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Abstract
Myh1 is a DNA glycosylase that is involved in base excision repair after oxidation
damage. It excises mis-incorporated adenine opposite to the lesion 8-oxoG. The human homolog MUTYH, is important in tumour development as mutations in the MUTYH lead to
G: C to T: A transversion mutations in MUTYH hereditary colon cancer. Pst2 (Sin3 homolog) is a scaffold protein and forms a complex with Clr6 Histone deacetylase. Defects in
the complex affect the global function of histone and the Clr6-Pst2 complex is required to
maintain genomic integrity. In this project, Schizosaccharomyces pombe (S.pombe) was used
as a model organism to characterize genetic interaction between myh1 and pst2. We constructed the combined mutant in order to verify the interaction. Here we demonstrate that
there is positive genetic interaction between myh1 and pst2. Furthermore, we looked at the
growth phenotype of myh1 and pst2 mutants at stress conditions by treatment with DNA
damaging agents. We found that the myh1 and pst2 mutants were not sensitive to the oxidizing agent hydrogen peroxide and alkylating agent methyl methanesulphonate. Contrarily, we
observed that the pst2 mutant is sensitive to UV irradiation, which reveals that Pst2 may facilitate nucleotide excision repair. Additionally, we made an attempt to observe the mutation
frequency in the above mutants and to construct the myh1 mutant with deletion in functional
domains. Therefore, positive genetic interaction results suggest that there might be connection between Myh1 and Pst2 in DNA repair and chromatin dynamics co-ordination.
Keywords: Myh1, DNA glycosylase, 8-oxoG, Pst2, Histone deacetylase,
Schizosacharomyces pombe

Cross talk between DNA repair and chromatin modifications
Popular science summary

Karthikraj Natarajan
The integrity of genome is constantly challenged by various endogenous and exogenous agents present in the environment. These damaging agents induce a variety of DNA lesions. DNA damage severely affects the cellular function such as DNA replication and gene
transaction, causing cell cycle arrest, chromosomal aberrations during cell division. To counteract these harmful threats, cells have evolved with sophisticated DNA repair systems to
troubleshoot DNA damage and guard the genome. Failure to repair such lesions leads to mutations, cell death and genomic instability.
DNA is wrapped around histone proteins to form a basic structure called chromatin.
The repeating unit of DNA-histone complex is called nucleosome. Chromatin modification
plays a major role during transcription, DNA repair, chromatin assembly and mitosis. Nucleosome structure hampers the access of proteins during DNA repair, replication and transcription. To overcome this barrier, histone modifying and other chromatin enzymes are involved
in relaxing and tightening the DNA complexes. The recent advancement in the field has revealed the significance of chromatin modifications in the repair of DNA damage.
The goal of the project was to characterize the genetic interaction between myh1 and
pst2. Genetic interaction is the study of how one gene affects phenotype of another gene.
Myh1 is a DNA repair protein that removes mispaired Adenine opposite to the lesion 8OxoGuanine after the oxidative DNA damage. Pst2 is a scaffold protein and it forms a complex with Clr6 Histone deactylase. The significance of this project is that the mutations in
human homolog MUTYH (Myh1) result in hereditary colon cancer. Schizosaccharomyces
pombe (fission yeast) is used as the model organism for the study because it is a simple organism and closer to higher eukaryotic system.
In the initial part of the project, a double mutant (combined mutant of myh1 and pst2)
was constructed to test the genetic interaction. Further, we tested the mutants at stress condition by treating with DNA damaging agents. In addition, mutation frequency test was carried
out to estimate the mutation frequency in the mutants. To identify the biological role of
Myh1, we attempted to create myh1 mutants with deletion in functional domains. Thus the
genetic interaction result between Myh1 and Pst2 takes the project to next level on understanding whether there is any biological role between these proteins linking colon cancer or
not. Future research may reveal the interplay between Myh1 DNA repair and Pst2 Chromatin
modifications.
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8-oxoG
BER
CPD
DDR
FOA
H2O2
HAT
HDAC
HDACi
hygR
kanR
MAP
MMR
MMS
Myh1
NER
Pst2
RNAi
ROS
S.pombe
UV
WT

8-oxo-7,8-dihydroGuanine
Base Excision Repair
Cyclobutane Pyrimidine Dimer
DNA Damage Response
5-Fluoro Ortic Acid
Hydrogen peroxide
Histone Acetyltransferase
Histone Deactylase
Histone Deactylase inhibitor
Hygromycin Resistant marker gene
Kanamycin Resistant marker gene
MutYH Associated Polyposis
MisMatch Repair
Methyl MethaneSulfonate
MutY homolog 1
Nucleotide Excision Repair.
Pombe sin three 2
RNA interference
Reactive Oxygen Species
Schizosaccharomyces pombe
Ultra Violet
Wild Type

1. Introduction
1.1 Aim and Focus
The aim of the project was to characterize genetic interaction between myh1 and pst2.
The significance of this work is to identify the role of myh1 interaction with pst2 because the
human homolog, MUTYH is important in tumour development as mutations in MUTYH cause
colon cancer. Marianna Wiren (former PhD student of Prof.Karl Ekwall’s lab, Karolinska
Institute) found a genetic interaction between myh1 and pst2 (unpublished data), by Highthroughput genetic interaction mapping with different mutants that lack genes of HDAC
complexes (Roguev et al, 2007). Since the experiment was high throughput interaction mapping, there might be chance of false positives in the result, so this work was carried out to
verify genetic interaction between myh1 and pst2.
The following tasks were performed to attain our objective:
 Combined mutant of myh1 and pst2 was created to verify genetic interaction.
 Single and double mutant growth phenotype was observed at basal and stress conditions by treating the cells with DNA damaging agents.
 Myh1 mutant construction was attempted with deletion in functional domains.
 Mutation frequency for single and double mutants was analyzed.
S.pombe was used as the model organism to test the interaction. The study in S.pombe can
help to understand the basic function between these proteins. However, to get the full picture
on the role of these proteins in terms on colon cancer in human then further studies in human
systems are needed.

