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Chapter 1

Literature review

1.1 DNA, histone and chromatin

In the eukaryotic genome, DNA is the basic molecule used to encrypt genetic information.
DNA is a polymer of nucleotides, which consists of pentose sugars, nitrogenous bases
and phosphate groups. From 1885 to 1901, Albrecht Kossel and his colleagues
discovered nucleic acids contain five nitrogen-containing compounds: adenine, cytosine,
guanine, thymine and uracil. The polymerization of nucleotides is held by the
phosphodiester bonds between the phosphate groups at the 5'C position and the OH group
at the 3'C position of pentose sugar. Unlike the prokaryotes, eukaryotic genome is
organized in a nucleus; therefore, it is necessary to provide a substance that can arrange
and anchor the DNA double helix. In the discovery of nucleic acids, Albrecht Kossel also
showed that a protein portion was present in the isolated substance "nuclein”, which he
later termed as "histon"” (Campos and Reinberg, 2009). Under the eukaryotic
physiological conditions, approximately 147 base pairs of DNA wrap around a
positively-charged octamer protein, which comprises of two copies of histones: H2A,
H2B, H3 and H4. This structure is termed "nucleosome”. Nucleosomes are organized into
higher-order structures by linking to histone H1 with extra 10-70 base pairs of DNA. In
1976, evidence of higher-order structure than nucleosome was observed by John Finch
and Aaron Klug and was later termed "solenoid". To date, no other higher-order structure
beyond solenoid has been reported with clear evidence (Kornberg, 1974; van Holde et al.,
1974; Woodcock, 2005).

The average size of a nucleus is approximately 10 micrometers in diameter, whereas the
total length of DNA in human cells is around 2 meters. The mechanism of fitting the

entire human genome into a nucleus is still poorly understood. In a nucleus, chromatin is



the highest order that results in DNA compression to date. Typically, a base pair in a
DNA double helix is approximately 2 nanometers in width. Nucleosome core, which
contains both DNA and histone cores, has a diameter of around 11 nanometers. Six
nucleosomes join by histone H1, which results in a structure called solenoid that is
approximately 30 nanometers in diameter. It is believed that from the solenoid, a 300-
nanometer loop can be formed and further compressed into a 250-nanometer fiber.
Hypothetically, a folding and tightening process after the 250-nanometer stage is required
to construct a 700-nanometer chromatid, then a 1400-nanometer chromosome (Figure
1.1).
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Figure 1.1: Eukaryotic genome compaction and organization. Hypothetical
illustration of the compression of DNA double helix to chromosome (Annunziato, 2008).
A total of 6.6*10° base pairs of DNA is folded and compressed into a 10-micrometer
nucleus.



1.2 Histone post-translational modifications and epigenetics

The reason that prokaryotes, such as bacteria, do not have nucleosomes is because they
lack the structural protein - histones. There are four core histones: H2A, H2B, H3 and H4,
and one linker histone H1. Except for histone H1, all four core histones have about 25%

of its mass weighted in the N- and C- terminal domains.

Although these terminal domains do not provide structural functions, they can be
modified to regulate gene expression (Figure 1.2). Histone post-translational editors are
able to directly modify these histone tails while chromatin-binding proteins recruit other

transcriptional complexes for gene expression (Wolffe and Hayes, 1999).
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Figure 1.2: 2D depictions of four core histones and modifications. Histone
modifications mostly take place in N- and C- terminal domains with the exception of
histone H3 K56 and K79 positions. The modification code ac, me, ph and ubl stand for
acetylation, methylation, phosphorylation and ubiquitination respectively (Bhumik et al.,
2007).

