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A B S T R A C T

Several studies have demonstrated that Ebselen is an anti-inflammatory and anti-oxidative agent.

Contrary to this, studies have also shown a high degree of cellular toxicity associated with Ebselen usage,

the underlying mechanism of which remains less understood. In this study we have attempted to

identify a possible molecular mechanism behind the above by investigating the effects of Ebselen on

Saccharomyces cerevisiae. Significant growth arrest was documented in yeast cells exposed to Ebselen

similar to that seen in presence of DNA damaging agents (including methyl methane sulfonate [MMS]

and hydroxy urea [HU]). Furthermore, mutations in specific lysine residues in the histone H3 tail (H3

K56R) resulted in increased sensitivity of yeast cells to Ebselen presumably due to alterations in post-

translational modifications of histone proteins towards regulating replication and DNA damage repair.

Our findings suggest that Ebselen functions through activation of DNA damage response, alterations in

histone modifications, activation of checkpoint kinase pathway and derepression of ribonucleotide

reductases (DNA repair genes) which to the best of our knowledge is being reported for the first time.

Interestingly subsequent to Ebselen exposure there were changes in global yeast protein expression and

specific histone modifications, identification of which is expected to reveal a fundamental cellular

mechanism underlying the action of Ebselen. Taken together these observations will help to redesign

Ebselen-based therapy in clinical trials.

� 2011 Elsevier Inc. All rights reserved.
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1. Introduction

Ebselen is an anti-oxidant organo-selenium compound with
immunomodulatory effects [1]. It has been described as a
cytoprotective [2,3], cardioprotective [4] and neuroprotective
[5,6] agent with anti-inflammatory therapeutic properties [7].
Ebselen has also been commonly employed in clinical trials as an
antistroke medication. Interestingly Ebselen also possesses anti-
inhibitory effects against apoptosis induced by free radicals. Despite
it is reported anti-oxidative [8] and anti-inflammatory effects [1,9],
high concentration of Ebselen have been shown to be toxic to cells.
This stands exemplified in various studies, including one by Yang
et al. [10] and in another report wherein Ebselen was shown to
induce apoptosis or cell death of HepG2 cells and hybridoma cells
respectively. Additionally, inhibitory effects exerted by Ebselen on
lactate dehydrogenase activity in mammals have also been
documented in a recent in vivo study [11]. Ebselen is also known
to act as a glutathione peroxidase, thus serving as an excellent
* Corresponding author. Tel.: +91 755 4092307; fax: +91 755 4092392.

E-mail address: rst@iiserbhopal.ac.in (R.S. Tomar).

0006-2952/$ – see front matter � 2011 Elsevier Inc. All rights reserved.

doi:10.1016/j.bcp.2011.10.011
scavenger of peroxynitrite [12–14]. The above glutathione peroxi-
dase-like activity of Ebselen mediates inhibition of several enzymes
including cyclooxygenase and lipoxygenases at micromolar con-
centrations [15,16]. From the above observations it does become
evident that despite being a potential therapeutic drug employed in
the treatment of a wide variety of disease symptoms, Ebselen also
impart a lot of toxic effects on the cells. There exists currently a
lacuna in comprehending the mechanisms underlying the toxicity
induced by Ebselen, which definitely mandates bridging.

A diverse range of pharmacological drugs available in the
market are known to function by modulating host epigenetics,
through activation of the cell cycle checkpoint and DNA repair
processes involving transcriptional activation of repair genes
ensuring genetic integrity [17–19]. Host epigenetics encompasses
the study of non-DNA sequence-related heredity and plays a very
critical role in modern medicine due to its potential to delineate
the relationship between an individual’s genetic background, the
environment, aging, and disease processes. Molecular phenomena
involving epigenetic changes do occur on the chromatin, the DNA
complex, DNA associated histone proteins as well as on other
proteins constituting the physiological form of the genome. The
epigenome is dynamic and is responsive to these environmental

http://dx.doi.org/10.1016/j.bcp.2011.10.011
mailto:rst@iiserbhopal.ac.in
http://www.sciencedirect.com/science/journal/00062952
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signals throughout life. It is thus becoming increasingly apparent
that many chemical agents trigger changes in gene expression that
persist even long after exposure has ceased [20–37].

