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SUMMARY
In eukaryotic cells, the DNA is compacted into a complex structure known as
chromatin. The individual unit of chromatin is the nucleosome, which is composed of
146 bp of DNA wrapped 1,75 times around a protein complex called the core histone
octamer. The octamer is formed oftwo copies each of the histone proteins H2A, H2B,
H3 andH4.
Nucleosomes impose a barrier to transcription that can be overcome in vivo by
remodeling complexes such as Swi/Snf and histone modification complexes such as
SAGA. Mutations in the major core histones relieve transcriptional repression and
bypass the requirement for Swi/Snf and SAGA. It was found that the variant histone
H2A.Z regulates gene transcription. H2A.Z is highly conserved with ~ 90% sequence
identity among different organisms. However, H2A.Z shares only ~ 60% sequence
identity with major H2A, suggesting a unique fonction. H2A.Z histones are essential
for the viability of Tetrahymena, Drosophila, and mice. Research in Drosophila and
in yeast shows that the unique feature of H2A.Z does not reside in its histone fold but
in its carboxy-terminal domain, termed M6, which is essential for the survival of that
organism. Sorne experiments carried out with Saccharomyces cerevisiae have shown
that H2A.Z could regulate transcription and that its function was partially redundant
with certain nucleosome-remodeling complexes.
My project was aimed at identifying a H2A.Z M6 mutant that could confer H2A.Z
loss-of-function. Amino acids 98-108 in yeast H2A.Z M6 region correspond to the
conserved amino acids in Drosophila H2A.Z residues that are essential for its
viability. In this work, after substitution of these amino acids with that of H2A using
site-directed mutagenesis, I identified one mutant M6-G98N that expressed loss-offunction of H2A.Z. We concluded that the M6 region, in particular amino acid 98, is
an important determinant for the special function of H2A.Z in transcription. I next
attempted to identify targets of the H2A.Z C-terminal region that are important for its
fonction in gene transcription. The H2A.Z loss of fonction mutant, M6-G98N, was
used in a complementation assay using a yeast genomic expression library to identify
suppressors of the mutant. Since htzl_ cells were highly sensitive to hydroxyurea,
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we used this reagent for screening functional complementation. I isolated two
suppressors that could rescue the deficiency. After sequencing, the SWIJ and SRF6
genes were identified, respectively. This result suggests that SRF6 was possibly a
target of the H2A.Z C-terminal region in DNA repair and gene transcription.
However, how SRF6 affects the fonction of H2A.Z needs further investigation. SWIJ
is a component of the Swi/Snf complex, which utilizes the energy of ATP hydrolysis
to remodel chromatin structures. I identified SWIJ as a potential functional target of
H2A.Z C-terminal region. This finding supports the special function of H2A.Z in
gene transcription. However, the mechanism on the interaction between SWJJ and
H2A.Z needs to be investigated in the future.
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INTRODUCTION

1. Eukaryotic gene expression
Genes in eukaryotic cells are subject to complex patterns of regulation. It is estimated
that the human genome may contain as many as 20,000 - 25,000 genes that are subject to
complex patterns of regulation that are, as yet, not completely understood (Abdellah et al.,
2004). The pattern of gene expression determines the characteristics of a cell and its role
in the organism. Understanding how gene expression is regulated is important for
understanding diseases such as cancer in which abnormal expression can lead to
uncontrolled cell division and tumor formation.
Eukaryotic cells regulate the expression of their genes largely by determining the rate at
which they are transcribed into mRNA. This can vary greatly with abundant proteins
transcribed at very high rates and rare proteins at much lower rates. Regulation of gene
expression is achieved by the interaction of gene promoters and DNA binding proteins
such as transcription factors. In eukaryotic cells, protein coding genes are all transcribed
by RNA polymerase II. Transcription is initiated by the formation of the transcription
initiation complex (TIC), which involves binding of RNA polymerase II, the Mediator
complex (comprised of coactivators and corepressors) and a number of associated
proteins called basal transcription factors (GTF's; TFII's) to the DNA of the promoter
(Singer et al., 1990). This association of RNA polymerase II with the Mediator complex
and GTF's is defined as the RNA polymerase II holoenzyme.
Typically, core RNA polymerase II has 10 to 12 subunits. It is capable of
DNA-dependent RNA synthesis in vitro, but is incapable of specific promoter recognition
in the absence of additional factors. Yeast RNA polymerase II consists of 12 subunits,
namely Rpbl to Rpb12. The genes encoding the 12 yeast subunits are all required for

normal cell growth. The structure of yeast RNA polymerase II has been solved at 3 A
resolution. Comparison of previously solved structures of prokaryotic RNA polymerase
with the structure of eukaryotic RNA polymerase II reveals that the structures of the core
subunits of these enzymes are relatively similar (Cramer et al., 2000).
The set of basal or General Transcription Factors (GTFs) required for specific promoter
binding by RNA polymerase U in vitro includes TFIIA, TFIIB, TFIID, TFIIE, TFIIF, and
TFIIH (Conaway and Conaway, 1997). TFIID subunit TATA binding protein (TBP)
binds sequence-specifically to the promoter to establish a nucleoprotein recognition site
for polymerase II on the DNA (Dvir et al., 2001). TFIIA fonctions in part by being bound
to TBP and stabilizes the TBP-DNA interaction (Imbalzano et al., 1994). TFIIB interacts
with diverse activators that may serve to recroit TFIIB to promoters (Roberts et al., 1993).
TFIIF has many of the characteristics of a bacterial sigma factor. It is bound tightly to
RNA polymerase II, suppresses nonspecific DNA binding, and stabilizes the preinitiation
complex (Conaway and Conaway, 1993). TFIIE is likely to play arole in the melting of
promoter DNA. TFIIE can bind regions of single stranded DNA, suggestive of a role in
opening or maintaining an open promoter complex (Kuldell and Buratowski, 1997).
Unlike RNA polymerase II and GTFs, Mediator itself is unable to bind a specific DNA
sequence. The purified yeast RNA polymerase II holoenzyme has the capacity to initiate
transcription and respond to activators when supplemented with additional purified
general transcription factors. In contrast, transcription reactions containing highly
purified yeast core RNA polymerase II and GTFs are unresponsive to activators. The
ability of Mediator-containging holoenzymes to respond to activators reflects the
apparent fonctions ofMediator (Lee and Young, 2000). It can transduce bath positive and
negative regulatory information from gene-specific activators and repressors to the core
transcriptional machinery (Woychik and Hampsey, 2002).
All nuclear processes, including transcription, require access to the DNA template despite
the fact that it is complexed with histones and non-histone proteins to form chromatin. A
large body of evidence has indicated that the chromatin structure imposes a repressed
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state upon the genome (Perez-Martin, 1999).
Chromatin is the complex of DNA and pro teins in which the genetic material is packaged
inside the cells of organisms with nuclei. The principal protein components of chromatin
are proteins called histones. Histones are a group of small proteins with molecular masses
of less than 23 kDa. In terms of dry weight they approximately equal to DNA in the
composition of chromatin. At physiological pH they have a basic charge due to the high
frequency of the amino acids lysine and arginine. This basic charge assists their intimate
interactions with the polyanion DNA. Five types of histone are found, namely Hl, H2A,
H2B, H3 and H4. Histones H3 and H4 are among the most conserved proteins known in
evolution. They even have identical sequences in species as far distant as the cow and the
pea. The types of H2A and H2B can be recognized in all eukaryotes, but show
appreciable species-specific variation in sequence. Two copies of the core histone
proteins H2A, H2B, H3 and H4 form the core histone octamer. The core histones are
highly conserved throughout eukaryotic species. The fifth histone, Hl, helps to further
package nucleosomes into 30nm fibers with six nucleosomes per tum in a spiral or
solenoid arrangement (Van Holde et al., 1992; Landsman, 1996; Hayes and Hansen,
2001).
The fondamental subunit of chromatin is the nucleosome (Felsenfeld and Groudine,
2003). Details of histone aJ.Tangement and structure came from crystallographic analysis
of the octamer alone. Analysis at 7 Aresolution was resolved about twenty years ago, and
the high-resolution 2.8 A structure that reveals the details of histone organization was
solved just a few years ago (Luger et al., 1997). Richmond's group has now produced a
further refined structure at a resolution of 1.9 A which shows that the DNA is twisted on
the surface of the histone octamer (Davey et al., 2002). The (H3)2(H4) 2tetramer lays at
the center, with H2A-H2B dimers at the ends of the DNA path. Each of the histones
exhibits a similar polypeptide chain fold, based on a long central a helix, flanked on
both sides by shorter helices and loops that internet with DNA (Arents and Moudrianakis,
1995). Finally, 15-30 residues at the amino termini of all the histones are unstructured
and commonly referred to as "tails".
3