Histone modifications have been known primarily since the 1960s, when Dr. Vincent

Allfrey at Rockefeller University postulated that histone acetylation may be involved in



RNA synthesis (Allfrey et al., 1964). Although the histone post-translational
modifications (PTMS) is just one aspect of epigenetics, in the past 50 years, this field has
grown massively along with the human ROADMAP epigenomics project. In fact, without
the current progress of epigenetics, understanding and utilizing the ENCODE data would
be more complicated. The concept of epigenetics was first mentioned in the 1940s by
Conrad Waddington. The original idea of epigenetics was described as a biological
phenomenon of heritable regulatory mechanism in gene expression that is independent of
changes of the DNA sequence. Chromosome remodeling (ie: Xist), protein PTMs (ie:
histone modifications), DNA methylations and ncRNAs related regulations (ie: miRNA

silencing) are some of the examples of epigenetics (Woffle and Matzke, 1999).
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Figure 1.3: Major epigenetic mechanisms that alter gene expression. Histone
modifications and DNA methylations directly regulate gene transcription whereas non-
coding RNA such as micro-RNA inhibits mRNA translation (Kim, 2014).



1.3 Histone code

Like many other PTMs, histone modifications work coherently. The histone code
hypothesis was first made by Strahl and Allis (Figure 1.4). The rationale behind the
histone code hypothesis is based on some contradictory functions of certain histone
modifications. For example, H3S10ph was first found to be a repressive mark during
mitosis (Hendzel et al., 1997). However, it was also reported with activation functions
upon mitogen stimulation (Thomson et al., 1999). This one modification exhibits
paradoxical functions, implying that there is a potential mechanism that either
overpowers this mark or alters its function. In fact, the latter scenario was evidenced by
ChIP analysis with specific antibodies for both K9ac/S10ph and H3S10ph/K14ac. Both
combined PTMs display transcriptional activation upon mitogen stimulation while
acetylation becomes the major driver. Missing H3S10 phosphorylation delayed the
acetylation process and therefore repressed gene expression (Cheung et al., 2000 and
Clayton et al., 2000).
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Figure 1.4: Histone modifications that are acting in concert. Normally, histone
methylation occurs on arginine and lysine residues; acetylation occurs on lysine;
phosphorylation takes place on serine. Combination of histone modifications require a
complex reader (either multiple domains or proteins) to recognize them (Strahl and Allis,
2000).



1.4 Histone modification enzymes and epigenetic editors

The first histone modification enzyme was discovered on acetylation. In 1996, both
histone acetyltransferase (HAT) and histone deacetylase (HDAC) were identified. The
first HAT was identified as a homologue of the yeast protein Gen5, which is a putative
transcriptional activator. As a nuclear A-type HAT, it has a conserved acetyllysine-
binding bromodomain that is not present in the cytoplasmic B-type HATSs. Hence, it was
also the first study that linked transcriptional activation to A-type HAT mediated
acetylation (Brownell et al., 1996). In contrast, the discovery of the first HDAC was
identified as a homologue to the yeast transcriptional repressor protein Rpd3p. As a result,
histone deacetylase was first linked to eukaryotic transcriptional repression (Taunton et
al., 1996). Subsequently, great interest arose in the field of histone editors, resulting in a
major breakthrough in the chromatin field in late 1990s. The discovery of histone kinases
took place in 1999 by multiple groups; histone arginine and lysine methyltransferases
were found in 1999 and 2000 respectively; and histone ubiquitin ligase was identified in
2000 (Jin et al., 1999; Thomson et al., 1999; Chen et al., 1999; Rea et al., 2000 and
Robzyk et al., 2000).

In addition, many histone modification recognition domains — such as acetyllysine-
binding bromodomains, methyllysine binding chromodomains, plant homeodomains and
Tudor domains — were identified in the late 1990s (Figure 1.5). Multiple histone
modification readers were reported to be working in the complex for transcriptional
regulation, suggesting a higher-order of histone code cross-talking was present. For
example, the methyllysine-binding plant homeodomain containing finger protein 6 (PHF6)
was co-purified with the nucleosome remodeling and deacetylation (NuRD) complex,

which is known for transcriptional repression (Liu et al., 2015).