Of significant concern is the fact, that commonly used
pharmaceutical drugs do have the potential to induce persistent
epigenetic changes associated with higher dosage of drugs [38,39].
These epigenetic changes influence signalling pathways culminat-
ing in alterations of transcription factor activity at their respective
gene promoters. These alterations result in pleuripotent effects
including altered expression levels of cell surface receptors,
signalling molecules, and other proteins essential towards altering
genetic regulatory circuits [20,40–45]. Chronic exposure of cells to
pharmaceutical drugs, results in their adaptation (through a
hitherto unknown hypothetical process) to the source only
resulting in more permanent modifications to DNA methylation
and chromatin structure, leading to the total alteration of a given
epigenetic network [46–48]. A probable mechanism by which the
drugs (including Ebselen) exert toxicity (typified as cell growth
arrest) is through modifications in the host cell epigenetic network.
This is of significance given the fact that epigenetic/post-
translational modifications of N-terminal regions of histones
influence multiple cellular processes including replication, tran-
scription, DNA repair, recombination and chromatin assembly.

Given this background and the fact that the mechanisms
underlying Ebselen action is not known (especially in relation to
the host epigenetic network), we had initiated this study to
comprehend the pathways governing the action of Ebselen.
Towards this, we have used wild type and histone tail mutants
of yeast strains and treated them with either known DNA-
damaging agents like methyl methanesulphonate (MMS) or with
varying concentration of Ebselen to analyze their growth pheno-
type. Surprisingly cells treated with Ebselen exhibited phenotypes
similar to the phenotypes observed subsequent to MMS and
hydroxyurea treatments, suggesting that Ebselen induced pheno-
types could also be due to the activation of DNA damage response
pathway. We analyzed the expression of highly inducible
ribonucleotide reductases (DNA repair genes) upon treatment
with Ebselen. We found that Ebselen activates the expression of
these genes similar to the expression observed upon treatment
with the known DNA damaging agent methyl methane sulfonate.
We also checked the level of DNA damage checkpoint kinase target
protein Sml1, which is known to be degraded upon DNA damage.
Interestingly we found degradation of Sml1 upon Ebselen
treatment. Further investigations have revealed that Ebselen
functions through the epigenetic modifications of histones
(specifically histone tails). Our findings also suggest that the
morphological changes in yeast cells, which we have observed
upon Ebselen treatment could serve as a useful indicator in helping
to decide the suitable dose of this drug towards effective treatment
of disease symptoms without drastically impacting the normal
cellular function.
Table 1
List of strains used in this study.

Strain Genotype

W1588-4c MATa ade2-1 can1-

CLY460 MATa ura3-52 leu2

H3(K4,9,14,18,23,27

MSY 421 H3K56R MATa !(hht1-hhf1) 

PY015 Isogenic to PY014; 

PY018 Isogenic to PY014; 

PY052 Isogenic to PY014; 

PY054 Isogenic to PY014; 

PY055 Isogenic to PY014; 

PY058 Isogenic to PY014; 

PY014 WT,MATaade2-1 trp

pMP002 (CEN6 TRP
2. Materials and methods

2.1. Reagents and yeast strains

All the chemical reagents used in this study were purchased
from Sigma–Aldrich India, Merck India, Thermo Scientific India, GE
Healthcare India, Invitrogen India and HiMedia India. DNA
damaging agents including MMS and hydroxyurea (HU) were
purchased from Sigma–Aldrich, India. Ebselen was made in our
laboratory as described and published previously [49]. Ebselen was
dissolved in 100% of DMSO and was used to treat the yeast cells in
liquid as well as solid medium.