Beyond the nucleosome, there are two more levels of structural packaging. The second
level of packaging is the coiling of the nucleosome beads into a helical structure, the 30
nm fiber that is found in both interphase chromatin and mitotic chromosomes. This
structure increases the packaging ratio, which expresses the degree to which DNA is
condensed, to about 40. The final packaging occurs when the fiber is organized in loops,
scaffolds and domains that give a final packaging ratio of about 1000 in interphase
chromosomes and about 10 000 in mitotic chromosomes (McGhee and Felsenfeld, 1980;
Komberg and Lorch, 1992).
It should be noted that DNA is not always packed into the super-dense chromosome

structures evident during mitotic and meiotic replication. During interphase, while still
highly dense, chromatin is about 1/10 as dense as during cellular replication. This is
important because it is believed that the highly-dense chromatic structure of DNA
sterically inhibits transcription and thus gene expression. In order to get genes expressed,
the chromatin structure must be relaxed so that the transcriptional proteins can gam
access to the DNA molecule.
2. Chromatin remodeling and transcription

The nucleosome creates a barrier for the molecular machinery that needs access to the
information encoded in DNA for gene expression, replication, and recombination. To
facilitate DNA-directed processes in chromatin, it is usually necessary to rearrange or to
mobilize the nucleosomes. The general process of inducing changes in chromatin
structure is called chromatin remodeling (Aalfs and Kingston, 2000).
It is generally believed that nucleosomes must be remodeled at certain regions of a given

gene in order to trigger efficient gene induction. Current views suggest that there are
three classes of chromatin remodeling mechanism. A number of large protein complexes,
which include, for example, the well-studied Swi/Snf complex (Vignali et al., 2000;
Havas et al., 2001; Becker and Harz, 2002) isolated from several eukaryotes, can
remodel nucleosomes in an ATP-dependent manner. The general mechanism by which
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these complexes remodel chromatin is by mechanically altering nucleosome positioning
or mobility (Vignali et al., 2000; Havas et al., 2001; Becker and Horz, 2002). The second
mechanism involves protein factors that chemically modify histone proteins, such as
acetylation,

phosphorylation,

methylation

and

ubiquitination.

Among

these

post-translational modifications, acetylation is the most extensively studied. It involves
the transfer of an acetyl group from the metabolic intermediary acetyl coenzyme A to the
e -amino group of a lysine residue (Vaquero et al., 2003). Acetylation partially

neutralizes the positive charge of the histones, thus decreasing their affinity for DNA
(Hong

et

al.,

1993;

Workrnan

and

Kingston,

1998)

and

further

altering

nucleosome-nucleosome interactions (Fletcher and Hansen, 1996). SAGA and NuA4
multi-subunit complexes are involved in such modifications (Carrozza et al., 2003; Roth
et al., 2001). Both SAGA and NuA4 possess histone acetyltransferase (HAT) activity that

is generally associated with positive gene regulation. The third mechanism involves the
incorporation of histone variants that can presumably create 'specialized' regions of
chromatin allowing it to become more permissive to the process of transcription
(Larochelle and Gaudreau, 2003; Santisteban et al., 2000; Adam et al., 2001). For
example,

m

the

Drosophila

cells,

Histone

variant

H3 .3

participates

m

replication-independent (RI) nucleosome assembly and is targeted to transcriptionally
active loci throughout the cell cycle (Ahmad and Henikoff, 2002). H2A.Z is another
histone variant that could potentially create such specialized chromatin.
The Swi/Snf complex is part of a large family of ATP-dependent chromatin remodeling
enzymes, which have been purified and characterized from yeast, Drosophila, Xenopus,
and human sources (Neely et al., 2002). The yeast Swi/Snf complex was identified by
genetic screening aimed at the independent analysis of the transcriptional regulation of
the HO gene and the SUC2 gene. The SWI genes were identified as being important for
transcription of the HO gene that encodes an endonuclease required for mating type
switching (Stem et al., 1984). SNF genes were identified to be required for transcription
of the SUC2 gene that encodes an invertase, required for growth on sucrose and raffinose
(Neigebom and Carlson, 1984). The Swi/Snf complex are large, multi-subunit complexes
containing eight or more proteins. Generally, it consists of the Swil, Swi2/Snf2, Swi3,
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Snf5 and Snf6 proteins and five additional polypeptides, some of which have been cloned:
Swp82, Swp73, Swp61, Swp59 and Swp29 (Peterson and Tamkun, 1995). Genetie
studies of S. cerevisiae Swi/Snf suggest that most of its subunits are required for
common fonction in vivo. Null mutations in most of the SWI/SNF genes cause very
similar phenotypes. However, there are also some studies implying that some of the
non-'core' Swi/Snf members are required for nucleosome remodeling in vivo, despite
being unnecessary in vitro. ln fact, some evidence supports distinct roles for certain
Swi/Snf subunits in S. cerevisiae, such as Snf6, which can activate transcription
independent of other Swi/Snf members.