1.2 DNA repair
1.2.1 DNA damage
Cells are frequently exposed to various endogenous and exogenous agents present in
the environment. The exposure may cause mutagenic effects in the cells by damaging the
DNA. In addition, cells are under attack by cytotoxic agents that can predominately cause cell
death or damage to other macromolecules. To counteract this harmful effect, cells have sophisticated complex DNA damage response systems to maintain the genomic stability. Without these response systems DNA damage can lead to cell death (Hoeijmakers, 2001; Jackson
and Bartek, 2009). The DNA damage response can activate cell cycle checkpoints, DNA repair, and apoptosis (in multicellular organisms).
1.2.2 DNA damaging agents
DNA is a very important target for mutagens. Mutagens can damage DNA in many
ways such as DNA strand breaks, DNA cross-linking, deletion and translocations. There are
several chemicals used in the lab to study the role of DNA repair proteins and its damaging
effects. For our study, we used three DNA damaging agents: Hydrogen peroxide (H2O2),
Methyl methanesulfonate (MMS) and Ultra Violet irradiation (UV). H2O2 is a reactive oxygen species (ROS) and released as a by-product during cellular metabolism. If oxygen scavengers do not eliminate the ROS, it may cause serious deleterious effects by damaging the
DNA. Since our study is based on an oxidative DNA repair protein, using H2O2 is highly advantageous and it is safe to use in the lab. MMS is an alkylating agent and carcinogen. MMS
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adds alkyl group to the bases or phosphate backbone, especially at N7-deoxyguanine and N3deoxyadenine (Beranek, 1990). DNA damage caused by MMS is repaired by BER pathway
(Lindahl and Wood, 1999). When cells are exposed to UV rays, UV causes, among other lesions, cyclobutane pyrimidine dimers (CPD). CPD’s require NER pathway for the repair
(Clancy, 2008) (Figure 1).

Figure 1 DNA damage by UV. A) CPD formation B) Thymine Base distortion. DNA expose to UV causes Thyimine(violet) dimer formation of covalent bond (red lines) between two thymine bases. Thymine dimer causes
base distortion from phosphate backbone and DNA is restored by NER pathway (Adapted from Clancy, 2008).

1.2.3 DNA repair pathways
DNA damage can be repaired by different pathways based on the type of damage.
There are different types of DNA repair mechanisms such as base excision repair (BER), nucleotide excision repair (NER), mismatch repair (MMR) and homologous recombination
(HR). In base excision repair, glycosylase excises mis-incorporated single bases from the
DNA. Sometimes bases form a dimer and it distorts the DNA helix, Dimers cannot be repaired by BER. The nucleotide excision repair (NER) excises bulky DNA adducts of 5-10bp
nucleotides when cells are frequently exposed to UV (Giglia-Mari et al., 2010, Shuck et al.,
2008). Mismatch repair involves repairing deletions, insertions, and mis-matched bases
formed from DNA replication (Kolodner and Marsischky, 1999). Homologous recombination
repairs is involved in repairing double strand breaks (Sun et al., 1989)
1.2.4 MutY homolog 1 (Myh1)
In fission yeast (S.pombe) Myh1 is homolog of E.coli MutY. It is an oxidative DNA
damage repair protein. It removes the misincorporated adenine paired opposite to the lesion
8-oxo-7,8-dihydroguanine(8-oxoG) (Hübscher and Maga, 2011). When DNA is under oxidative stress, guanine can be converted to 8-oxoG. If the 8-oxoG is mispaired with adenine during DNA replication, Myh1 recognizes adenine paired opposite to the 8-oxoG and excises
adenine by cleaving N-glycosidic bond of the base and deoxy ribose sugar. DNA polymerase
adds the complementary base cytosine opposite to 8-oxoG. 8-oxoG is recognized and removed by another DNA glycosylase ogg1, followed by DNA polymerase adding the complementary base Guanine opposite to the cytosine and ligation by DNA ligase. If the 8-oxoG
lesion is not occur during DNA replication then ogg1 directly recognizes and removes the 8oxoG followed by DNA polymerase adding the complementary base and ligation by DNA
ligase (Figure 2).
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Figure 2 BER pathways for 8-oxoG damage by oxidation stress. When DNA is under oxidative stress, guanine
can be converted to 8-oxoG. If lesion is not occur during DNA replication, ogg11 removes lesion 8-oxoG followed by DNA polymerase adding the complementary base to the strand and ligation by DNA ligase. If 8-oxoG
mispaired with Adenine during replication, Myh1 recognizes and removes adenine paired opposite to the 8oxoG and ogg1 removes the 8-oxoG. DNA polymerase adds complementary base and ligates by DNA ligase.
(Adapted from Hübscher and Maga , 2011)

1.2.5 MUTYH and Colon cancer
An investigation showed that about one third of colon cancer patients disease is a hereditary disorder according to the family history (Canon-Albright et al.,1988; Mitchell et
al.,2005). Human homolog Myh1 gene MUTYH causes predisposition to colorectal cancer
by germ line mutations (Tassan et al., 2002). MUTYH-associated polyposis (MAP) is an
adenoma and carcinoma predisposition syndrome, which is inherited in an autosomal recessive pattern by homozygous or heterozygous mutations in MUTYH genes (Jo et al., 2005;
Sieber et al., 2003; Sampson et al., 2003). In many patients, mutation in MUTYH has shown
increase in G: CT: A transversions, matches the BER by MUTYH for the lesion 8-oxoG.
Some mutations in MUTYH cause functional mutations. Y165C, G382D were the most frequent mutations that have been identified so far (Sampson et al., 2003). Two mis-sense mutations have also been identified at R227, V232, which is located closer to hMSH6 (MutS)
binding domain (Bai et al., 2005).
9

1.3 Chromatin Modifications
1.3.1 Epigenetics
Epigenetics was first coined by the scientist CH Waddington in 1939. The word ‘Epigenetics’ was derived from Greek word Epigenesis, where “Epi” means top. There are several definitions for epigenetics but according to CH Waddington, “Epigenetics is the study of
heritable traits that are not dependent on the primary sequence of DNA” (Waddington, 1939).
Later, the idea of epigenetics was redefined by Ronard Holliday as genetic and developmental defect that cannot be explained by Mendelian laws but it could be explained by DNA methylation (Figure 3) (Holliday, 1987). DNA methylation is not only responsible for epigenetics inheritance. Histone modifications also play a major epigenetic role in determining gene
expression (Figure 3). Epigenetic code hypothesis was proposed to show the great potential
of histone modifications in governing activation and repression of a gene (Turner, 2000;
Turner, 2007). Non-coding RNAs includes microRNAs, smallRNAs and long RNAs, they are
functional and are included in the epigenetic mechanism of regulating gene expression (Mattick et al, 2001)