To date, most of the histone modifiers and readers are called the epigenetic "readers”,
"writers" and "erasers” (Figure 1.6); although many of them have now progressively
been identified with non-histone-binding and -modifying properties in cellular signal
transduction. Notably, the study of epigenetics, especially PTMs, is no longer limited to

histone proteins (Biggar and Li, 2015).
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Figure 1.5: Common histone modification readers for methyllysine, methylarginine,
acetyllysine, phosphorylated serine and threonine. Most methyl-binding domains
contain an aromatic cage that interact specifically with methyllysine and methylarginine
by hydrophobic and cation-pi interactions. Some PHD fingers can bind to both
methyllysine and unmodified lysine. Acetyllysine is normally recognized by a highly
conserved asparagine with hydrogen bonds. Histone phosphorylation is recognized by
both hydrophobic interaction and hydrogen bonding with arginine (Musselman et al.,
2012).
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Figure 1.6: Major players in epigenetics - "'"Readers", ""Writers' and ""Erasers"".
Although many histone modification editors are found having non-histone catalytic
activities, this figure is referring to enzymes that modify only histone proteins. Besides
the enzyme showed here, other known histone "writers™ and “erasers" include histone
kinases/phosphotases, ubiquitin ligases, sumoylation ligases, ADP-ribosyltransferases
and deiminases. Many of the histone "writers" and "erasers" in fact have "reader"
property for detecting specific modifications (Falkenberg and Johnstone, 2014).



1.5 KDM5B/JARID1B and related diseases

The histone lysine demethylase KDM5B/JARID1B is a member of the KDM5/JARID1
family. All four family members of JARID1 contain JmjN and JmjC domains for
demethylation, and ARID and Zinc finger binding domain for DNA binding. However,
the type-3 PHD domain is missing in both KDM5C/JARID1C and KDM5D/JARID1D in
humans. To date, the only known histone substrate of KDM5B is histone H3K4 mono-,
di- and trimethylations (Klein et al., 2014). KDM5B is known to be an oncoprotein as its
expression is usually limited in most normal tissues besides testes and ovaries.
Upregulation of KDM5B is commonly found in various human cancers such as breast,
prostate, lung and cervical cancers (Hayami et al., 2010). Recent studies also reported
that KDMB5B is linked to cancer stemness and hypoxia response (Lin et al., 2015 and
Salminen et al., 2016).

The most well-studied KDM5B-related disease is breast cancer. Data was observed in
previous breast cancer studies, suggesting that the functions of KDM5B in different types
of breast cancer could be opposite. For example, in ER* breast cancer cell lines such as
MCF7, KDM5B overexpression promoted cell proliferations whereas in ER"MDA-MB
231 cells it suppressed cell proliferations (Hayami et al., 2010 and Yamane et al., 2007).
This bivalent behavior suggests that KDM5B may be associated with transcriptional

regulatory complexes in a cell-type-dependent manner (Klein et al., 2014).

1.6 Plant homeodomains of KDM5B

As mentioned above, the KDM5/JARID1 family has relatively conserved constituents.
The major difference among all family members is the number of PHD domains.
KDMB5B has a complete set of PHD domains in the KDM5 family (Figure 1.7) and its
molecular weight is about 180 kDa. The type-1 PHD domain is located between the
ARID DNA binding domain and JmjC domain. The type-2 PHD domain and type-3 PHD
domains are placed in tandem after the Zinc finger binding domain. Recent study
identified that the type-1 PHD domain of KDM5B has preferential binding to unmodified
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histone H3K4, whereas the type-3 PHD domain preferentially binds to histone
H3K4me2/3(di- and trimethylation). Surprisingly, the type-2 PHD domain has no binding
specificity to most of the common histone marks, such as histone H3K9, K27, K36, K79
and the histone H4K20. Yet, binding partner of type-2 PHD domain in KDM5B has not
been defined (Klein et al., 2014).