When extragenic suppressors of yeast swi/snf mutants were found to encode histone
proteins or other components of chromatin, for the first time, it was shown that the
certain linkage between the Swi/Snf and chromatin. Then, the purified yeast and human
Swi/Snf complexes were found to alter nucleosome structure by an ATP-dependent
reaction (Peterson and Workman, 2000). In vitro studies demonstrated that Swi/Snf
complexes could cause ATP-dependent disruption of nucleosome structure and could
increase binding of transcription factors to their sites on nucleosomal templates, further
providing biochemical evidence for a role of Swi/Snf in nucleosome remodeling
(Sudarsanam and Winston, 2000). Other findings had raised the possibility that
Swi2/Snf2 proteins might use one of these two activities---ATP-dependent DNA
transcription, ATP-dependent strand separation---to alter histone-DNA interactions in a
nucleosome (Martens and Winston, 2003).

The subunit of Swi/Snf, Swil (148kDa) had been shown to internet with DNA by UV
cross-lin.king of Swi/Snf bound to naked DNA, and contained an AT-rich DNA-binding
domain (ARID) that may be involved in Swi/Snf binding of DNA (Quinn et al., 1996).
However, another analysis on the DNA binding activity of the Swi/Snf complex indicated
that the complex bound to DNA through the minor groove (Kortschak et al., 2000).
Though Swil was shown to bind DNA, it might not be responsible for the DNA-binding
activity of the Swi/Snf complex, given that the ARID is not essential for Swil biological
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fonction (Kortschak et al., 2000).
Sorne studies have found that the Swi/Snf fonction requires the presence of an activator.
Swi 1, Snf5 and Swi2/Snf2 subunits are contacted by the yeast acidic activators, Gcn4 and
Hap4, in the context of the intact native Swi/Snf complex respectively (Neely et al.,
2002). The study in fission yeast has shown that Swil is crucial for survival ofreplication
fork arrest. It appears to act early in the response to fork arrest, perhaps as a replisome
component, to stabilize fork in a configuration that is recognized by the replication check
point sensors (Noguchi et al., 2003).
3. Histone variants H2A.Z

Histone variants are a kind of non-allelic isoforms of regular S-phase histones H2A, H2B,
H3 and H4 (Ausio and Abbott, 2002). These subtypes can provide specificity to
chromatin domains by possibly influencing the stability of nucleosomes or interacting
with trans-acting factors (Ausio and Abbott, 2002).
H2A.Z (formerly called H2A.F/Z) is an H2A subtype that has been identified in
organisms as diverse as S. cerevisiae, Tetrahymena, Drosophila, and Homo sapiens
(Jackson et al., 1996). The protein displays 60% homology with H2A, and 90%
homology between species (Abbott et al., 2001). Studies have been performed to study
the importance of H2A.Z to the organism survival. In mice, deletion of the H2A.Z gene
results in early embryonic lethality (Faast et al., 2001). In D. melanogaster, embryos null
for H2A.Z could be rescued by injection of constructs carrying the H2A.Z gene (Van and
Elgin, 1992), and it is demonstrated that H2A.Z is essential for viability (Clarkson et al.,
1999). In T thermophila, changing the six lysine residues in the H2A.Z amino-terminal
to arginines is lethal, suggesting that H2A.Z is important for Tetrahymena survival (Ren
and Gorovsky, 2001). In S. pombe, cells lacking H2A.Z grow slowly, exhibiting an
altered colony morphology, increased resistance to heat shock and a significant decrease
in the fidelity of segregation of an S. pombe minichromosome (Carr et al., 1994). In S.
cerevisiae, H2A.Z deletion results in slow growth, formamide sensitivity at 28 °C and
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lethality at 37°C (Jackson and Gorovsky, 2000; Adam et al., 2001; Santisteban et al.,
2000).
HTZJ, the H2A.Z encoding gene, has been suggested to have specific fonctions in S.
cerevisiae that are different from those of other H2A-related proteins (Santisteban et al.,

2000). The authors found that overexpression of HTAJ (a gene encoding one of the two
major histone H2A subtypes in S. cerevisiae) is unable to suppress the Ts-phenotype of
strains deleted for HTZJ. Furthermore, they found that high copy expression of HTZJ
from the ADHJ promoter is unable to rescue the lethality of an htal hta2 double mutant.
Taken together, these results indicate that histone H2A.Z is fonctionally distinct from
other histone H2A-related proteins in S. cerevisiae. Further studies suggests that the
sequences encoding the major H2A of yeast or the H2A.Z variant could not replace one
another' s fonction. This is the case even when they are overexpressed or expressed under
the control of the regulatory sequences of the other gene (Jackson and Gorovsky, 2000).
Attempting to define the structural role of H2A.Z in chromatin fonction, some researches
have found that H2A.Z has a role in transcriptional activation. In Tetrahymena the
expression of H2A.Z was found to correlate with transcriptional activity (Stargell et al.,
1993). In vegetative cells, the histone H2A.Z of Tetrahymena, termed "hvl" is present in
transcriptionally active macronuclei, but is

absent from inactive micronuclei.

Furthermore, during conjugation, hvl is expressed in micronuclei just preceding the time
when they become transcriptionally active. It is indicative of a role for this histone
variant in transcription (Stargell et al., 1993). The strongest evidence cornes from the
work in S. cerevisiae. It was shown that histone H2A.Z regulates transcription and its
fonction is partially redundant with certain nucleosome-remodeling complexes, including
Swi/Snf and GcnS-containing complexes (Santisteban et al., 2000). Furthermore,
research in the Gaudreau group have shown that loss of yeast variant histone H2A.Z can
affect recruitment of the RNA polymerase II transcriptional machinery to the GAL],
GALJ O genes and impede their transcriptional induction as well. The expression of the

GAL 7 gene was also tested and shown to be crippled for activation in the htzl L1 mutant