2.2. Electrophoresis and Western blotting

Whole cell extracts were made from Ebselen treated cells and
were resolved on SDS-10% PAGE gels, transferred on to nitro
cellulose membrane and subjected to western blot analysis.
Western blotting was carried by following the standard protocol.
Blotting onto nitrocellulose membrane was carried out in transfer
buffer (25 mM Tris, 192 mM glycine (pH 8.3, 10% methanol and
0.01% SDS) overnight at 50 mA, 4 8C using a BioRad wet transfer
apparatus. Blocking was done in blocking solution (2.5% NFDM in
10 mM Tris–HCl, pH 7.5, 150 mM NaCl, 0.1% Tween 20) for 30 min.
Primary and secondary antibody incubations were carried out for
1 h. To study epigenetic changes upon Ebselen treatment,
following antibodies were used: H3K4me1 (Abcam, 8895),
H3K4me2 (Abcam, 32356), H3K27me2 (Abcam, 24684), H3
K27ac (Abcam, 45173), H3K23ac (Abcam, 46982), H3K9Ac (Abcam
69830), H4K16ac (Abcam, 61240), H4K8ac (Abcam, 15823). To
study expression of DNA Damage response genes upon Ebselen
treatment following antibody were used; RNR1 (Agrisera, ASO9
576), RNR2 (Agrisera, ASO9 575), SML1 (Agrisera, AS10 847) and
for control GAPDH (Abcam, 37168). Signals were detected by
chemiluminescence using Fuji gel-dock system. HRP conjugated
secondary antibodies and ECL reagents used were purchased from
GE Healthcare. Dilutions of antibodies were used as per the
instructions provided by the manufacturers.

The yeast strains employed in this study were all laboratory
strains and are listed in Table 1.

2.3. Growth test

To investigate the effect of Ebselen on the growth of yeast cells,
wild-type Saccharomyces cerevisiae yeast strains were inoculated
into YPD (1% yeast extract, 2% peptone, and 2% dextrose) liquid
medium and grown to saturation by incubation of the cultures at
30 8C (with shaking). About 3 ml of the yeast saturated cultures
were serially diluted (10�1, 10�2 and 10�3) in 1.0 ml of sterile
media (YPD). 2–3 ml of each undiluted and diluted culture were
spotted onto plates containing either solid standard YPD medium
100 his3-11,15 leu2-3,112 trp1-1 ura3-1 RAD5 +

-3,112 trp1-289 his3D1 D(hhf1-hht1)(hhf2-hht2) pCL460[CEN TRP1 HHF1 hht1-3

Q)]

!(hht2-hhf2) leu2-3,112 ura3-62 trp1 his3 p(TRP1,CEN,hht2-HHF2) hht2 K56R

carries pMP012 (CEN6 TRP1 hta1D4–20 HTB1), Histone H2A D(4–20)

carries pMP023 (CEN6 TRP1 hta1-K4,7G HTB1), Histone H2A K4, 7G

carries pMP074 (CEN6 TRP1 hta1 D4–8 HTB1), Histone H2A D(4–8)

carries pMP076 (CEN6 TRP1 hta1D12–20 HTB1), Histone H2A D(12–20)

carries pMP077 (CEN6 TRP1 hta1D16–20 HTB1), Histone H2A D(16–20)

carries pMP080 (CEN6 TRP1 hta1 S19A HTB1), Histone H2A S19A

1-1 can1-100 leu2-3,112 his3-11,15 ura3 hta1-htb1::HIS3 hta2 htb2::LEU2 plus

1 HTA1 HTB1)
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or YPD medium incorporated with increasing concentrations of
Ebselen (in the range of 10–100 mM). Plates were incubated at
30 8C and growth of the yeast strains were recorded at periodic
time intervals of 24, 48 and 72 h by scanning the plates using HP
scanner. Yeast cultures obtained by growth of yeast cells in YPD
broth incorporated with DNA-damaging agents (0.01% MMS or
100 mM HU) served as controls. These yeast cultures too were
serially diluted (as above) and plated onto plates containing solid
standard YPD medium and growth patterns were recorded
following incubation of plates at 30 8C.