1.7 H3K4me2/3 demethylation by KDM5B

Since the type-3 PHD domain of KDM5B binds to its substrate, it suggests that there is
an uncommon demethylation mechanism for the H3K4me2/3. One hypothetical model
suggested that both type-1 and type-3 PHD domains need to be anchored into their
binding partner for the dimerized JmjN and JmjC domains to catalyze demethylation.
However, in this model, the ARID, Zinc finger binding domain and type-2 PHD do not
have any binding partners (Figure 1.8).
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Figure 1.7: lllustration of architectures of KDM5/JARID1 family in human, fruit fly
and yeast. The first four components from the N-terminal are most conserved among all
KDM5/JARID1 members. Also, high sequence homology of PHD1 indicates that the
binding mode of H3K4me0 by PHD1 is the most conserved.

Figure 1.8: Hypothetical KDM5B substrate (H3K4me3) binding model. The coloured
K4m circle represents histone H3K4 trimethylation while the K4 circle is unmodified
H3K4. The hypothetical mechanism takes place not on the PHD3-bound H3K4me3, but
on the adjacent nucleosomes that contain H3K4me3/2. During the demethylation, both
PHD1 and PHD3 remain bound, while the catalytic JmjC domain slides alongside,
searching for nearby substrates (Klein et al., 2014).
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1.8 Stem cell biology and pluripoptency

One significant breakthrough in stem cell biology came in 1981 when the first mouse
stem cell line was isolated and maintained in a pluripotent state independently by Gail R.
Martin and Matthew H. Kaufman (Martin, 1981; Evan and Kaufman, 1981). Since then,
the field of stem cell biology flourished rapidly and led to comprehensive
characterizations of stem cell potencies. Upon fertilization, oocyte quickly becomes a
single-cell zygote and then a two-cell zygote with the unique activation of its zygotic
genome, which is dependent on the typical cytoplasmic environment of oocyte.
Accumulated evidence suggested that totipotency starts depleting from the two-cell (2C)
stage to early morula (about 8 to 16 cells). Also, cells isolated after the 2C stage have not
been successfully developed into a fully functional organism (Lu and Yi, 2015). Embryo
beyond early morula is considered plenipotent until early blastocyst. Mouse embryonic
stem cells (MESCs) are isolated from the inner cell mass (ICM) of blastocyst embryo
(Condic, 2014). Cells at this stage are now widely considered pluripotent, that is, being

able to differentiate into any cell types that are found in a mature organism (Figure 1.9).

The major challenge in culturing stem cell is maintaining pluripotency because in routine
culture media, stem cells undergo spontaneous differentiation once they are isolated from
ICM. The first successful attempt used the combination of fetal calf serum and mouse
embryonic fibroblast (MEF) feeder layers (Martin, 1981; Evan and Kaufman, 1981).
However, at that time, the substances that inhibit stem cell differentiation were not
defined, and therefore this practice was highly variable. In late 1980s, Leukemia
inhibitory factor (LIF) was first confirmed to have differentiation inhibitory activity as
LIF was isolated from Buffalo-rat liver (BRL) cells that were used to substitute MEF
(Smith and Hooper, 1987; Moreau et al., 1988). Since then, LIF/serum became a routine
medium for culturing stem cell although some mouse embryonic stem cell lines are
strictly feeder dependent. Recently, a defined medium was found to have steady and a
broad range of differentiation inhibitory effects. Instead of using serum, 2 small molecule
inhibitors acting on Mitogen-activated protein kinases (MAPKS) and glycogen synthase

kinase 3b (GSK3B) were used. This allowed all types of mESCs to retain pluripotency
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without the need of feeder cells (Figure 1.10). This serum-free stem cell media is now
referred to 2i/LIF (Ying et al., 2008).

