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Abstract

Site-specific lysine acetylation and methylation on histones are critical post-translational
modifications (PTMSs) that govern ordered gene transcription in chromatin. Mis-regulation of these
histone PTM-mediated processes has been shown to be associated with human diseases. Since the
2010 landmark reports of small molecules (+)-JQ1 and I-BET762 that target the acetyl-lysine
‘reader’ Bromodomain and Extra Terminal domain (BET) proteins, there have been relentless
efforts to develop epigenetic therapy with small molecules to modulate molecular interactions of
epigenome reader domain proteins with PTMs. In addition to BET, the other emerging targets
include non-BET acetyl- and methyl-lysine reader domains. This review covers the key chemical
modulators of the aforementioned epigenome reader proteins.
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1. Introduction

Epigenetic regulation of gene transcription plays a crucial role in normal cellular
homeostasis. Mis-regulation of this process via abnormal expression or mutations of key
proteins can lead to the onset and progression of a broad range of diseases including cancer
and inflammation.[1] These key proteins typically involved in epigenetic control of gene
transcription in chromatin are referred to as ‘writers’ [such as histone acetyltransferase
(HAT), histone lysine methyltransferase (HKMT)], ‘erasers’ [i.e. histone deacetylase
(HDAC), histone demethyltransferase (HDMT)] and ‘readers’ [i.e. bromodomains (BrDs),
chromatin organization modifier domains (chromodomains, ChDs), malignant brain tumor
(MBT) domains, plant homeodomain (PHD) and Tudor domains].[1-3] While writers and
erasers deposit or remove post-translational modifications (PTMs), respectively, epigenome
readers recognize these marks and in turn direct PTM-mediated protein-protein interactions
(PPIs) in regulation of gene transcription in the context of chromatin. These three types of
proteins work in close collaboration with other chromatin associated proteins to furnish
either a closed chromatin state responsible for gene transcriptional silencing or an open
chromatin state that dictates transcriptional activation (Figure 1). Such tightly regulated
molecular activities provide opportunities for therapeutic intervention of PPIs with small
molecule chemical inhibitors designed to target acetyl-lysine binding bromodomains (BrDis)
or methyl-lysine binding chromodomains (ChDis).[4, 5] Common PTMs include histone
lysine acetylation (KAc) and histone lysine mono-, di- or tri-methylation (Kme, Kme2, or
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Kme3). For the purposes of transcription, acetylation PTM is implicated in activation, while
methylation PTMs are associated with either gene activation or silencing.[6]

Small molecule chemical modulators of epigenome readers have established a new paradigm
in epigenetic therapy highlighted by several small molecule modulators of BrDs currently in
clinical trials (Supplementary Table 1) (https://clinicaltrials.gov/). As the field has evolved, it
is important to classify chemical modulators of epigenome readers as ‘chemical probes’ or
‘inhibitors’.[7] A ‘chemical probe’ has been defined by the Structural Genomics Consortium
(SGC) as an entity that exhibits binding to the target of interest with an in vitro potency
<100 nM (Kp or ICgp), selectivity >30-fold against other protein families, and cellular target
engagement <1 pM (http://www.thesgc.org/chemical-probes). Additional criteria for a small
molecule to be deemed as a chemical probe may include availability of a negative control
compound, acceptable toxicity profile, and even higher selectivity. One of the principal goals
of developing chemical probes is to increase the reliability of published literature along with
the robustness of target validation.[8] The term ‘inhibitor’ in this arena is now frequently
used to identify a chemical entity that cannot meet the stringent requirements of a chemical
probe or has missing data. The focus of this review is to highlight the representative
chemical modulators of epigenome reader domains that read acetylated and methylated
lysine PTMs in histones and transcription proteins.