Figure 3 Epigenetics. Two important epigentics codes are DNA methylation and Histone modifications. DNA
methylation - methyl groups are added to DNA bases that repress the gene expression (M with black circlemethyl group). Histone modifications- addition or removal of modifications at histone tail affects gene expression (green square & red triangle – histone modifications on histone proteins (brown)).
(Adapted from http://www.ncc.go.jp/en/nccri/divisions/14carc/14carc01.html)

1.3.2 Chromatin Structure
In human cells, DNA packing is required to compactly fit the 2 meters long DNA
molecule into 5-8µm. Organization of DNA is accompanied by coiling of DNA around special kinds of proteins to prevent twisted mess. Each chromosome consists of a very long
DNA molecule that is packed around the histone proteins to form a structure called chromatin. The repeating unit of DNA-histones complex is called nucleosome (Oudet et al., 1975).
Histone proteins consist of two heterodimers H2A and H2B, a tetramer that contains two copies of H3 and H4 to form an octomer structure around which DNA is wrapped (Luger et al,
1997). Each nucleosome is separated from the next by a region of linker DNA that is generally 20-30 base pairs long and contains a single H1 histone protein molecule (Thoma, 1979).
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The nucleosome consists of 147 base pairs wrapped around a histone octamer to form a bead
like structure. Nucleosomes are packed to form a compact structure called 30nm fibres
(Thoma, 1979). Furthermore, the fibres undergo folding and form a strong structure called
chromosome (Figure 4). The condensed region of chromatin is called heterochromatin and
genes present in the region are usually repressed. The less compacted region of chromatin is
called euchromatin and it contains active genes.

Figure 4 Chromatin structure and DNA packing. Double helix DNA is wrapped around Histone to form a bead
like structure Nucleosome. Many Nucleosome arranged over others to form a 30nm fibres. 30nm fibres are condensed to form a compact structure called chromosome.
(http://library.thinkquest.org/C004535/chromosomes.html)

1.3.3 Histone Modifications
The histone proteins have N-terminal tail amino acid that protrudes outside of the nucleosome core. These tails are subjected to various post-translational modifications. There are
8 histone modifications have been identified out of 60 types of detected modified residue.
(Kouzarides, 2007). These modifications includes lysine acetylation, lysine and arginine methylation, serine and threonine phosphorylation, lysine ubiqutination and sumoylation (Figure
5) (Vasquero, 2003). Modifications in histone tails may alter the electrostatic charge (acetylation) of the histone leading to structural changes in histones and binding to DNA. Histone
code is hypothesis that predicts that post-translational modification of histone proteins alters
the chromatin structures and facilitates either gene transcription or silencing. The presence of
these modified residues leads to “histone code” hypothesis by Strahl and Allis (2000). Histone modifications also play a pivotal role in chromatin assembly, DNA repair, and mitosis.
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Figure 5 Histone modifications. Post-translational modifications occur at amino tails of histone proteins. Histone modifications play a major role in gene regulation (adapted from Allis et al., 2007)

1.3.4 Histone acetylation & deacetylation

The acetylation and deacetylation occurs at ε-amino groups present in the lysine residues of histone protein and it is associated with transcriptional activity (Allfrey, 1964). These
modifications are the well-studied post-translational modifications. Acetylation is carried out
by addition of acetyl group from acetyl coenzyme A to the lysine of histone tail by special
enzyme called histone acetyltransferase (HAT) (Sterner and Berger, 2000). Acetylation neutralizes basic charge of lysine residue, which reduces the affinity between the DNA and histone proteins (Figure 6). The relaxation of chromatin is believed to facilitate transcription.
Lysine acetylation of highly conserved Histone H3 at amino acid positions 9, 14, 18 and 23,
and H4 lysine 5, 8, 12 and 16 are targeted for acetylation modification (Roth and Allis, 2001).
Deacetylation is the removal of acetyl group from lysine amino tails by an enzyme
histone deactylase (HDAC). The removal of acetyl group increases the affinity between DNA
and histone, therefore promoting tight packing of histone, leading to repression of transcription activity. There are numerous HDAC that have been discovered so far. HDACs are evolutionarily conserved and they are classified into 3 types: Class I, Class II and Class III NAD
dependent (Johnson and Turner, 1999).

Figure 6 Histone Acetylation and Deactylation. Acetylation is carried out by histone acetyltransferase (HAT),
decreases the affinity of histone and DNA, leading to activation of transcription. Deactylation is carried out by
Histone deactylase (HDAC) and increases affinity between DNA and histone by tight packing, leading to repression of transcription activity.
Adapted from the webpage (http://missinglink.ucsf.edu/lm/genes_and_genomes/acetylation.html)
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1.3.5 Pst2
Pst2 (Pombe sin three 2) is a scaffold protein. Pst2 belong to sin3 family of proteins
and it is homologous with human Sin3B. It is associated with Clr6 complex II histone deacetylase (Nicolas et al., 2007). Mutations in Clr6 domain severely affects the fidelity of chromosomal segregation (Grewal et al., 1998). Complex II is not vital and deacetylates histone
on gene coding region (Figure 7) (Nicolas et al., 2007). Complex II guards the function of
chromatin and block antisense transcription (Figure 7) (Nicolas et al., 2007). Complex II also
represses transcription of centromeric region; transcripts are targeted by RNA interference
(RNAi) (Nicolas et al., 2007). Complex II mutants are sensitive to DNA damaging agent
bleomycin that cause double strand breaks and shows fragmentation of long chromosome
into smaller fragments (Nicolas et al.,2007). Moreover, deletion of complex II components
correlates with severe chromosomal defect during cell division. Complex II is necessary to
maintain genomic integrity. Complex I deacetylates histone at promoter regions and it is vital
for viability (Nicolas et al., 2007).

Figure 7 Model of Clr6 complex I and II. Pst2 is associated with complex II. Complex II is involved in protecting DNA from geneotoxic agent (red lightning bolt). Complex II deacetylates histones on the coding region and
repress anti sense transcription (blue arrow). Complex I deactylates at promoter region and it is required for viability (Adapted from Nicolas et al., 2007).

1.3.7 Sin3B
In a recent study, a group has shown that mammalian Sin3B complex physically interacts with tumour suppressor gene P53 and up-regulation of Sin3B upon treatment with
Adriamycin (DNA damaging agent) (Bansal et al., 2011). Another group have shown that
Sin3B is required for cellular senescence (Grandinetti et al., 2009). Cellular senescence is a
phenomenon in which cells stop dividing but remain active. Sin3B is upregulated upon oncogenic stress (Grandinetti et al., 2009).