To assess the effect of Ebselen on the yeast cell epigenetics, both
the wild-type yeast strain and the histone-tail mutants (with
amino acid deletions/substitutions in H2A and amino acid
substitutions in H3 enlisted in Table 1) were grown to saturation
at 30 8C (with shaking) in regular YPD medium. These cultures
were serially diluted and (along with undiluted cultures) were
spotted onto YPD plates incorporated with increasing concentra-
tions of Ebselen (10–100 mM) and photographs of the yeast growth
was taken post 48 h incubation of the plates at 30 8C.

2.4. Microscopy

Wild type yeast strains were grown in regular YPD liquid
medium as above to an absorbance (OD600) of 0.8. These yeast
cultures were either left untreated or were treated with 0.1% DMSO
(controls) or were treated with 100 mM Ebselen. At every 30 min
Fig. 1. Effects of Ebselen on growth of yeast cells are similar to the effects of MMS and H

Ebselen. Yeast strain-WT1588 W303 was spotted on YPD plates containing Ebselen in t

presence of MMS and Hydroxyurea incubated for 72 h.
interval (upto a time point of 120 min) subsequent to the above
treatment, small aliquots of the yeast cultures were placed onto
slides and were visualized under a LEICA DM500 microscope
(installed with the LAS EZ-V1.7.0 software) to record the
morphology of the yeast cells.

2.5. Preparation of protein extracts and electrophoresis

The wild-type yeast strains were inoculated into 250 ml of
regular YPD medium and the cultures were incubated at 30 8C
(with shaking) to reach an absorbance (OD600) of about 1.0. An
aliquot of these yeast cultures (40 ml) was kept aside as an
untreated control. Ebselen was subsequently added to the
remaining yeast culture (to a final concentration of 100 mM)
and 40 ml aliquots as above were taken out at every 5 min interval
(5, 10, 15, 20 and 25 min) subsequent to Ebselen treatment. The
yeast cells thus obtained from both the Ebselen treated and
untreated cultures were washed with water and the cell pellets
were subsequently stored at �80 8C till protein extraction. Protein
extracts were obtained from the frozen yeast cell pellets with 20%
trichloro acetic acid (TCA) by following a standard protocol.

The protein extracts were mixed with equal volume of 2X SDS-
PAGE sample loading buffer (100 mM Tris–HCl (pH 6.8), 200 mM
DTT, 4% SDS, 0.2% bromophenol blue and 20% glycerol), boiled for
5 min and resolved by electrophoresis on a SDS-12% polyacryl-
amide gel. Following electrophoresis the gel was stained with 0.1%
U that causes DNA double strand break. A. Spot test for cells grown in presence of

he range of 10–100 mM concentrations as indicated in the figure. B. Growth test in
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of Coomassie Brilliant Blue stain, destained with 10% solution of
methanol and acetic acid and photographed.