Chemical modulators for acetyl-lysine binding domains

Sub-family |

Bromodomains are evolutionarily conserved modular domains in chromatin and
transcription-associated proteins and represent the first group of epigenome reader domains
that function to recognize KAc’s on histones and other protein.[9] Brds are ~110 residues in
length. The human genome comprises of 61 Brds that can be categorized into eight
subfamilies based on their sequence and structures (Supplementary Figure 1). Zhou and
colleagues [9] reported the first three-dimensional structure of the BrD of PCAF (p300/CBP-
associated factor) in both free form and in complex with a KAc mimic: acetylhistamine, and
discovered the bromodomain as the bona fide histone acetyl-lysine binding domain. The
BrD is composed of a left-handed bundle of four a- helices (az, aa, ag, and ac), and this
structure is conserved across the majority of BrDs (Figure 2A-B). The acetyl-lysine binding
site is a hydrophobic pocket formed by a large loop between az and aa (ZA loop) and a
shorter loop between ag and ac (BC loop). Most of the BrDs (48 cases) have a conserved
Asn in the BC loop, and all reported potent inhibitors have exhibited interactions with this
residue. There are few cases where in place of the Asn, a Tyr, Thr, or Asp (8, 4, or 1
example(s) respectively) is present. A second highly conserved structural feature in BrDs is
an arrangement of five water molecules stably bound at the bottom of the KAc recognition
site through hydrogen bond interactions with the protein residues. Representative chemical
modulators of the BrD subfamilies are depicted in Figure 3 and are discussed below in
detail.

PCAF (p300/CBP Associated Factor) is a multi-domain protein bearing a single BrD and is
predicted to be highly druggable.[10] Its deregulation has been linked to cancer, HIV
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infection, and neuroinflammation.[11-13] The Zhou group reported the first ever BrD
inhibitor called NP1 (Supplementary Figure 2) bound to PCAF.[14] The aniline scaffold
bearing NP1 interacted with a conserved asparagine (Asn 798) and showed a disruption of
the PPI between PCAF and HIV-1 Tat, providing a direct proof of concept that small
molecules can bind to BrDs and disrupt PPIs. Of the PCAF inhibitors reported so far
compound 1 (ICsg = 13 nM AlphaLISA) (Figure 3) and its analogs developed by
Constellation/Genentech were shown to be very potent but lacked selectivity over other
BrDs.[11] CERCZ (Cat Eye Syndrome Chromosome Region, candidate 2), is another highly
druggable target.[10] Chemical probe NVS-CERC2-1 displayed high affinity (ICsq = 47
nM, Kp =80 nM) and robust in-cell target engagement (0.1 uM, FRAP assay) [http://
www.thesgc.org/chemical-probes/NVS-1]. BPTF (FALZ), another highly druggable target,
[10] has been linked to bladder and colorectal cancers, melanoma, and leukemia. The 1°F
assay was used to discover AU1 (Kp = 2.8 UM), which is a weakly active inhibitor of BPTF.
[15]

Sub-family I

This group is also called the BrD and Extra Terminal (BET) and comprises four proteins
(BRD2, BRD3, BRD4, and BRDT) each containing two N-terminal BrD modules (BD1 and
BD2). This is the most intensely studied family with 17 BET BrD blocking molecules
(BETi’s) currently in clinical trials (Supplementary Table 1; as of April 7, 2017). The field
of epigenetic drug discovery gained significant momentum after the 2010 reports of two
triazolodiazepine BET BrDis: (+)-JQ1[16] and I-BET762.[17] Quinazolinone RVX-208 is
the most advanced BETi that has reached phase 111 clinical trails for type 1l diabetes
mellitus, coronary artery disease, and cardiovascular disease. Four diazepines (OTX-015,
CPI1-0610, I-BET762, TEN-010) and pyrrolo[2,3-c]pyridine derivative ABBV-075 are at
various stages of clinical trials, mostly for cancer therapy. Recent reviews[2—4, 18-20] have
covered the extensive work done on BETi’s and have underscored their potential.