1.4 Chromatin dynamics and DNA repair
DNA repair and chromatin dynamics co-ordination is very essential to maintain the
epigenome after DNA damage (Groth and Almouzni, 2007).Genomic DNA is packed with
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histone proteins to form a structure called chromatin. The DNA repair complex has to overcome the obstacle of chromatin to gain access to the damaged DNA and lesions sites (Dinant
et al., 2008; Van Attikum and Gasser, 2009, Loizou et al., 2006). These studies have suggested that recruitment of repair protein may be mediate by deposition of histone marks such
as acetylation, methylation, phosphorylation and so on (Murr et al., 2006). Acetylation and
deactylation are well-known modifications affecting the chromatin structure to access the
DNA repair proteins to chromatin (Murr et al., 2006). HAT and HDAC are required to open
and tighten the chromatin during DNA repair. Acetylation and deactylation plays a vital role
in DDR regulation and it changes in higher order chromatin structure (Shogren-Knaak et al.,
2006). Histone H3 and H4 are hyper-acetylated in human cells following UV irradiation that
induce NER (Brand et al., 2001).

1.5 Genetic Interaction
Genetic interaction or epistasis is a phenomenon that shows how one gene affects the
phenotype of second one. It is used to identify the functional relationship between the genes
and their pathways. The study of genetic interaction is improvise by studying systematic and
high throughput interactions mapping in eukaryotic models such as Saccharomyces cerevisiae and S.pombe (Collins et al., 2006). Epistasis or genetic interaction commonly classified
into two types such as Positive genetic interaction and negative genetic interaction. Positive
genetic interaction (alleviating effect) means double mutant phenotype is less severe than any
one of the single mutant. Negative interaction (synthetic sick) means double phenotype is
more severe than any one of the single mutant (Mani et al., 2008).

1.6 Schizosaccharomyces pombe as model organism
S.pombe was isolated from native Africans brews. The word pombe means all kinds
of alcoholic beverages in swahili. It is a unicellular eukaryotic fungus. The S.pombe genome
consists of three chromosomes and size of the genome is 13.8 Mbp. Gene density is lower in
the chromosome III (one gene every 2790 bp) compared to chromosome I and II (one gene
every 2470 bp) (Egel, 2004).
S.pombe is a popular model organism used widely in many labs. The genome of
S.pombe has been fully sequenced. It has a compact genome and it is easy to manipulate
molecularly. The function of cell division and the structure of centromeres and telomere resemble those of higher organisms. It is particularly influential in the study of cell cycle and
chromosome dynamics (Forsburg, 2006). It has been also used to study genome wide chromatin modifications because of its compact genome.

2. Material and Methods
2.1 Yeast S.pombe strains and medium
The yeast strains used in this study are wild type (h- mating type), myh1Δ (h+,
myh1::KanMX4, ade6-216, ura4-D18,leu1-32), pst2Δ ( h+, pst2::KanMx4, ade6-M216, ura4D18, leu1-32). Yeast cells were grown in YES medium (5g of yeast extract, 30g, or 100ml
20% glucose, 0.7g of amino acid mix per litre). For crossing mutants, minimal media PMG
was used.(3g of KH Phthalate, 2.2g of Na2HPo4, 5g of NH4Cl, 0.7g of amino acid mix, 3.74g
of glutamic acid, 30g or 100ml 20% glucose, 20ml of salt (50X), 0.1ml of mineral(10,000X),
1ml of vitamins (1000X)). For Mutation frequency analysis, minimal media EMM was used.
(1.5g of KH Phthalate, 1.1g of Na2HPo4, 2.5g of NH4Cl, 10g agar, 2% glucose 50ml, 10ml of
salt (50X), 50µl of mineral(10,000X),500µl of vitamins (1000X), uracil-0.125g, adenine0.56g and leucine-0.56g added with 0.5g 5’fluoroorotic acid dissolved in 250ml of H2O)
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2.2 Double mutant construction
2.2.1 Marker switching
HphMX6 (hygromycin antibiotic marker cassette gene) fragment was amplified from
PTEF promoter of pFA6a plasmid. PCR product was amplified by using MX6cassUP (5’GACATGGAGGCCCAGAATAC-3’) and MX6cassDwn (5’TGGATGGCGGCGATTAGT
ATC-3’) (Hentges et al, 2005). PCR mixture for 1X reaction-(PCR buffer (10X):10µl,
dNTPS (25mM): 0.4µl, Mx6cassUP:0.3µl, Mx6cassDwn: 0.3µl, Phusion polymerase: 0.5µl,
Plasmid DNA-1µl; H2O: 37.5µl,) PCR product was checked in 1% agarose gel. PCR product
was purified by Qiagen PCR purification protocol as follows: 5 volumes of Buffer PB mixed
with 1 volume of the PCR sample in QIA quick spin column. DNA sample was bound to the
column and centrifuged at 30-40S. Flow through was discarded and 0.75ml of PE buffer was
added and flow through was discarded. 30µl sterile H2O or elution buffer was added to the
column and eluted. Eluted DNA was quantified using Nanodrop and checked in 1% agarose
gel (Figure 8).
2.2.2 Electroporation
myh1Δ strain was grown in exponential phase (5X106cells/ml). Culture was centrifuged at 2500rpm, 4°C for 5 minutes and kept in ice. Supernatant was discarded and suspended in 20 ml PBS solution. Centrifuge step was repeated and supernatant was discarded.
Pellet was re-suspended in 1.2M Sorbitol and centrifuged. Pellet was washed three times by
1.2Msorbitol. 200µl of cell suspension was added to tube containing 1µg of amplified MX4
hygB. Suspension was electroporated at 2250V in 0.2mm dry cuvettes. Electroporated suspension was transferred to tube with 1ml sorbitol on ice. 200 µl and 400µl of suspension
plated on YES plate and incubated at 30°C until colonies appeared. Colonies were transferred
to YES plate with hygromycin B antibiotics (100mg/ml) by replica plating for selection of
myh1Δ::hyg (Figure 8).
2.2.3 Mating type switching
pst2∆ and myh1∆ have same mating type (h+). To create a double mutant, strains
should have opposite mating type. pst2∆ (h+) was crossed with WT (crossing was done as
mentioned below). Colonies were screened in YES plate with kanamycin (50mg/ml). Incubate at 30°C until colonies appeared. YES plate has both pst2∆ h+ and h- colonies. pst2∆ (h-)
obtained by taking random colonies and crossed with h+ strain for spore formation. Based on
spore formation, mating type of pst2Δ was confirmed (Figure 8).
2.2.4 Crossing
Two strains of myh1∆ and pst2∆ were streaked out in a PMG plate. Two strains were
mixed well with 30 µl of water. PMG plate was incubated for 3 days. After 3 days, small
amount of cells were examined under microscope for spore and asci formation. Loop full of
cells were treated with 500µl filtered glusulase (1:30 diluted) and incubated overnight at
30°C. [Glusulase treatment is essential for killing vegetative cells] Next day, cells were
washed with 500µl of PBS (twice) and resuspended in YES medium. Cells were examined
under microscope and number of spores/ml was calculated. Based on the density, cells were
diluted and plated on the YES plate with kanamycin and hygromycin B antibiotics for selection of double mutant myh1∆ pst2∆ (Figure 8).
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2.3 Treatment with oxidative agent H2O2
For H2O2 sensitivity test, cells were grown in exponential phase in YES medium. The
wild type and mutants were adjusted to same cell density. 10ml of cell culture was treated
with 1mM of H2O2 for 1 hr at 30°C. Cells were centrifuged at 3500 rpm for 10 minutes and
resuspended in YES medium. Cell density was measured before and after the treatment, cells
were placed in 25ml of YES medium and cell density was measured for at 0th, 4th, 8th,24th and
28th hours for growth curve. In parallel to the growth curve measurement, same density of
cells were serially diluted, plated on YES plates, incubated at 30°C for 3 days and phenotypic
variations between the strains were observed.