3. Results

3.1. Examination of growth phenotype of yeast cells in the presence of

Ebselen

To examine the growth phenotype of wild-type (WT) yeast cells
in the presence of increasing concentrations of Ebselen, yeast cells
were grown to a saturated phase (OD600 2–3) and serial dilutions
made. A 3 mL of both the diluted and undiluted yeast cultures in
1.0 ml of sterile media (YPD) were sequentially spotted on a series
of plates containing YPD solid medium incorporated with
increasing concentrations of Ebselen (in the range of 10–
100 mM). The yeast culture spotted YPD plates were incubated
at 30 8C for upto 72 h and yeast growth was monitored at 24 h
intervals. Ebselen was found highly toxic to the yeast cells as
shown by the drastic reduction in the growth of the yeast cells with
increasing concentration of the drug (Fig. 1A). Interestingly these
reductions were very comparable with that witnessed following
growth of yeast cells in YPD plates incorporated with known DNA
damaging agents such as Methyl methane sulfonate (0.01%) or
Hydroxyurea (100 mM) (Fig. 1B). Subsequently we examined the
morphology of Ebselen treated yeast cells under a LEICA DM500
microscope. Towards this, yeast cells grown in regular YPD
medium (incorporated with 100 mM Ebselen) were photographed
at different time points (as indicated in Fig. 2). A yeast cell culture
in YPD medium (incorporated with 0.1% DMSO) along with a yeast
culture (in plain YPD medium) were included as controls. With
increasing time of exposure to Ebselen, yeast cells exhibited
characteristic morphological changes including shrinkage in cell
sizes as compared to the controls combined with an obvious
Fig. 2. Ebselen treatment causes shrinkage of cells. Yeast cells were grown in regular YPD

indicated and photographed.
reduction in the number of yeast cells (Fig. 2). This to the best of
our knowledge represents the first documented evidence of the
growth inhibitory effects of Ebselen.

3.2. Ebselen treatment induces alterations in protein expression/

modification

Several reports have indicated the anti-oxidatory potential of
Ebselen in imparting protection against diseases at low concen-
trations [50]. However the effects of Ebselen at higher concentra-
tions on both protein expression and DNA integrity have rather
remained unclear. Towards analyzing the effects of Ebselen on
yeast cytosolic and nuclear proteins, we prepared whole cell
extracts from yeast cells treated with 100 mM of Ebselen for the
specified time points (as indicated in Fig. 3) and analyzed them by
SDS-10% polyacrylamide denaturing gel electrophoresis. Interest-
ingly, a protein band with an approximate molecular weight of
about 40 kDa detected in yeast whole cell extracts obtained from
cells treated with Ebselen (Lane 1, Fig. 3) was repositioned to a
slightly higher molecular weight position (lane 2) following
exposure of yeast cells to 100 mM Ebselen at different time points
(Lanes 2–6, Fig. 3A). It is tempting to speculate that there could be a
possibility for the above interesting phenomenon. The post-
translational modification such as phosphorylation of the 40 kDa
protein band shown by an arrow in Fig. 3A in ‘lane 1’ can cause a
shift of this protein in SDS-PAGE gel (compare lane 1 with lane 2 of
Fig. 3A). Identification of the target 40 kDa protein and its
presumable post-translational modification (resulting in shifting
of band size) is currently under extensive investigation in our
laboratory. This is expected to reveal a fundamental cellular
mechanism underlying the action of Ebselen. We then also
analyzed the integrity of the genomic DNA upon treatment
(Fig. 3B). We observed the fragmentation of genomic DNA upon
 medium in presence of 100 mM concentration of Ebselen, incubated for time points



Fig. 3. Ebselen causes alterations in proteins and DNA: A. SDS-10% polyacrylamide gel electrophoresis for the analysis of proteins extracted from Ebselen treated yeast cells.

Arrow indicates change in protein expression upon treatment with 100 mM concentration of Ebselen. B. Genomic DNA was isolated from Ebselen treated cells and analyzed

on 1.5% agarose gel electrophoresis in Tris Acetic Acid EDTA (TAE) buffer.
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Ebselen treatment. For the analysis of changes in post-translational
modifications in nuclear histone proteins H3 and H4 upon Ebselen
treatment, we did Western blotting (Fig. 4). To our surprise mono
and dimethylation of H3 Lysine 4 has decreased drastically upon
treatment with the Ebselen suggesting that Ebselen function
through alterations in post-translational modifications of histone
proteins.