All BET BrDs display 95% sequence identity in the KAc binding site, 75% sequence
identity in the N-terminal tandem domains (BD1 and BD2), and 38% cross-domain
sequence identity. Chemical probes that are highly selective between different BET family
members (e.g. BRD2 vs BRD4), different bromodomains of the same protein (e.g. BRD4-
BD1 vs. BRD4-BD2), or similar bromodomains of different BET family members (e.g.
BRD4-BD1 vs. BRD2-BD1) are key in understanding the individual role of these proteins.
RVX-208 is 15-30 fold selective for BD2s of BET family members over their BD1s. Three
compounds reported by the Zhou lab [21, 22] — MS436, MS611 (both diazobenzenes), and
Olinone (tetrahydro-5AH-pyrido[4,3-6]indolone) — show preference for BET BD1s over their
BD2s. The same group recently reported a BD1-selective vinylogous amide MS402 that
prevents and ameliorates T-cell transfer-induced colitis in mice.[23] The ‘bump-and-hole’
approach was utilized by Ciulli et al.[24] where-by the ethyl derivative of I-BET762 showed
that it binds leucine/alanine mutant BrDs with nanomolar affinity and achieves up to 540-
fold selectivity relative to wild-type BrDs.
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Sub-family 1l

CBP(CREBBP/KAT3A) and p300 (EP300/KAT3B) have a high degree of sequence identity
and are linked to Rubinstein-Taybi syndrome, cancer, inflammation, and neuropsychiatric
disorders.[25-28] The Zhou group reported tetrahydrocarbazolone MS7972 (CBP Kp=19.6
UM)[29] and diazobenzene Ischemin (CBP Kp = 19.0 uM)[30] confirming that the CBP
active site could tolerate diverse scaffolds. Starting from a fragment hit, Hay et al.[31]
developed a series of 5-isoxazolyl-benzimidazoles, of which SGC-CBP30 emerged as a
potent (CBP Kp=21nM, p300 Kp= 32 nM) and selective (40-fold selectivity for CBP over
BRD4-BD1) analog. Oxazepine I-CBP112 was another potent (CBP Kp =208 nM, p300
Kp =343 nM) and selective (26-fold selectivity for CBP over BRD4-BD1) inhibitor that
also sensitizes leukemic cells to JQ1 treatment.[32] The PH/P(2) BrD has been predicted to
be highly druggable[10] and is implicated in metastatic melanoma. Mildly active, compound
2 (IC5p = 128 uM) is the best hit reported so far.[33]

Sub-family IV

Understanding the biological function of BRD7and BRDZ from this group is of interest to
multiple research groups. Although their overall sequence similarity is low (36%), their
BrDs share 72% sequence identity.[34] Fragment based screening lead to quinolone LP99
(BRD9 ICs0 = 99 nM, BRD7 ICgy = 909 nM) that elucidated the role of BRD7/9 in
inflammatory pathways. Structure-based drug discovery afforded thienopyridone 1-BRD9
(BRD9 Kp =50 nM) with 700-fold selectivity over the BET family and 200-fold over
BRD7, and was used to identify genes regulated by BRD9 in Kasumi-1 cells involved in
oncology and immune response pathways.[35] Two potent and selective pyridinones,
B1-7273 (BRD9 IC5p = 19 nM, BRD7 IC5q = 117 nM) and BI1-9564 (BRD9 ICsy = 75 nM,
BRD7 ICgp = 3410 nM) were shown to modulate BRD9 bromodomain cellular function and
display antitumor activity in an AML xenograft model.[36]

The BRPF (Bromodomain and PHD Finger-containing) family of BRPF1, BRPF2/BRD1,
and BRPF3 functions in assembly of MY ST-family HAT complexes. A benzimidazolone
GSK6853 was reported as a potent (plCsq = 8.1), soluble, cell active, and highly selective
(>1600-fold in BROMOscar) inhibitor of the BRPF1 BrD, and revealed properties suitable
for in vivo studies.[37]

ATADZ overexpression is linked to a variety of cancers, however its BrD is predicted to be
among the least druggable.[10] Naphthyridone 3 exhibits excellent potency (ATAD2 Kp=8
nM) and selectivity (>2.8 log units over BRD4 BrDs).[38] Its enantiomer is significantly
weaker against ATADZ2; therefore serves as a useful negative control. The design of this
compound was the first instance wherein CF, was validated as a polar hydrophobic isostere
of SO,.