2.4 Cell survival Assay
Four strains were grown in exponential phase in YES medium. 10ml of cell culture
treated with 1mM of H2O2 for 1 hr at 30°C. Cells were centrifuged at 3500 rpm for 10 minutes and resuspended in YES medium. Cell density was calculated by counting both treated
and untreated cells. From the cell density % of cell survival was calculated.

Figure 8 Flowchart for Double mutant construction. The chosen two single mutants myh1Δ and pst2Δ has same
mating type and same resistant marker gene. To obtain a combined mutant both single mutant should have opposite mating type and different resistant markers. myh1Δ and pst2Δ are resistant to kanamycin. So initially hygromycin resistant marker gene(hygR) was amplified by PCR , Electroporated in myh1Δ strains and screened
the myh1Δ with hygromycin resistant marker gene(left side). myh1Δ and pst2Δ have same mating type h+, so
pst2Δ crossed with WT, screened pst2Δ with mixture of h+and h-. pst2Δ(?mating type ) crossed with myh1Δ and
screened the double mutant myh1Δ pst2Δ.

2.5 Treatment with alkylating agent & UV
Cells were grown in exponential phase in YES medium. Cell density was calculated.
same density of cells was taken in a sterile 96 well plate and make up to 100µl. 5 serial 5fold dilution is enough (YES medium was preferred than H2O for dilution). Pin stamp was
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sterilized by ethanol and dipped into 96 well plates and spotted on YES agar plate. For alkylating treatment, cells were spotted on freshly prepared YES plate with MMS (methyl methane sulfonate) of following concentration 0.003%, 0.006% and 0.009%. For UV irradiation,
cells were spotted on normal YES plate and exposed to UV from the range of 50J/m2 to
250J/m2. Plates were covered by aluminium foil and incubated at 30°C for 3 days.

2.6 Mutation frequency analysis
Four strains (WT, myh1∆, pst2∆ and myh1∆pst2∆) were grown in exponential phase
in YES medium. Cell density was calculated. From each culture, 10 million cells were plated
on EMM agar plates containing 1mg/ml of 5-fluoro-ortic acid (FOA). Colonies were counted
after 5 days of growth. As a control, culture were diluted to 1:1000000 and plated on YES
agar plate at the density of 2500 cells/ml. The mutation frequency calculated as Number of
colonies formed/ Number of cells plated. The experiment was repeated three times for consistent results (Chang et al., 2002).

2.7 Fusion PCR
2.7.1 Three variants of myh1 by deletion
Myh1 was amplified with 80bp upstream and downstream of the gene of size 1535bp.
PCR product was purified with Qiagen PCR purification kit. The purified PCR product was
used as template and amplified to get Myh1 gene with 80bp upstream only. Myh1 with 80bp
upstream sequence was used to generate three variants of Myh1 by deletion. Three variants of
Myh1 gene such as Myh∆S (∆571bp-686bp), Myh∆G (∆988bp-1344bp) and Myh∆C
(∆1382bp-1455bp) of size 1340bp, 1098bp and 1381bp was amplified using unique primers
for each variant (Figure 9).
2.7.2 Amplification of myh1 with hygR overlap
myh∆S,myh∆G and myh∆C sequences was used as the template. For each myh1 variants, primer with 16nt of hygromycin resistance marker gene was used to create the hygro
flanking at the 3’ end of myh1. Likewise, hygromycin resistance gene of size 1699bp was
amplified with primer of 16nt of myh1 gene overlap at 5’ end and 80bp downstream of myh1
at 3’end of hygromycin resistance gene (Figure 9).
2.7.3 Joining of myh1 and hygR genes
myh1 gene with 16nt hygromycin overlap and hygromycin resistance gene with myh1
ovelap was generated. Primers were chosen from 80bp upstream and downstream of myh1.
By PCR amplification, myh1 gene and hygromycin gene binds to complementary sequence
and extended by primers from both ends. Thus, myh1 gene was attempted to join with hygromycin resistance gene of size 1340bp, 1098bp and 1381bp (Figure 9).
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Figure 9 Schematic diagram for joining of myh1 and hygR by FUSION PCR1) Three variants of myh1 created by Deletion myh1 was amplified with 80bp upstream and downstream of the gene of size 1535bp. Three
variants of myh1 gene such as myh∆S (∆571bp-686bp), myh∆G (∆988bp-1344bp) and myh∆C (∆1382bp1455bp) of size 1340bp, 1098bp and 1381bp was amplified. 2) Amplification of myh1 with hygR overlap. For
each myh1 variants, 16nt of hygR flanking created at the 3’ end of myh1. Likewise, hygR of size 1699bp was
amplified with primer of 16nt of myh1 gene overlap at 5’ end. 3) Joining of myh1 and hygR gene. Primers
were chosen from 80bp upstream and downstream of myh1. By PCR amplification, myh1 gene and hygromycin
gene binds to complementary sequence and extended by primers from both ends. Thus, myh1 gene was joined
with hygromycin resistance gene of size 3000bp (three variants separately)