3.3. Ebselen function through the modulation of histone modifications

and activation of DNA damage response pathway

Finally we were motivated to identify a possible mechanism
behind the Ebselen-induced alterations in yeast cellular morphol-
ogy and protein expression. We hypothesized a probable mecha-
nism through which Ebselen exerts its toxic effect on the yeast cell
growth could lie in its ability to mediate post-translational
modifications of histone tails given its propensity towards altering
cellular epigenetic marks. Towards this we employed yeast strains
(harbouring mutations in the histone tails, including strains with
amino acid deletions/substitutions in H2A and amino acid
substitutions in H3) (Fig. 5) grown to saturation in regular YPD
medium. These cultures were serially diluted and (along with
undiluted cultures) were spotted onto YPD plates containing
increasing concentrations of Ebselen (10–100 mM) and photo-
graphs of the yeast growth taken post 48 h incubation at 30 8C.

Interestingly, as compared to the wild-type control, growth
patterns of the yeast strain MSY421 (harbouring an amino acid
mutation in H3/K56R) alone was noticeably inhibited with
increasing concentrations of Ebselen (Fig. 5). Transient modifica-
tions of tails of histone proteins including acetylation of lysine 56
on histone H3 (H3-K56) have been implicated in regulation of DNA
damage response. Given the finding here that the yeast strain
MSY421 (with alterations in H3-K56 acetylation) displayed
increased sensitivity towards Ebselen akin to the sensitivity of
this strain to other DNA damaging agents like MMS and HU, it is
reasonable to suggest that Ebselen probably functions through
modulation of epigenetic histone modifications. To confirm our
hypothesis further that Ebselen activates DNA damage response,
we analyzed the expression of highly inducible DNA damage
response enzymes (ribonucleotide reductases, RNR) RNR1 and
RNR2 (Fig. 6). We find increased expression of these proteins upon
treatment of cells with the Ebselen. We also observed drastic
decrease in the level of Sml1 (inhibitor of ribonucleotide
reductases) upon Ebselen treatment suggesting that Ebselen
may function through activation of DNA damage response
pathway.

4. Discussion

Ebselen an organo-selenium compound widely employed in
clinical trials is known to possess anti-oxidant properties [51,52].
Through interaction with specific cysteine residues, Ebselen
functions as an inhibitor of a diverse group of enzymes including
mammalian lipoxygenases, glutathione S-transferase and papain.
Despite these well documented observations, the molecular
mechanism behind the action of Ebselen has remained unclear.
From the aforementioned observations it does become clear that
Ebselen similar to a wide range of pharmacological drugs available
in the market possesses the potential to exert toxic side effects.
Exposure of budding yeast cells to DNA damaging agents
(including MMS and HU) triggers breaks in the dsDNA, which in
turn induce cell cycle arrest and transcriptional induction of DNA
repair genes. In fact in our study, we did observed growth arrest of
yeast cells and de-repression (Fig. 6) of DNA repair enzymes
following their exposure to Ebselen indicating its modality of
action to be similar to that of other DNA damaging agents.

Given the fact that a probable mechanism by which pharmaco-
logical drugs exert toxicity (typified as cell growth arrest) is
through modifications in the host cell epigenetic network, we were
motivated to delineate the possible occurrence of a similar



Fig. 5. Tails of histones regulate function of Ebselen: Yeast strains having mutations in

saturation. Cells were serially diluted and spotted on YPD plates containing concentra

photographed after 48 h.

Fig. 4. Ebselen causes alterations in epigenetic modifications in histone proteins: A.