(Adam et al., 2001). The GALJ gene encodes a galactokinase, GALJO gene encodes a
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galactose epimerase, GAL 7 gene encodes a transferase, those enzymes are required for
galactose metabolism (Bash and Lohr, 2001). Expression of these three genes is tightly
repressed when yeast cells are grown in the presence of glucose and they are highly
induced when cells are grown in the presence of galactose. With other carbon sources
such as raffinose, the GAL genes are in a poised inactive state but can be very rapidly
induced by galactose addition. Other associations between H2A.Z and transcription
machinery has been tested. It was demonstrated that the recruitment of RNA polymerase
II and TBP to GALJ and GALJ O promoters was dependent on the carboxyl-terminal
region of H2A.Z, as H2A chimeras used with the C-terminal 37 residues of H2A.Z
successfully associated with the activation factors and initiated transcription (Adam et al.,
2001). All these results show that histone H2A.Z regulates transcription. Meneghini et al.
(2003) further identified about two hundred genes in yeast that require H2A.Z for full
expression through whole genome microarray analysis, supporting the role of H2A.Z in
active transcription. Moreover, Chromatin immunoprecipitation (CHIP) analysis showed
that H2A.Z is common within actively transcribed regions of the genome but that little or
none of it localizes to silent chromatin (Meneghini et al., 2003).
However, in a different study, HTZJ was also shown to be important for gene repression
at the silent mating type locus HMR and at telomers (Dhillon and kamakaka, 2000),
suggesting that H2A.Z may be involved in the structure of silent chromatin (the
functional equivalent of heterochromatin). Meneghini et al. (2003) identified about eighty
of the two hundred H2A.Z-activated genes in yeast that were found to occur in clusters
and resided in close proximity to the silent chromatin domains of telomeres and HMR.
This leads to the question: is silent chromatin spreading over these clusters and thus
responsible for the reduced gene expression in the absence of H2A.Z? In the absence of
H2A.Z, the silencing proteins Sir2p and Sir3p are no longer limited to HMR and
telomeric silent loci, but are found outside their normal domains (Leeuwen and
Gottschling, 2003). In its role to facilitate transcription of individual genes, H2A.Z may
act, at least in part, by preventing silencing proteins from binding to euchromatin. Thus, it
appears that H2A.Z also has an active role in gene silencing. From these findings it is
clear that H2A.Z is important both for the positive and negative regulation of gene
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expression. It is tempting to speculate that both fonctions of H2A.Z may be determined
by the nature of downstream effectors that it interacts with. This idea is consistent with
the fact that the C-terminal region of H2A.Z is essential for both positive regulation of
gene expression, and for its interaction with heterochromatin proteins.
The characterization of the H2A.Z nucleosome crystal structure by Suto et al. (2000)
indicated histone-DNA and histone-histone interactions within the nucleosome core
particle containing this histone variant. The research provided the 2.6A crystal structure of
a nucleosome core particle containing the histone variant H2A.Z. The observed structural
differences that amino acid changes in the docking domain of H2A.Z most likely resulted
in a subtle destabilization of the interface between the H2A.Z-H2B <limer and the
(H3-H4) 2 tetramer, and between the H2A.Z-H2B dimers themselves (Suto et al., 2000).
Abbott et al. (2001) suggested that H2A.Z-containing nucleosomes were less stable
compared to nucleosomes containing major H2A, and thus H2A.Z arrays were expected
to be less folded. Fan et al. (2002) showed that H2A.Z facilitated the intramolecular
folding of nucleosomal arrays while simultaneously inhibiting the formation of highly
condensed structures that result from intermolecular association. H2A-variant histones
differed mainly in their N- and C- terminal portions as compared to S-phase H2A,
whereas the core region was highly conserved (Jackson et al., 1996). In fact, experiments
carried out in Drosophila had revealed that the unique feature of the variant histone
important for viability resided in the carboxyl-terminal region of H2A.Z and not in its
histone fold (Clarkson et al., 1999). In Xenopus laevis, the mutation, in which a region
encompassing the

a

-helix of H2A.Z was replaced with the equivalent region of H2A,

produced a dominant-negative phenotype in approximately 40% of embryos (Ridgway et

al., 2004). In S. cerevisiae, several studies exploring the involvement of the C-terminal
tail ofH2A.Z in GALJ-10 gene induction were conducted (Adam et al., 2001). When the
C-te1minal tail of H2A.Z was substituted for the reciprocal portion of H2A, the resulting
histone complemented the transcriptional defects in GAL genes seen in htzl L1 mutant
cells. Conversely, no complementation was seen when the H2A C-terminal tail was fused
to the N-terminal and core demains of H2A.Z (Adam et al., 2001). Furthermore, the
researchers showed that the H2A.Z C-terminal region interacted with components of the
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transcriptional machinery (Adam et al., 2001). The crystal structure of the
H2A.Z-containing nucleosome displayed an acidic patch larger than that in the
H2A-containing nucleosome, which was located in the C-terminus of H2A.Z and
extended to H2B (Suto et al., 2000). These results support that the C-terminal region of
H2A.Z has an important fonction in H2A.Z.
In order to test the hypothesis that a distinct chromosomal domain carried out a
specialized fonction during the incorporation of specific histone variants into
nucleosomes, the Tremethick group performed amino acid swap experiments on
Drosophila (Clarkson et al., 1999). They used site-directed mutagenesis to change the

amino acids unique to His2AvD, with H2A amino acid residues. Seven mutants were
generated. AU of the His2AvD transgenes containing different H2A-replacement
cassettes could rescue null lethality up to pupation with the exception of M6. This
non-rescuing transgene contains H2A sequences that lie at the C-terminal end of the
protein and not in the histone fold or in the N-terminal tail. It can be concluded that a
small C-terminal region ofHis2AvD, which maps to the extra C-terminal a-helix ofH2A
and includes only six amino acid differences (plus one amino acid deletion) compared to
H2A is essential for H2A.Z fonction as measured by survival of the fly. Furthermore,
unlike transgene M6, transgene M7 does permit some survival to adulthood, but only 9%
of flies hatch. Cassette 7 lies immediately adjacent to cassette 6 in the C-terminal tail of
His2AvD. Therefore, most of the C-terminal region of His2AvD is important for its
function. This result is consistent with that obtained in our lab that C-terminal region of
H2A.Z in yeast is essential for positive regulation of gene expression (Adam et al., 2001).
Further research based on the crystal structure of the nucleosome has found that
C-terminal region of His2AvD is buried inside the histone core, it is not directly involved
in interactions with DNA. It is more likely that this region is involved in protein-protein
interaction.
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4. Suppressor
A suppressor is generally defined as a mutation that completely or partially restores the
mutant phenotype of another mutation. Suppressors can either have or not have a
phenotype by themselves. There exist two major suppressor groups, informational
suppressors and metabolic suppressors. Informational suppressors encode either altered
tRNAs or other components of the translational machinery, and act by misreading
mRNAs. While metabolic suppressors usually act on genes common to the same pathway
or to a single metabolic fonction. There are many possible mechanisms for metabolic
suppression. These suppressors are now routinely isolated and investigated as a means for
identifying navel gene products of a pathway and for identifying proteins that directly
internet with each other. The suppressors that act by direct physical interactions between
two mutant proteins are expected to be both gene and allele specific. In contrast, the
suppressors that act indirectly on the same pathway are expected to be gene specific, but
allele non-specific. Sorne of these are denoted as "bypass" suppressor if they replace the
fonction of the initial mutation. For example, cycl-11 mutations, which cause the
deficiency of the major isocytochrome c, can be replaced by CYC7-H mutations, which
act as suppressors by overproducing the minor isocytochrome c, and allows growth on
lactate medium (Sherman, 1997).