3 Results
3.1 Genetic interaction between myh1 and pst2
Recently, Marianna Wiren former PhD student in Prof.Karl Ekwall’s lab has shown
genetic interaction between many genes using high-throughput genetic interaction mapping
(Wiren et al., 2007) and she also has shown genetic interaction between myh1 and pst2 (unpublished data). Based on the above study, we wanted to verify whether there is genetic interaction between myh1 and pst2. To accomplish this, a double mutant myh1∆pst2∆ is required. myh1∆pst2∆ was obtained by genetic cross between single mutant myh1∆ and pst2∆.
S.pombe can be classified into two based on mating type: h+ and h-. The purchased strains
myh1∆ and pst2∆ have same mating type (h+) and selectable marker (kanamycin). The first
step in making the double mutant requires switching of mating type of pst2∆ h+ to h- by
crossing pst2∆ with wild type. Subsequently pst2∆ is selected by antibiotics kanamycin and
pst2∆ colonies consist of a mixture of cells with h+ and h- mating type. For double mutant
selection, two single mutants should have different antiobiotic selectable markers but the two
single myh1∆ and pst2∆ resistant to the same antibiotic, kanamycin. To solve this problem,
the hygromycin resistance gene was amplified by PCR and was integrated into genome of
myh1∆ cells by electroporation. Since both hygromycin and kanamycin resistance marker
genes have same flanking homolog sequence, marker was switched by means of homologous
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recombination (Hentges et al., 2005). The single mutant myh1∆ resistance to hygromycin was
selected by antiobiotic hygromycin. Finally, single mutants myh1∆ (h+) and pst2∆ (h+/hmixture) were crossed. Since the pst2∆ has both mating types, genetic cross was repeated until the double mutant myh1∆pst2∆ was obtained. The double mutant was selected by both hygromycin and kanamycin antibiotics to eliminate single mutant myh1∆ and pst2∆.

Figure 10 Positive genetic interaction between myh1 and pst2.WT, single mutant myh1Δ, pst2Δ and double mutant myh1Δpst2Δ spotted on YES plate. Cells were grown to exponential phase, 5-fold serially diluted, plated on
YES and incubated at 30°C for 3 days. Data represent two independent experiments.

Double mutant and single mutants were grown in exponential phase and same density
of cells was spotted on YES plate at basal conditions with wild type (WT) as control. In the
displayed spotting assay (Figure 10), myh1∆ growth phenotype is similar to wild type.
myh1∆pst2∆ double mutant phenotype is healthier than the single mutant pst2∆. Hence, the
result strongly shows that there is positive genetic interaction between myh1 and pst2.

Figure 11 Growth curve for single and double mutants. Wild type and mutants strains of same density cultured
in 25ml of YES medium and cell density calculated at 0th, 4th, 8th, 24th and 28th hour. At 0th hour cell culture was
washed and cultured in 25ml of YES medium. Data represent two independent experiments.

To confirm the genetic interaction quantitatively, experiments were carried out to obtain growth curves. The doubling time of strains was calculated and the doubling time for
wild type: 2.5hrs, myh1Δ:3 hrs, pst2Δ:4.5 hrs and myh1Δpst2Δ:4 hrs. When the cultured cells
reached log phase, cells were washed and re-cultured in 25ml of YES medium. The growth
curve was plotted by measuring cell density at 0th, 4th, 8th, 24th and 28th hour until the culture
reaches stationery phase due to depletion of nutrient (i.e. 2 time points with same cell density). In the growth curve, as same as spotting assay pst2∆ grows slower than myh1∆pst2∆
(Figure 11). Hence, genetic interaction between myh1 and pst2 was confirmed quantitatively.
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3.2 myh1∆, pst2∆ & myh1∆pst2∆ are not sensitive to H2O2 (oxidizing agent)
Following the genetic interaction result, we sought to determine the phenotype of single and double mutants at stress conditions. Myh1 is involved in BER following oxidative
stress, so we were interested to look at the myh1 phenotype after oxidative damage. After 1 hr
treatment with H2O2, treated and untreated cells were spotted on YES plate. The result (Figure 12) shows that myh1Δ, pst2Δ and myh1Δpst2Δ growth phenotype after H2O2 treatment is
similar to wild type. Hence the result argues that myh1Δ, pst2Δ and myh1Δpst2Δ are not sensitive to H2O2.

Figure 12 myh1Δ, pst2Δ and double mutant myh1Δpst2Δ were not sensitive to H2O2. Cells were grow to exponential phase and treated with 1mM of H2O2 for 1 hr and 5-fold serially diluted, plated on YES and incubated at
30°C for 3 days. Data represents the two independent experiments.

By comparing the spotting assay (Figure 12) to growth curve (Figure 13), the growth
of the strain follows in same trend (WT> myh1Δ> myh1Δpst2Δ>pst2Δ) as expected. The
treated cells were growing slower than untreated cells (Figure 13). Cell density was calculated before and after H2O2 treatment and percentage of cell survival was calculated. Percentage of cell survival was calculated by ratio of number of treated cells to number of untreated
cells. Percentage of cell survival was same for two different doses 1mM and 2mM H2O2. The
result suggests that cell survival for myh1Δ and pst2Δ are dose independent (Figure 14). Cell
survival was calculated with including double mutant, experiments were repeated three times,
and results suggested that percentage of cell survival ranges from 50-80% (Figure 15).
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Figure 13 Growth curve for single and double mutant. Treated cells growing slower than untreated cells.(UTuntreated; T-treated) Treatment with 1mM of H2O2 for WT, myh1Δ, pst2Δ , myh1Δ pst2Δ .After 1hr exposure,
cells were washed and placed in 25 ml of YES medium. The growth curve was plotted in log scale of base 2
from the cell density values. Data represent two individual experiments. (Another experiment – see supplementary figure 20)

Figure 14 myh1Δ, pst2Δ strains were dose independent. WT and mutants strains were exposed to the indicated
dose of H2O2 for 1hr at 30°C. Percentage of cell survival calculated from Treated (T) and Untreated (UT). Data
represented two independent experiments.

21

Figure 15 myh1Δ, pst2Δ, myh1Δ pst2Δ survives from the range of 50-80% of cell population. WT and mutants
strains were exposed to the dose of 1mM H2O2 for 1hr at 30°C. Percentage of cell survival calculated from
Treated (T) and Untreated (UT). Data represents 3 independent experiments .