Wild type cells were grown in normal YPD medium in presence of 100 mM of

Ebselen for different time points as indicated in the figure. Whole cell extracts were

made and western blotting was conducted to detect the changes in post-

translational modifications in histone H3 and H4. In control lane, purified core

histones from chicken liver are loaded. Antibodies used for western blotting are

indicated on right side of the figure.
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scenario following exposure of cells to Ebselen too. It is well known
that the host epigenetic network encompasses the chromatin, the
DNA complex, DNA associated histone proteins and other proteins
constituting the physiological form of the genome. Interestingly
studies focusing on the effects of drugs on the host cell epigenetics
have mostly focused on DNA methylation, as a result of which their
possible effects on histone modifications has remained largely
ignored. Histones are known to exert pivotal roles aimed at
regulating the structure and function of transcription genes.
Certain epigenetic modifications of histone proteins have been
shown to be required for the proper regulation of multiple cellular
processes including replication, transcription, DNA repair, recom-
bination and chromatin assembly. A majority of the epigenetic
post-translational modifications (including acetylation, methyla-
tion, etc.) are known to be localized to the tail extensions of the
histones (histone tails). Given the significance of histones and their
specific tail domains in epigenetic modulations, it became
essential for us to decipher the role of the histone tails in
delineating the mechanism by which Ebselen leaves its epigenetic
mark.

Indeed, mutations in specific lysine residues in the histone H3
and H2A tail resulted in increased sensitivity of yeast cells to
Ebselen (H3K56R mutation). This finding is of significance as
acetylation of lysine 56 on histone H3 (H3-K56) has been
implicated in regulating replication and is a process that also
occurs during DNA damage repair [53]. In fact cells with alterations
in H3-K56 acetylation display increased sensitivity towards certain
DNA damaging agents [53,54]. A similar such appreciable
susceptibility of yeast cells (with the H3K56R mutation) to Ebselen
(Fig. 5) and the de-repression of DNA repair genes, ribonucleotide
reductases – RNR, (Fig. 6) helps to suggest that Ebselen may also
function as a DNA-damaging agent through modulation of histone
modifications, which to the best of our knowledge has been
reported for the first time. Treatment of cells with Ebselen causes
the de-repression of the DNA repair enzymes (Fig. 6) probably
through the activation of Mec1-Rad53-Dun1 kinase pathway. It is
known from several studies that DNA damaging agents activate
checkpoint kinase pathway, which causes the de-repression of RNR
genes [55,56]. Activated kinase pathway phosphorylates SML1
[57–59] (inhibitor of RNRs) for the proteasomal degradation of this
protein. We have observed drastic decrease in the level of Sml1
 histone H2A and H3 as indicated in figure were grown in regular YPD medium to

tions of Ebselen in the range of 10–100 mM, incubated at 30 8C temperature and



Fig. 6. Ebselen activates DNA damage response through checkpoint kinase pathway: WT yeast strain was grown in normal YPD medium. When OD reached 0.8, Ebselen

(100uM final concentration) and 0.03% MMS was added and cells were harvested at indicated time points mentioned in minutes. Whole Cell Extracts (WCE) were made in

SDS-PAGE load dye and western blotting was conducted to check the expression of DNA repair enzymes (RNR1 and RNR2) and the inhibitor (SML1) of RNR enzymes upon

Ebselen as well as Methyl methane sulfonate (MMS) treatments. GAPDH western blotting and Coomassie blue staining was done for the loading control.
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proteins probably due to proteasomal degradation upon Ebselen
treatment, which further confirms our hypothesis that Ebselen
activates DNA damage response.

Another interesting finding was the changes in expression of
some proteins (including a protein with molecular weight 40 kDa)
subsequent to Ebselen treatment. Identification of the above and
possible other proteins (whose expression is also altered) is
expected to reveal a fundamental cellular mechanism underlying
the action of Ebselen. An ideal approach towards this would be
performance of a comparative global proteomic screen of yeast
cells following exposure to Ebselen, which should help identify the
candidate protein/s (including possible DNA repair genes) whose
expression is altered following the drug treatment. This combined
with identification of possible additional histone epigenetic
modifications if any subsequent to Ebselen exposure should
definitely provide more valuable insights into the mechanisms
underlying the action of Ebselen. Outcome of these studies may
thus be translated to redesign the Ebselen-based therapy in clinical
trials.
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