Sub-family V

BAZZA overexpression has been linked to prostate cancer. Mutations in BAZ2B have been
linked to sudden cardiac death, and its overexpression negatively affects pediatric B cell
acute lymphoblastic leukemia (B-ALL) outcome. However these proteins have been
considered the least druggable.[10] Structure-based discovery produced a potent, selective
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and cell active inhibitor called BAZ2-1CR (BAZ2A ICsq = 0.13 uM, BAZ2B 1C5y = 0.18
uUM).[39] BrDs from TRIMZ4 have also been considered interesting targets and inhibitors
have been reported against these.

No Inhibitors have been reported for Sub-family VI.

Sub-family VII

TAFI1(2) inhibitor, compound 4 bears a pyrrolopyridone core and displayed excellent
binding affinity (1C5¢ = 46 nM) and selectivity (30-fold over BRD9).[40].

Sub-family VI

PBI contains six BrDs, while SMARCAZ and SMARCA4 each have a single BrD. All three
have been associated with multiple cancer types. PFI-3 demonstrated excellent potency
[PB1(5) Kp=54 nM, SMARCA2/SMARCA4 Kp< 0.1 uM] and selectivity against >40
BRDs from other families.[41]

Chemical modulators for methyl-lysine binding domains

MBT family

Some of the key methyl-lysine PTM reading families include the malignant brain tumor
(MBT) domains (9 members), chromodomains (29 members), plant homeodomain (PHD)
fingers (99 members), Tudor domains (41 members), and proline-tryptophan-tryptophan-
proline (PWWP) domains (24 members).[5] Methyl-lysine reader domains are emerging as
an important class of targets with antagonists reported for members of the former four
families. The latter four families along with another family, the plant Agenet domains,
collectively embody the Royal family domains.[42] A WDA40 repeat-containing protein, the
embryonic ectoderm development protein (EED) is also known to recognize methyl-lysine
PTMs.[43]

A methyl-lysine binding site in a reader protein usually comprises two to four aromatic
residues (typically Tryptophan, Phenylalanine, and Tyrosine) and is referred to as an
‘aromatic-cage’ (Figure 2C—F). Depending on their size, shape and charge, the Kme, Kme2,
and Kme3 residues engage in cation-r and hydrophobic interactions in the aromatic cage.
Based on their binding mode, Patel et al.[44] classified methyl-lysine binding readers into
‘cavity-insertion’ and ‘surface-groove’ binders. In the cavity-insertion binding mode, the
methylammonium is buried deep within a protein cavity. In the surface-groove binding
mode, the methyl-lysine lies along a protein surface groove.

MBT domains bind to mono- or di-methylated lysine causing transcriptional repression.
Their role in oncogenesis, and their high-predicted druggability makes them promising
targets.[45] Frye and co-workers reported the first ever inhibitors targeting a methyl-lysine
reader protein, in form of UNC669 (Kp=5 uM, MBT domain of L3MBTL1).[46] UNC669
was equipotent against the highly similar L3MBTL3. Additional analog design lead to
UNC926 (ICgg = 3 uM, L3MBTLL).[47] The same group targeted the L3AMBTL3 domain
leading to potent inhibitor UNC1215 (Kp = 120 nM, L3MBTL3).[48] This inhibitor binds
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to L3AMBTL3 at its two MBT domains in a 2:2 complex as indicated by its co-crystal
structure. Compound UNC2533 (Kp = 370 nM, L3MBTL3) displayed a similar 2:2 binding
mode.[49] UNC1215 was at least 50-fold selective over other MBT proteins in the assay,
and served as a chemical probe for further studies in which L3MBTLS3 function was studied.
[50, 51] Optimization of UNC1215 lead to L3MBTL3 inhibitors UNC1679 (Kp = 470 nM)
and 5 (Kp =350 nM), which were 150- and 380- fold selective over L3MBTL1.