In 2006, Shinya Yamanaka and his colleagues demonstrated the regaining of pluripotency
in reprogrammed somatic cells. The induced pluripotent stem cells (iPSCs), although
inefficient, were the first evidence that somatic cells could be reprogrammed by the
overexpression of four essential genes: Oct4. Sox2, KIf4 and c-Myc (Takahashi and
Yamanaka, 2006). Later studies showed that this reprogramming did not require all four
genes and they could be replaced (Okita et al., 2008). Also, co-expressing other
transcription factors such as Zic3 and Esrrb with these four genes showed increased
reprogramming efficiency (Sone et al, 2017). Together, these discoveries suggested some

degree of redundancy in the maintenance of stem cell pluripotency.
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Figure 1.9: Architectures of early embryonic development. A) Annotated human
blastocyst at 5-6 days. Embryonic stem cells are taken from ICM, which are considered
pluripotent but not plenipotent since they are not able to differentiate into either the polar
trophectoderm (PE) or mural trophectoderm (TE). Cells descended from ICM also exist
in postnatal life. Both TE and PE are considered as extraembryonic stem cells and they
differentiate into placental tissues (gestational functions). B) Chronological development
stage from single cell zygote to late blastocyst. Despite only 2-C stage showing totipotent
here, totipotency can remain until early morula stage (8-16 cells). In the developmental
timeline, plenipotent stem cells can turn into ICM, PE and TE, that is, both embryonic

and extraembryonic stem cells (Condic,2014).
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Figure 1.10: Schemes of LIF induced JAK -STAT signaling and 2i/LIF induced
signaling. A) JAK-STAT activation by LIF. Upon LIF stimulation, PI3K-AKT, STAT3
and MAP Kinase are activated. The activation of STAT3 by JAK is known to sufficiently
maintain pluripotency. Activation of PI3K-AKT can increase proliferation. The
activation of MAP kinase can trigger differentiation but this effect is overwritten by
STAT3 activation. B) Differentiation inhibitory activity with MEK and GSK3Db inhibitors.
Prolong activation of MAP kinase can induce differentiation. By including MEK
inhibitor, it reduces the risk of LIF-induced differentiation. GSK3 inhibitor is used to
mimic the activation of Wnts, which can further stabilize beta-catenin. The downstream
responder is TCF/LEF, which is important for c-MYC and cycD expression. (Melanie et
al., 2011 and Ohtsuka et al., 2015)
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1.9 The role of KDM5B in neurogenesis

KDMS5B/JARID1B has its known substrates H3K4me3/2, which are marks for gene
activation. Since KDM5B removes H3K4 methylation, losing KDM5B/JARID1B can
lead to potential latency of gene deactivation and misoriented gene expression. Complete
knockdown of KDM5B is embryonic lethal between E4.5and E7.5, which is a relatively
early embryonic stage right after implantation, suggesting severe developmental defects
can take place (Catchpole et al., 2011). Recent transcriptional and ChIP analysis revealed
that, depletion of KDM5B introduced significant upregulation of self-renewal genes,
thereafter impairing the differentiation landscape. Interestingly, genome-wide study
showed that KDM5B and its substrate H3K4me3/2 co-occurred at same promoters,
indicating that KDM5B had sole chromatin binding ability besides its catalytic function.
Also, it is reported that KDM5B occupies the promoters at Nanog and Oct4. However,
KDMB5B itself did not play a critical role in pluripotency maintenance or self-renewal
(Kidder et al., 2014; Schmitz et al., 2011 and Xie et al., 2011).

Previous study found that KDM5B knockdown greatly impairs neuronal differentiation in
mESCs by blocking the expression of genes in the neuronal axis, therefore resulting in
the abnormal formation of embryoid bodies (Dey et al., 2008). Transcriptional studies
identified that self-renewal associated genes of KDM5B knockdowns such as Oct4 and
Nanog failed to downregulate during differentiation, which is in line with the previous
findings. Cells with KDM5B knockdown do not pass differentiation day 8 after retinoic
acid induction, and no apparent neuronal networks were observed. In contrast to the early
knockdown, induced knockout of KDM5B after E12.5 show little to no effect to cell
survival and later neuronal development. Intriguingly, the induced knockout of KDM5B
also displayed no effect on H3K4me3 level, suggesting that demethylation of
H3K4me3/2 by KDM5B acts in a developmental stage dependent manner (Schmitz et al.,
2011).
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1.10 Previous study and preliminary data