5. Objective
In our laboratory, it has already been shown that replacing residues 98-134 (C-terminal
region) in H2A.Z with the corresponding region from H2A could not substitute for
H2A.Z fonction (Adam et al., 2001). It was shown in Drosophila that the portion
essential for viability in H2A.Z resides in a C-terminal region termed M6 (Clarkson et al.,
1999). In yeast, H2A.Z M6 region has conserved amino acids that correspond to aa
98-108. In order to test which amino acid is important for the fonction of H2A.Z, the
amino acids in the H2A.Z M6 region that are different as compared to that of H2A have
previously been replaced by the corresponding sites by site-directed mutagenesis (Fortin
and Gaudreau, unpublished data).
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The objectives of my project are to confirm if substitution of the amino acids in the M6
region of yeast H2A.Z by those of H2A can render H2A.Z non-functional, as is the case
in Drosophila, and to screen suppressors of the transcription-deficient H2A.Z M6 mutant
in the yeast genomic expression library. This project attempts to test the hypothesis that
the M6 region of H2A.Z is an important determinant for the special fonction of H2A.Z in
transcription and targets of the H2A.Z C-terminal region are related to either the RNA
polymerase II holoenzyme or chromatin remodeling complexes. To do so, I will use
W estem Blotting to test the H2A.Z M6 mutant expression levels in yeast, and to screen
the suppressor genes complementing the loss of fonction mutant in the yeast genomic
expression library.
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Materials and Methods
Yeast Strains, plasmids and genomic DNA library
The htzlil strain was described by Adam et al. (2001) and was used in our studies. It was
isogenic to W303a (MATa, ura3-1, leu2-3, 112, ade2-1, his3-11, 15, trpl-1, canl-100)
and was made by disruption of one HTZJ allele from the W303 diploid strain and
subsequent sporulation. All mutant H2A.Z constructs beard an HA-tag inserted at the
BgJII site of the HTZJ gene and were expressed from the ACT] promoter.

Plasmid JYKF0l and GDC24-3 to 9 were previously generated by J. Fortin and L.
Gaudreau using site-directed mutagenesis. Plasmid JYKF0 1 was made by replacing the
H2A.Z M6 region (amino acids 97-110) by the H2A.M6 region (amino acids 90-105).
Plasmid GDC24-3 to 9 were generated by changing single amino acid of H2A.Z at the
M6 region (Figure 1). Plasmids were then introduced into yeast strain MAY424 (htzlil).
The yeast library we used was a gift from Alcide Barberis (Zurich, Switzerland) cloned in
a high copy number vector (YEplacl 12).

Culture conditions
YPDA medium (1 % yeast extract, 2% peptone, 2% glucose and 0.014% adenine) was
used for routine growth of S. cerevisiae cells. Cells carrying plasmids were cultured in
minimal defined medium containing 0.7% yeast nitrogen base without amino acids, 2%
glucose and required amino acids. Solid media were prepared by adding 2.5% agar to
liquid broth. All cultures were incubated at 30°C.

Yeast Protein Prep for SDS PAGE and Western
Yeast cells were grown to an optical density at 600nm (OD6oo) of 1.0. Cells were
collected by centrifugation, resuspended in TCA buffer (20 mM Tris-HCL PH 8.0, 50
mM Ammonium Acetate, 2 mM EDTA PH 8.0, 2 mM PMSF), and kept cold. The cell
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suspension was adjusted to 20% TCA (Trichloroacetic acid) and 200 ul glass beads
(diameter, 0.5 mm), vortexed for 1 min in cold room, then kept on ice for at least lmin
while vortexing other tubes. The vortexing step was repeated for a total of 6 times.
Supernatant was removed and centrifuged at 13,000 rpm for 20 min at 4°C. The pellet
was resuspended with 100 ul fresh TCA-Laemmli loading buffer (48% SDS/glycerol
solution v/v, 40% Tris/EDTA v/v, 5% ~-mercaptoethanol, 2 mM PMSF), incubated for
10 min at 95°C and then put on ice for 1 min. Samples were centrifuged for 10 min at
maximum speed at 4°C. Protein concentration was measured using BioRad assay and
frozen in aliquot. 20 ug of sample was loaded on a sodium dodecylsulfate (SDS)-15%
polyacrylamide gel electrophoresis (PAGE) gel and subjected to Western blotting
analysis.
SDS/glycerol solution was made with 7.3% SDS v/v, 29.1 % glycerol v/v, 83.3 mM Tris
(pH-unadjusted), 0.0025% Bromophenol Blue w/v. Tris/EDTA solution was made with
200 mM Tris (pH-unadjusted), 20 mM EDTA.
Western Blotting

20 ug whole cell lysate were loaded onto a SDS-15% PAGE gel, fractionated by
electrophoresis, and Western blotted onto polyvinylidene fluoride (PVDF) Immobilon-P
Transfer Membrane (Millipore). The blots were blocked with 5% skim milk in Tris-HCL
(pH 7.4) ovemight at 4°C, and incubated for 2 h at room temperature with 1: 500 dilution
of primary antibody Anti-HA (Roche) in TBS-T (50 mmol/1 Tris PH 7.4, 150 mmol/1
NaCL, 0.05% Tween 20), containing 5% w/v skim milk, washed twice briefly with TBS
for 15 min. The blots were then incubated for 1 h at room temperature with a 1: 2000
dilution of the secondary antibody Goat Anti-Mouse IgG antibody (Molecular Probes) in
TBS-T containing 5% w/v skim milk, washed twice with TBS and developed using an
ECL plus Western Blotting Detection Reagents (Amersham Biosciences), according to
the manufacturer's instructions.
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Transformation of yeast cells

Y east competent cells were prepared through incubating a 5 ml culture in YPDA which
were grown ovemight at 30°C. One or two ml of the OIN culture were inoculated in 50
ml YPDA (or appropriate media) and grown at an OD 60oof 0.8. Cells were harvested by
centrifugation and washed with 50 ml of sterile dH2 0. Then cells were collected by
centrifugation and resuspended in 500 ul of 0.1 M LiOAC (Lithium acetate, pH 7.5) in
lX TE. The cell suspension was incubated for 1 h at 30°C. Salmon sperrn DNA (7 mg/ml)
was boiled for 5 min at 100°C and then chilled on ice. Plasmid DNA of 1 ul was added to
10 ul salmon sperm DNA. The mixed DNA was then added to 100 ul of yeast competent
cells and mixed gently. 0.7 ml of 0.1 M LiOAC in lX TE/40% PEG (Polyethylene glycol)
was added into the cell suspension and vortexed gently. The cell suspension was
incubated for 1-3 h at 30°C and 10 min at 42°C. Cells were spun at 13,000 rpm for 2 min.
The pellet was resuspended in 200 ul of sterile dH20, and plated on selective media at
30°c.
Colony dilution assay