3.3 myh1∆, pst2∆ &myh1∆pst2∆ were not sensitive to MMS (alkylating agent)
Methyl methane Sulphonate (MMS) is an alkylating agent. Cells exposed to MMS require BER. Wild type, myh1Δ, pst2Δ and myh1Δpst2Δ were exposed to doses 0.003%,
0.006% and 0.009% MMS. The result suggests that myh1Δ, pst2Δ, myh1Δpst2Δ were not sensitive to MMS (Figure 16).

Figure 16 myh1Δ, pst2Δ and double mutant myh1Δpst2Δ were not sensitive to MMS. WT, single mutant myh1Δ,
pst2Δ and double mutant myh1Δpst2Δ were grown in exponential phase and serially diluted 5 fold spotted on
fresh YES plate contains 0.003%, 0.006% and 0.009% MMS, plated on YES and incubated at 30°C for 3 days.
Data represents 4 independent experiments.

3.4 pst2Δ sensitive to UV
From the previous result, the strains were not sensitive to either H2O2 or MMS. We
wanted to look at the growth phenotype of the strains after exposure to UV. Because UV exposure causes dimer formation and it requires Nucleotide excision repair. To look at the phenotypic difference between the strains, myh1Δ, pst2Δ, myh1Δpst2Δ were treated with UV
range from 50J/m2 to 250 J/m2. To compare with untreated (control), the growth of myh1Δ,
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pst2Δ and myh1Δpst2Δ was inversely proportional to the dose (Figure 17). pst2Δ growth is
slower than other strains. Hence results suggest that pst2Δ is sensitive to UV. Sensitivity of
pst2Δ is very clear at 150 J/m2.

Figure 17 pst2Δ sensitive to UV. WT, single mutant myh1Δ, pst2Δ and double mutant myh1Δpst2Δ were grown
in exponential phase, serially diluted 5 fold and spotted on fresh YES plate and exposed to indicate UV doses
and incubated at 30°C for 3 days. Data represents two independent experiments.

3.5 pst2Δ and myh1Δpst2Δ has higher mutation frequency than myh1Δ
Increase in mutation frequency leads to colon cancer in human with mutated
MUTYH. Moreover, our previous experiments showed that myh1Δ was not sensitive to any
of three DNA damaging agents. Because of these interesting and unexpected results, we determined mutation frequency in S.pombe myh1. In the experiment, ura4+ marker gene is used
as the target to measure the spontaneous mutation frequency. The advantage of using ura4+
gene is that it converts 5-Fluoro orotic acid (5-FOA) into toxic product. The strains with
ura4+ gene cannot grow in the plate with 5-FOA. If there is mutation in ura4+ gene then it
becomes resistant to 5-FOA and it can grow in EMM plate with 5-FOA. All 4 strains WT,
myh1Δ, pst2Δ and myh1Δpst2Δ were checked whether it contains ura4+ gene by streaking in
Ura- (PMG plate without Uracil) plate only. The strains with ura4+ gene can grow in the Uraplate. myh1Δ strain did not grow because its lacks ura4+ gene. For this experiment, it is essential to have myh1Δ with ura4+. Therefore, myh1Δ was crossed with WT (contains all
genes) and obtained the myh1Δ with ura4 gene. After obtaining all strains with ura4, mutation frequency analysis was carried out. The same number (107) of cells were plated on EMM
+5-FOA plates and incubated at 30°C for 5 days. After 5 days, colonies were counted (Table
1), (Figure 18). Mutation frequency was calculated by number of colony formed / number of
cells plated (107 cells). The relative mutation frequency was also calculated by ratio of mutation frequency of mutant strains to mutation frequency of WT. The Spontaneous mutation
frequency in myh1Δ is 2-fold higher than that of WT (Table 1: Compare line 1 and 2, Figure
18) whereas higher mutation frequency was observed in single mutant pst2Δ and myh1Δpst2Δ
were 17-fold and 10- fold higher respectively (Table 1, Compare line 1 and line 3; line 1 and
line 4; Figure 18). The results suggest that pst2Δ and myh1Δpst2Δ has higher mutation frequency than myh1Δ.
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Figure 18 Spontaneous mutation frequencies of myh1Δ, pst2Δ and myh1Δpst2Δ. All strains with ura gene used
for the experiment. Cells were grown to log phase and same number of cells (10 7 cells) were plated on 5-FOA
plates and incubated at 30°C. After 5 days, colonies were counted and mutation frequency was calculated. (Mutation frequency=Number of colonies / Number of cells plated (107 cells)). Data represents a single experiment
but the error bars represents the average of two experiments at the same time.

Table 1: Frequency of spontaneous mutation
S.pombe
Mutation
frequency Relative mutation frequency
strains
(FOAR/107 cells)
25
1
WT
45
2
myh1∆
424
17
pst2∆
241
10
myh1∆pst2∆

3.6 Construction of deletion domain myh1ΔS, myh1ΔG and myh1ΔC
One part of the project was to generate deletion mutants of myh1 functional domains
such as myh1ΔS (deletion in substrate binding domain), myh1ΔG (deletion in glycosylase activity domain) and myh1ΔC (C terminal deletion; required for A:8-OXG recognition). These
functional domains are involved in the BER repair. Therefore, generating strains with deletion in these domains can help to understand the significant mechanism of Myh1 protein.
Initially, myh1ΔS, myh1ΔG and myh1ΔC genes were generated by site direct
mutagenesis. To screen the deleted domain strains, hygromycin resistance marker gene
(hygR) need to be joined at the downstream end of myh1ΔS, myh1ΔG and myh1ΔC genes.
The joining of two sequences was carried out into two steps: First, 16nt upstream of hygR
gene was joined at the end of myh1ΔS, myh1ΔG and myh1ΔC genes and likewise 16nt downstream of all three deleted domains gene were joined with hygR generated by PCR. Both the
myh1 deleted domain genes and hygR have complementary sequence to join (Figure 9; Figure 19). Lastly, Fusion PCR was attempted to join the myh1 deleted domain genes with hygR
genes because of the larger sequence (nearly 3000 bp) this experiment was not successful.

