on the glucose signaling
dependent regulation of Tyl transcription

It is known that the chromatin modifying complexes
SAGA and Snf/Swi regulate the transcription of Tyl [10,
28, 29]. Hence, we wanted to see if these complexes are
involved in the glucose dependent activation of Tyl
transcription. Both the SAGA and Snf/Swi of these
complexes are composed of different subunits [29, 30]. We
have tested the effects of SAGA complex on Tyl by using
the Sptll deletion strain. TylA-lacZ gene fusion was
transformed in to Asptll mutant strain. We did not see any
effects of Sptllp on the low glucose signaling dependent
activation of Tyl transcription (data not shown).

We have tested the effects of Snf/Swi complex on Tyl
transcription using snf2 mutant yeast strain. Snf2p is the
catalytic subunit of the Snf/Swi remodeling complex
[28-30]. Previous reports also indicated that Snf2p involves
in Tyl regulation [28]. TylA-lacZ gene fusion was
transformed into haploid and diploid Asnf2 mutant yeast
strains. As shown in Table 4, transcription from Tyl gene
fusion yielded 1475 units of B-Galactosidase activity in the
haploid Asnf2 mutant yeast. This was approximately 2-fold
lower than the wild type yeast strain, indicating that Snf2p
is essential for the maximal level transcription of Tyl.
Growth of Asnf2 in low glucose medium resulted in a slight
increase in Tyl transcription levels (Table 4).
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However, transcription of Tyl gene fusion in diploid
Asnf2/Asnf2 mutant strain resulted in constitutive, low level
transcription of Tyl regardless of glucose concentrations.
Transcription of Tyl decreased more than 2-fold (from 272
units to 122 units) in this mutant strain when the yeast cells
were grown in high glucose medium (Table 4). Growth of
this mutant in low glucose also resulted in approximately
3-fold lower transcriptional activity (from 405 units to 142
units) in Tyl. These results indicated that chromatin
modifying complex Snf/Swi, but not the SAGA complex, is
involved in the low glucose signaling dependent activation
of Tyl transcription.

Our results clearly indicated that the transcription of the
pseudovirus Tyl is activated by low glucose signaling in a
cell type dependent manner. It is also clear that the
transcription factors Tuplp and Snf2p are essential for
basal level transcription of Tyl in both haploid and also in
diploid yeast cells. Both Tuplp and Snf2p involves in the
regulation of Tyl transcription in response to low glucose
signaling in diploid yeast cells.

Table 4. Snf2p is required for the basal level expression
and also for the glucose dependent regulation of Tyl
transcription.

B-Galactosidase activities +SD*
Yeast Cell Types Repressed Derepressed
Haploid Asnf2 mutant 1475425 1812474
Diploid Asnf2/Asnf2mutant 122+5 142+1

*[3-Galactosidase activities are expressed as nmol ONPG/min/mg
of protein
SD: Standard deviations
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