For the HU, MMS and CPT-sensitivity growth assays, yeast cells were grown ovemight
to exponential phase in rich media (YPDA), and then were washed and diluted to an
OD6oo of 1.0. Three ul of 10-fold dilutions were then dropped on rich media containing
100, 150 and 200 mM HU, 0.02% MMS, 25 ug/ml and 50 ug/ml CPT respectively. Plates
were incubated for 3-7 days at 30°C or as indicated.
Gene induction and Primer extension assays

GAL gene expression was induced by growing cells to OD6oo of O. 8 - 1. 0 in yeast
nitrogen base supplemented with the required amino acid and 2% raffinose, and galactose
was then added to a final concentration of 5% for 0, 0.5, 4 hours. For primer extensions,
30 ug RNA was used and the assays were carried out as previously described (Ma and
Ptashne, 1987). For RNA loading controls, 20 ug of total RNA was loaded onto
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agarose-formaldehyde gels. The oligonucleotide sequences for the primers used were as
follows:

GALJ, CTCCTTGACGTTAAAGTATAGAGG;
GAL7, GGATGGTAACGTCTATGGGAATGGC;
GALJ0, CCAATGTATCCAGCACCACCTG
RESULTS
Identification of a H2A.Z M6 mutant that can confer H2A.Z loss-of-function.
Several recent studies have shown that variant histone H2A.Z is a key regulator of gene
transcription. In Drosophila, it has been shown that the C-terminal tail of H2A.Z is
essential for maintaining viability, and in particular a small region containing a short
a -helix, termed M6 (Clarkson et al., 1999). In yeast, these conserved amino acids are
found at position 98-108. In order to verify if the C-terminal part ofH2A.Z was sufficient
to provide the special fonction of H2A.Z in GALJ-10 gene induction, compared to S
phase H2A, our laboratory has constructed a chimera (Adam et al., 2001). The
substitution of the H2A.Z C-terminal region by that of H2A in yeast could not fulfill the
role of H2A.Z in GALJ-10 gene induction in a yeast strain bearing a deletion of HTZJ

(htzl L1), the H2A.Z - encoding gene. On the other hand, fusion of the H2A.Z C-terminal
region to H2A could complement an htzl~ mutation for GALJ-10 gene induction. All
these results suggest that the essential role of H2A.Z in GAL gene transcription resides in
the C-terminal region of the variant histone and that this fonction of H2A.Z cannot be
provided by regular H2A.
We next wanted to test which amino acids in the H2A.Z M6 region were important for
the fonction of H2A.Z. Site-directed mutagenesis was previously performed by replacing
the corresponding amino acids ofH2A by J. Fortin and L. Gaudreau in our lab (Figure 1).
Mutant JYKF0l was constructed by replacing the M6 region of H2A.Z with the
corresponding part of H2A, mutant GDC24-3, 4, 6 to 9 were generated by changing
single amino acid H2A.Z M6 region A108, Rl07, 1106, S104, Dl03, G98 to the
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corresponding amino acids V102, Nl0l, L99, K97, N96, N91 in the H2A M6 region,
respectively. GDC24-5 was generated by inserting amino acid Gat position 100.

A
yH2A.Z 71
yH2A
64
71

JYKF 01

yH2A.Z

134

132
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Figure 1. The different C-terminal M6 regions between H2A and H2A.Z
A. Aligned amino acid sequences of yeast H2A.Z and H2A using BLAST (National
Center for Biotechnology Information). Shadow area represents the C-terminal M6
region in Drosophila H2A.Z required for viability. There are eleven amino acids,
seven of which are different from that of H2A including one amino acid deletion.
Plasmid JYKF 01 was made by replacing H2A.Z M6 region by the H2A M6 region.
Plasmids GDC24-3-9 were generated by changing single amino acid of H2A.Z M6
reg10n.

B. Schematic representation of the site-directed mutagenesis mutants.
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We introduced these eight different H2A.Z M6 mutants into htz1L1 cells individually.
Immunoblotting experiments revealed that among eight H2A.Z M6 mutants, only the
mutant M6-G98N and WT can be expressed (Figure 2). W e do not know the exact reason
why other mutants failed to express. There were several possibilities. W e previously
observed that htz1L1 spores were able to germinate on selective media, indicating that
deletion of this gene did not affect cell viability (Adam et al., 2001 ). It was possible that
the mutant plasmid DNA transformation might not be of high purity, thus during
transformation, some plasmid DNA without mutant was transformed into htzlL1 cells,
hence the cells could grow in the selective media, but not express the H2A.Z mutant.
Another possibility was that some mutant plasmid DNA was transformed, but the protein
expression level of these mutants were too low to be detected by the immunoblotting
techniques. It was also possible that lack of expression of some mutants was due to
experimental errors. For the mutant M6-G98N, we decided to test whether the mutant
could confer H2A.Z loss of function compared to the wild type gene using the colony
dilution assay by growth on hydroxyurea (HU) containing media. It was previously
observed in our laboratory that htz1L1 cells were highly sensitive to HU. HU was known
to arrest cells in S phase by blocking replication when treated with 200 mM (Allen et al.,
1994). As shown in Figure 3, cells bearing a deletion in HTZJ (htzlL1) were sensitive to
100 mM and 200 mM HU. Similar results were obtained by the mutant M6-G98N. It had
a marked growth deficiency on rich media containing HU (Figure 3).

WT

1

2

3

4

5

6

7

8

Figure 2. Immunoblot analysis of H2A.Z mutants.

Histone protein levels were determined by immunoblotting with an anti-HA antibody.
Lane 1-8 represent mutations respectively.
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In order to confirm the expression of mutant M6-G98N, the encoding sequence of the
mutant M6-G98N was digested from the GDC24 vector and then recombined with a new
vector Ylplac128. The vector Ylplac 128 is a shuttle vector that replicates autonomously
in both E. coli and S. cerevisiae, has 4300 base pairs, a single replication origin, a gene
(ampr) conferring resistance to the antibiotic ampicillin in E. coli, with a LEU2 nutritional
gene that allows yeast auxotrophs to grow on limiting synthetic media. The plasmid of
mutant M6-G98N and the new vector Ylplac 128 were treated with Sphl and Eco RI
restriction enzyme. The resulting mutant fragment and the vector Ylplac 128 were
separated by gel electrophoresis, recovered from agarose gel, and then ligated using DNA
ligase. The recombinant plasmid was transformed into the yeast cell with htzl LI
background. The mutant M6-G98N with new vector was tested for its histone protein
expression level using Western Blotting, and for growth on HU using the colony dilution
assay. These analyses confirmed that the results obtained from new recombinant vector
was the same as that of GDC24. The mutant M6-G98N was further sequenced to confirm
its nature.
WT
M6-G98N
Empty vector