24

Figure 19 Construction of myh1 domain deletion. The photographed gel picture shows Lane 1- 100bp DNA
ladder, Lane 2- myh1ΔC with hygR 16nt overlap, Lane 3- myh1ΔS with hygR 16nt overlap, Lane 4- myh1ΔG
with hygR 16nt overlap; Gel 2,Lane 1-100bp DNA ladder, Lane 2- hygR gene

4. Discussion
In the present study, we verified the genetic interaction between myh1 and pst2 by
constructing the double mutant myh1Δpst2Δ. At basal condition, we observed that combined
mutant myh1Δpst2Δ exhibited less severe growth phenotype than single mutant pst2Δ. Hence,
there is positive genetic interaction (alleviating effects) between myh1 and pst2. In other
words, growth defect of pst2 is rescued by myh1. Along with this result, growth curves also
confirmed the alleviating effect by showing that the double mutant myh1Δpst2Δ grows faster
than single mutant pst2Δ. Positive genetic interaction is very interesting because it can help to
further understanding between the functional relationship between the gene products and
their pathways. Genetic interaction was strongly confirmed both qualitatively (spotting assay)
and quantitatively (growth curve). It will be interesting to look at flow cytometry analysis of
cell cycle for myh1Δ, pst2Δ and myh1Δpst2Δ mutants especially based on the interaction result, comparing the cell cycle delay in pst2Δ with the combined mutanmyh1Δpst2Δ.
Genetic interaction result led us to study phenotype of single and combined mutants at
stress condition. Firstly, cells were treated with oxidizing agent H2O2 in the view of Myh1
removes mispaired adenine opposite to the lesion 8-oxG after oxidative damage. Unexpectedly, treatment with H2O2 has no effect on myh1. Along with myh1 other single mutant pst2Δ
and double mutant myh1Δpst2Δ also have no details on growth after oxidative stress. Therefore, the observation indicates a possible explanation that Myh1 may have some other role
than DNA repair. Along these lines, Myh1 is required for Hst4 (HDAC) association at telomeric region to maintain the genomic integrity (Chang et al., 2010). Furthermore, we looked at
the cell killing by H2O2 treatment. Based on series of experiments, we cannot draw any sound
conclusion because the percentage of cell survival was not consistent between experiments.
However, by comparing treated and untreated cells, there was cell killing after treatment. In
an opposing study, a research group has shown that myh1Δ was sensitive at 3mM H2O2 and
dropped to 30% cell survival whereas wild type was 80% cell survival (Chang et al., 2001).
The limitation of our experimental setup is that we cannot differentiate between living cells
and dead cells after the treatment. It was not possible to study the cell viability (i.e., real cell
killing). Recently, we found a better experiment, phloxine dye, which is added to cell culture
after H2O2 treatment. Viable cells are stained pink as a result. Cell density can be calculated
using fluorescent microscope. This experiment can replace the above experiment for a more
accurate result.
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Secondly, we looked at the phenotype of both single and double mutants with alkylating agent methyl methanesulphonate (MMS). As before, single mutant myh1Δ, pst2Δ and
double mutant myh1Δpst2Δ are not sensitive to MMS. Thus, myh1Δ, pst2Δ and myh1Δpst2Δ
show similar phenotype as same as treatment with oxidizing agent H2O2. To add a note, both
of these treatments require base excision repair.
Thirdly, we tried with another DNA damaging agent UV irradiation that require nucleotide excision repair after the treatment. Surprisingly, our result suggested that pst2Δ is
sensitive to UV and it raises question that Pst2 may be involved in NER. If the chromatin is
repressed, then NER is not possible because open chromatin requires NER proteins access
DNA and excise ~5-10 nucleotides.
To scrutinize the above DNA damaging results, one point is clear that myh1Δ growth
phenotype is not sensitive to any of the mentioned DNA damaging agents. We already know
that presence of Myh1 prevents the mutation. Based on our notion, spontaneous mutation frequency analysis was carried out in the same S.pombe strains. A previous research group has
shown that myh1Δ displays 36-fold higher spontaneous mutation frequency than wild type
(Chang et al., 2001). In contrast, our mutation frequency experiment did not show the same
result. It shows only 2 fold mutation frequency in myh1Δ compared to wild type. In addition,
our experiment has shown that mutation rate of pst2Δ and myh1Δpst2Δ were 17-fold and 10fold but this result cannot be trusted since myh1Δ mutation frequency deviates from previous
result. Our data presented here are quite preliminary as the mutation frequency experiment
was done once and no conclusion can be drawn from this result. Certainly, the experiment
should be repeated. As a follow up experiment, cells can treated with H2O2, the mutation frequency observed and compared with spontaneous mutation frequency. This could tell
whether oxidative stress increases the mutation frequency or not.
To find the molecular mechanism between myh1 and pst2 proteins, the generation of
myh1 gene with deletion in function domains namely myh1ΔS (substrate binding), myh1ΔG
(glycosylase activity) and myh1ΔC (C-terminal; 8-oxoG recognition) was attempted. Next,
the three variant single mutants are genetically crossed with pst2Δ to obtain double mutant
myh1ΔS pst2Δ, myh1ΔGpst2Δ and myh1ΔCpst2Δ and their phenotype tested at both basal and
stress conditions. I have tried a lot to create the three variants of single mutant with deletion
domain by fusion PCR but I could not succeed in this task.
Future Directions
Three variants of single mutant with deletion in function domains need to be created
and combined mutant with pst2Δ also needs to be created. The single and combined mutant
growth phenotype can be studied at basal and stress conditions. Mutants with deletion in
functional domains may unravel more details on Myh1 function. This work can be further
extended by constructing the pst2 mutants with deletion in domains PAH1, PAH2, PAH3,
and Pfam (HDAC interacting site). We will have both myh1 and pst2 mutants with deletion at
different domains. High throughput genetic interaction mapping can be carried out by creating different combination of myh1 and pst2 mutants with functional domains deletion. The
experiment may help to understand the biological functions of these proteins. It is especially
interesting to look at Pfam domain, that is whether it is interacting with any of myh1 domains.
In conclusion, our studies demonstrate that there is positive genetic interaction between myh1 and pst2. Based on the above suggestions, future research may provide more details on Myh1 and Pst2 functions.
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6. Supplementary
Growth curve for single and double mutant (Experiment 2)

Figure 20 Growth curve for single and double mutant. Treated cells growing slower than untreated cells. (UTuntreated; T-treated) Treatment with 1mM of H2O2 for WT, myh1Δ, pst2Δ , myh1Δ pst2Δ .After 1hr exposure,
cells were washed and place in 25 ml of YES medium. The growth curve was plotted in log scale of base 2 from
the cell density values .Data represents the two individual experiments.
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