Discovery of H2BK43me2

A previous study from our group in 2010 showed that methylated H2BK43 interacts with
chromatin binding-modules (CBMs). Although the reason this location was chosen for
study was not well explained, CBMs binding of this site were found to preferentially
occur on dimethyllysine but not on mono- or trimethyllysine (Liu et al., 2010). Also, in
our recent unpublished data, H2BK43mel was predicted to be a potential histone
methylation site with high confidence (P-value 0.824, Table 6) by deep learning
algorithms (Biggar et al., unpublished data).

Although our previous works had provided biochemistry foundations, under cell
physiological conditions, validation of KDM5B mediated H2BK43me2 demethylation
was still required. Unlike histone H3 and H4, histone H2B has relatively shorter N-
terminal tail. Many of the well-studied sites on histone H3 are located at its N- or C
terminal, such as K4, K9, K27, K36 and K79, where they are freely accessible by other
transcription factors or modification enzymes (Bhumik et al., 2007). However,
H2BK43mez2 is located in its globular domain bound by the DNA double helix, which
means it has less exposure to nucleoplasm. In fact, X-ray crystallography of histone H2B
showed that lysine at position 43 is placed very close to the phosphodiester backbone
(Figure 1.11), indicating there may be a binding between K43 and the DNA double helix
which also limits its exposure to proteins in the nucleoplasm. Nevertheless, in our
previous study (Figure 1.12), nucleosomes were dissolved in 1M guanidine
hydrochloride (pH 7.6). Although this is not an extremely harsh condition, DNA double
helix may be interrupted and H2BK43me2 exposed.

Our aim here was to confirm that histone H2BK43me2 was a true substrate of KDM5B
under cell physiological conditions. To solve this problem, we adopted both human breast
cancer cell lines and mESCs. Many studies showed that KDM5B was playing important

roles in neuronal differentiation (Dey et al., 2008 and Schmitz et al., 2011). If
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H2BK43mez2 is one of the targets of KDM5B, its methylation level should be affected by
the expression of KDM5B. Also, KDM5B overexpression is reported in MCF7 breast
cancer cells (Bamodu et al., 2016). KDM5B knockdown in MCF7 cells may cause
accumulation of H2BK43me2. Therefore, these two systems are suitable for examining

whether H2BK43me2 is a substrate of KDMB5B or not.
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Figure 1.11: Structure of nucleosome in cartoon representation (PDB code 5AV8). A)
H2A (grey and purple) - H2B (grey and pink) dimer associated with DNA double helix
(beige) with lysine at position 43 of H2B showed in red stick. DNA double helix wind
around the H2A — H2B dimer, thus making the H2BK43 less accessible to other proteins.
B) Close-up image showing distance (indicated by dashed line) between H2B lysine 43
(red) and DNA double helix (cyan). The shortest distance between the positively charged
g-ammonium group and the negatively charged phosphodiester backbone (orange) is

measured as 3.4 angstrom, suggesting there is potential for an interaction.


https://en.wikipedia.org/wiki/Ammonium
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H2BK43me2 as a preferred substrate of KDM5B in vitro

Since we predicted that KDM5B may have an alternative substrate other than H3K4me3,
we further screened peptides listed in our 2010 publication. Surprisingly, previous results
from our group could not confirm histone H3K4me3 was the preferred substrate of
KDMB5B; instead, our data suggested that H2BK43me2 was the preferred substrate of
KDM5B compared to H3K4me3 in vitro (Figure 1.12 and Figure 1.13).