- -~\1;•1
(t (;J 'iJ 1h •

G

l00mMHU

YPDA

200mMHU

Figure 3. The mutant M6-G98N affects yeast growth, in a manner similar to the
HU-sensitivity phenotype oJ htzlA yeast cells. Ability of mutant M6-G98N could not
complement htzlLl-mediated HU growth deficiency. Ten-fold serial dilutions of yeast cell
suspensions were dropped on YPDA plates supplemented or not with either 100 or 200
mM HU. Plates were incubated at 30°C for 3-7 days.
Deletion of HTZJ negatively affected GALJ, GAL 7 and GALJ O gene induction as
previously reported (Adam et al., 2001). To a certain extent, the mutant M6-G98N also
negatively affected GALJ, GAL7, and GALJ O gene induction (Figure 4). This suggests
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that the mutant M6-G98N may cause loss-of-fonction of H2A.Z. We concluded that the
M6 region and particularly amino acid G is an important determinant for the fonction of
H2A.Z, as is the case in Drosophila.
Induction
Time (hour):

M6-G98N

WT
0

0.5

4

0

0.5

4

GALJ
GAL 7
-

GALJO

Figure 4. Ability of M6-G98N to indu ce GALJ, GAL 7 and GALJ O expression in

htzlA cells. GALJ, GAL7 and GALJ O gene induction were carried out with purified RNA
:from wild type (WT) and the mutant M6-G98N in htz1L1 cell. Yeast cells were grown in
raffinose, and then galactose to a final concentration of 5% was added for 0, 0.5, 4 hours
in order to induce GAL gene expression. This was a semi-quantitative assay. Because the
initial RNA concentration was quantified and the same amount was used for each sample.
The mutant M6-G98N could not full y pro vide the H2A.Z fonction in GALJ, GAL 7 and
GAL] 0 gene induction.

Selection, purification and characterization of high copy suppressors which can
rescue the loss-of-function of mutant of H2A.Z.

In order to identify targets of the H2A.Z C-terminal region that were important for its
function in gene transcription, we used the only H2A.Z loss-of-fonction mutant:
M6-G98N (identified in the former section). We introduced yeast genomic expression
library into the mutant M6-G98N to identify potential suppressors. A suppressor is
generally defined as a mutation that completely or partially restores the mutant phenotype
of another mutation. In this work, we attempted to find at least one such suppressor that
could restore the fonction of the mutant M6-G98N using the yeast genomic expression
library. The characterization of suppressors can act as a means of identifying novel gene
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products corresponding to the transcription regulatory factors, or chromatin remodeling
components. Since htzl.d cells are highly sensitive to HU, it is convenient to use this
reagent for large-scale screening. For each transformation, we used 1ug yeast genomic
expression library, plated on the SC media containing 100 mM HU. For the first round of
selection, we incubated 50 plates in total. There were approximately 600 colonies in each
plate. We then randomly selected about 100 of the largest ones from each of 50 plates,
amplified colonies and grew them on the plates with different HU concentrations: 100,
150, 200 mM to obtain the candidates that could restore the deficiency of mutant of

WT
M6-G98N
Suppressor 26
42
YPDA

l00mMHU

WT
M6-G98N
Suppressor 26
42
150mMHU

200mMHU

Figure 5. Screening of the high-copy su pp ressors. Colony dilution assays were done on
rich media and on the media containing 100 mM, 150 mM and 200 mM HU. Two
suppressors were identified to partially reverse the slow growth and HU-sensitivity
phenotypes of the mutant M6-G98N.
H2A.Z. To reduce the false positive effects at the second round of selection, there were
only 11 candidates left. The plasmid DNA of these 11 candidates were transformed into

E. coli and their plasmids were extracted using the miniprep procedure. Restriction
digestion with EcoRI and HindIII enzymes and subsequently agarose gel electrophoresis
indicated that the DNA of these 11 candidates were not identical. We transformed these
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11 different miniprep DNA back into htzl L1 M6-G98N strain respectively and plated the
cells onto the selective media. The colonies have been amplified and were grown on the
rich media with 100, 150, 200 mM HU for the third round of selection. After seven days
growth, two candidates could rescue the deficiency as did the expression of wild-type
(WT) H2A.Z. W e purified these two colonies, isolated and characterized the plasmids
(Figure 5). After sequencing, the SWil gene and SRF6 gene were found respectively.

WT

M6-G98N

SRF6

YPDA

l00mMHU

150mMHU

WT

M6-G98N

SRF6

200mMHU

WT

M6-G98N

SRF6
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Figure 6. Suppressor SRF6 is sufficient to restore the HU-sensitivity phenotype of
the mutant M6-G98N, as well as MMS. Colony dilution assays were done on rich
media, with or without 100 mM, 150 mM, 200 mM HU, 0.02% MMS, 25 ug/ml and 50
ug/ml CPT. Cells were incubated for approximately 2-3 days on YPDA plate and MMS
plate, and approximately 5-6 days on other plates.

SRF6 means Stress resistance during Fermentation. It is associated with decreased levels
of chitin and shows severe growth defects on YPD after 20 generations. It shows
moderate growth defects on NaCl and lactate, a double sr/6-chsl deletion is lethal (Tong

et al., 2004). It is the first time that SRF6 is linked to the function of the H2A.Z
C-terminal region in gene transcription. We thus investigated the behaviour of SRF6 in
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growth assays in the presence of HU, methyl methane sulfonate (MMS) and
camptothecin (CPT) (Figure 6). Both CPT and MMS can induce DNA double-stranded
breaks (Downs et al., 2000; Malik and Nitiss, 2004). MMS is an alkylating drug which
can cause stalling ofreplication forks, the same as HU (Doe et al., 2002). CPT stabilizes
Top 1-DNA covalent intermediates by inhibiting the re-ligation step and in so doing leads
to the accumulation of strand breaks in the DNA (Doe et al., 2002). The toxic effect of
CPT appears to be due to the collapse of replication forks at these strand breaks. The
results, shown in Figure 6 suggest that the expression of SRF6 could complement the
slow-growth phenotype of mutant M6-G98N, such as growth in the presence of HU and
MMS, but not in CPT. It was not very clear why suppressor SRF6 could rescure the HU
and MMS sensitivity of the mutant, but not the CPT. It is possible that the suppressor