The histone binding pattern of KDM5B had been examined recently (Figure 1.14). So far,
most of known sites were identified on histone H3 and H4; yet not many studies had been
done on histone H2B. Knowing that KDM5B could catalyze H2BK43me2 demethylation
did not unveil enough details of how this recognition was achieved. Therefore, to
complete the biochemistry study, we aim to elucidate the binding mechanism between
KDM5B and H2BK43me2.
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Gene Forward primer Reverse primer
Oct4 TAGGTGAGCCGTCTTTCCAC GCTTAGCCAGGTTCGAGGAT
Sox2 AAGAAAGGAGAGAAGTTTGGAGC | GAGATCTGGCGGAGAATAGTTGG
C
Nanog TCTTCCTGGTCCCCACAGTTT GCAAGAATAGTTCTCGGGATGAA
18S CGGCTACCACATCCAAGGAA GCTGGAATTACCGCGGCT
GAPDH | TCACCACCATGGAGAAGGC GCTAAGCAGTTGGTGGTGCA
Pax6 TACCAGTGTCTACCAGCCAAT TGCACGAGTATGAGGAGGTCT
Nestin CCCTGAAGTCGAGGAGCTG CTGCTGCACCTCTAAGCGA
TrkB CTGGGGCTTATGCCTGCTG AGGCTCAGTACACCAAATCCTA
GFAP CGGAGACGCATCACCTCTG AGGGAGTGGAGGAGTCATTCG
Ascl GCAACCGGGTCAAGTTGGT GTCGTTGGAGTAGTTGGGGG
Actb TCCTAGCACCATGAAGATC AAACGCAGCTCAGTAACAG
NeuroD1 | ACAGACGCTCTGCAAAGGTTT GGACTGGTAGGAGTAGGGATG
SYP CAGTTCCGGGTGGTCAAGG ACTCTCCGTCTTGTTGGCAC
Dmnt3B | AGCGGGTATGAGGAGTGCAT GGGAGCATCCTTCGTGTCTG
KDM5B | CTGGGAAGAGTTCGCGGAC CGCGGGGTGAAATGAAGTTTAT
(mouse)
KDM5B | CAATGCTGTGGACCTGTATGT TACGGAGGGTATAGTCCCTGG
(human)

Table 5: List of antibodies used in this study

Target Company Dilution
KDM5B/JARID1B Abcam 1:5000
Beta-actin Santa-Cruz 1:2000
Histone H2B EMD 1:5000
Histone H3K4me3 Active motif 1:5000
Histone H3K9me3 Active motif 1:5000
Histone H2BK43me2 Abcam 1:2000
Nestin Santa-Cruz 1:100
GFAP Sigma 1:100
ND-160 Sigma 1:100
Beta-I11 tubulin Santa-Cruz 1: 100
FLAG Sigma 1:5000
GST Santa-Cruz 1:2000

Table 6: Computer-predicted new histone methylation sites

Prediction | ID Name Site Prediction | ID Name Site
0.95 P07305 H1FO 147 0.954 P16403 HISTIH1C | 148
0.948 P07305 H1FO 172 0.95 P16403 HISTIH1C | 194
0.944 P07305 H1FO 193 0.949 P16403 HISTIH1C | 183
0.94 P07305 H1FO 136 0.945 P16403 HIST1IH1C | 206
0.937 P07305 H1FO 159 0.944 P16403 HISTIH1C | 172
0.909 P07305 H1FO 122 0.935 P16403 HIST1H1C | 137
0.85 P07305 H1FO 111 0.895 P16403 HISTIH1C | 110
0.932 Q8IZA3 H1FOO 189 0.891 P16403 HISTIH1C | 122













Appendix H. Phase-contrast and confocal microscopy of differentiated mESCs in the
neurogenesis axis. A) From upper left to lower right were day 3, day 5, day 7 and day 9
cells in differentiation media. Day 9 picture was taken under 200X total magnifications
while all other pictures were taken under 100X total magnifications. Neuronal networks
appeared clearly at Day 9. B) Immunostaining confocal microscopy of Day 12
differentiated cells. Cells that displayed strong signal of GFAP showed significantly
weaker signal of ND-160, suggested there was a mixed population in the culture.
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