SRF6 didn't promote the repair of collapsed replication forks.
Deletion of HTZJ negatively affected GALJ, GAL7 and GALJ O gene induction as
previously reported (Adam et al., 2001). In order to find out if suppressor SRF6's
expression affected GAL gene induction, primer extension experiments were performed.
Figure 7 shows primer extension measurements of GALJ, GAL7 and GALJO transcript
levels. The results indicated that transcriptional activation of the GALJ and GALJ O genes
was significantly impaired in the strain htzl L1 M6-G98N and htzl L1 M6-G98N with
overexpressed SRF6 compared to the isogenic wild-type strain. Interestingly, the mutant
M6-G98N with overexpressed SRF6 can partially restore the activation of the GAL7 gene
in htzl L1 cells. The results support the possibility that SRF6 is possibly a target of the
H2A.Z C-terminal region in GAL 7 gene transcription.
Why couldn't SRF6 restore GALJ and GALJO gene transcription? It is well known that
Gal4 is required for the galactose induction of GALJ, GAL7, GALJO gene expression.
Gal4 activates transcription through a specific carboxy-terminal domain while bound to
the promoter via its amino terminus. The sequences to which Gal4 binds are termed
upstream activation sequences, or UASo. It is located upstream of yeast genes that
provide for activation of transcription, presumably by binding transcriptional regulatory
proteins (Lohr et al., 1995). GALJ and GALJO gene share the same UAS 0 , while GAL7
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gene has a different UASa. It is possible that SRF6 affects the interaction between the
Gal4 and UASa of GAL] and GALJ O genes. The previous report also supports the above
possibility that GAL7 transcription is enhanced when the GAL] 0 UASa is deleted (Greger
and Proudfoot, 1998). However, the exact cause still requires further investigation.
Induction
Time (hour):

WT
0

0.5

M6-G98N
4

0

0.5

SRF6
4

0

0.5

4
E-

GALJ

E-

GAL 7

E-

GAL JO

Figure 7. Ability of suppressor SRF6 to in duce GALJ, GAL 7 and GALJ Oexpression.

The expression of GALJ, 7 and 10 was either not induced at O hour or induced after 0.5,
and 4 hours with 5% Galactose. WT means wild type control, M6-G98N means htzlLJ
M6-G98N, SRF6 means htzl L1 M6-G98N strain with overexpressed SRF6.
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CONCLUSION
Several studies have shown that variant histone H2A.Z is a key regulator of gene
transcription. H2A.Z differs from its corresponding major histone H2A by its C-terminal
end and also the N-terminal end. In Drosophila, it has been shown that the essential
fonction of H2A.Z is in fact located in the C-terminal part of the histone (Clarkson et al.,
1999). Furthermore, a chimeric fusion of the C-terminal region of yeast H2A.Z with the
remaining part of H2A was able to restore phenotypes of the htzlLJ mutant (Adam et al.,
2001 ). This region was also required for interaction with the component of the
transcriptional machinery (Adam et al., 2001). Further research in Drosophila has shown
that the portion essential for viability in the C-terminal region is a short a-helix, termed
M6 (Clarkson et al., 1999). In yeast, H2A.Z has those conserved amino acids that
correspond to positions 98-108. We wanted to know if the M6 region ofH2A.Z is also an
important determinant for the special fonction of H2A.Z in transcription. W e attempted to
identify high copy suppressors of a transcription-deficient H2A.Z M6 mutant to test the
hypothesis that certain targets of H2A.Z C-terminal region could be important for its
fonction in gene transcription. In our lab, it has been previously shown that deletion of
the SRB2 gene, which encodes a component of the RNA polymerase II holoenzyme is
lethal for yeast in a htzl L1 background. In addition, Santis te ban et al. (2000) have shown
that H2A.Z can interact genetically with the chromatin remodeling complexes Swi/Snf
and SAGA. Thus, the identification of functional targets of H2A.Z will allow us to
vertify if H2A.Z can internet with either the RNA polymerase II holoenzyme and/or
chromatin remodeling complexes.
In this work, after substitution of amino acids of the M6 region of H2A.Z with those of
H2A, our results showed that the mutant M6-G98N could confer H2A.Z loss-of-function
through growth assays on HU. It is not clear why only this amino acid is necessary. It is a
possibility that replacing this amino acid may change the original molecular structure and
the interaction between the amino acids at the M6 region. When GALJ, GAL 7 and GAL] 0
transcription were tested using primer extension and compared to wild type H2A.Z, we
concluded that the M6 region of H2A.Z was an important determinant for the special
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fonction of H2A.Z in GAL 7 transcription in yeast.
Since the H2A.Z C-terminal region was important for its fonction in gene transcription,
we then used the H2A.Z M6-G98N mutant to identify high copy suppressors that
complemented the C-terminal fonction. Two suppressors SWIJ and SRF6 were found and
sequenced through this analysis.

W e have previously observed that htzl il cells are highly sensitive to HU (Brodeur and
Gaudreau, unpublished data). HU is known to arrest cells in S phase, and previous reports
have shown that complete replication black can occur when yeast cells are treated with
200mM HU (Allen et al., 1994). From current results, we observed that the suppressor
SRF6 could rescue HU sensitivity of htzlil M6-G98N cells. MMS is an alkylating drug

which can cause replication forks to stall, similar to HU (Claudette et al., 2002). As
expected, the suppressor SRF6 also rescued MMS sensitivity of htzlil M6-G98N cells.
To see whether it could rescue sensitivity to replication fork collapse, the htzl il
M6-G98N mutant and suppressor SRF6 were further tested for their sensitivity to the
CPT. The mutant strain and suppressor SRF6 were bath sensitive to CPT. Different from
the HU and MMS results, the suppressor SRF6 didn't rescue the CPT sentivity of the
mutant. This data indicates that the suppressor SRF6 may not be involved in the repair of
collapsed replication forks. In this work, we observed that SRF6 could partially restore
the fonction of the mutant. Since the htzl il strain is sensitive to HU and MMS, MMS can
cause DNA double-strand breaks, and high concentrations of HU also cause DNA
damages, it suggests that the histone H2A.Z may be important in DNA repair. Moreover,
the effects of SRF6 on the GALJ, GAL 7 and GALJ O gene transcription in the primer
extension experiments imply that SRF6 is possibly a target of the H2A.Z C-terminal
region in DNA repair (HU and MMS), and gene transcription (GAL7). But how SRF6
affects the fonction of H2A.Z is still requiring forther investigation.
SWIJ is the component of the Swi/Snf complex. The Swi/Snf complexes are large,

multi-subunit complexes containing eight or more proteins. It can utilize the energy of
ATP hydrolysis to remodel chromatin structure, thereby permitting increased access of
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transcription factors to their binding sites. We identified SWIJ as a functional target of
H2A.Z, and the current result further demonstrates that H2A.Z may interact with
chromatin remodeling complexes. This finding supports the special function of H2A.Z in
gene transcription. Santisteban et al. (2000) have shown that for the SUC2 and INO 1
gene expression (they are all Snf/Swi independent for transcription), the htzLdsnj2L1
double mutant (SNF2 gene encodes the DNA-dependent ATPase catalytic subunit of the
Swi/Snf complex) was severely defective in growth on raffinose and rich medium with
glucose, as compared with single htz1L1 mutant and snf2i1 mutant. They concluded that
the deletion of HTZJ actually made cells highly dependent on Swi/Snf complex function.
However, the mechanism on how SWIJ is involved with H2A.Z needs to be investigated
in the future. The SWIJ involvement may be relevant to why the deletion of the gene
encoding H2A.Z strongly increases the requirement for Swi/Snf and SAGA.
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