Chromodomain family

PHD family

The HP1 (CBX -1, -3, -5) and CBX (CBX -2, -4, -6, -7, -8) sub-families have been the focus
of research efforts. Both sub-families are associated with gene repression by binding to
H3K9me3 and H3K27me3 marks, and facilitate a surface groove-binding mode of
inhibitors. CBX7 has been predicted to be the most druggable member and is implicated in
several cancers.[45] The Hof lab[52] reported the first CBX7 antagonists, in form of several
5-mer peptides (Kp = 0.2-4.1 pyM). The best peptide 6 had a Kp of ~200 nM for CBX7 and
a 10/400- fold selectivity over CBX8/CBX1. The Frye group [53] reported a cell permeable
peptide UNC3866 (Kp~100 nM CBX4 and CBX7) that is 6- to 18- fold selective over
seven CBX and CDY chromodomains. This peptide demonstrates target engagement via a
biotinylated derivative, inhibits PC3 prostate cancer cells, and also has a negative control
called UNC4219.

The first small molecule inhibitor of CBX7 was reported by the Zhou group in form of
MS37452 (Kp =29 puM) which displayed 3-fold selectivity over CBX4 and 10-fold
selectivity over CBX2/6/8.[54] MS37452 decreased the occupancy of CBX7 on the
INK4A/ARF locus in human prostate cancer cells, as revealed by chromatin
immunoprecipitation. In addition, de-repression of gene products p14ARF and p16!NK42 was
also demonstrated. Further optimization lead to upto 7- fold increase (K;= 4.8 uM) in
potency but showed decreased cell permeability.[55] The same report[55] described another
class of small molecule inhibitors of CBX7 that act by an allosteric mechanism and is
represented by MS351 (Kp = 23.8 uM CBX7). The binding of this substituted
benzimidazole to CBX7, induces binding of ANMR/L RNA to a neighboring binding pocket
on CBX7. MS351 was also shown to induce p16'NK4a de-repression.

A CBX6 inhibitory peptide 7 (Kp = 0.9 pM) was identified by the Hof group that displayed
7-90 fold selectivity over CBX1/2/4/7/8.[56]

PHD fingers can recognize methylated, unmethylated, and acetylated lysine residues. They
are linked to cancer and immune disorders. The PHD finger of JARID1A was the first
member of the PHD family to be targeted.[57] WAG-003 bound JARID1A with an ICsgq of
30 UM, but exhibits lack of selectivity as it has similar affinity for the PHD domains of
JMJID2A and ING2. The PHD finger of Pygo protein was the second PHD finger to be
targeted. An NMR fragment screen identified weakly active inhibitors CF4 and CF16 with
weak binding affinities of 2.5 and 7.3 mM respectively.
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Tudor domain family

Tudor domains play a role in RNA metabolism, histone modification, DNA damage
responses, and development. The tandem Tudor domain of a protein 53BP1 recognizes
H4K20me2 and is associated with DNA damage. 53BP1 is implicated in immune responses
and oncogenesis as indicated by knockdown studies. UNC2170 (Kp = 22 uM) was >17-fold
selective for 53BP1 over other proteins in the screen.[58] Another protein SPIN1 contains
three Tudor-like domains, of which domain-2 displayed strong affinity for H3K4me3. SPIN1
was shown to be highly expressed in several tumor types. Inhibitor A366 interacted with
SPIN1 with an 1Cgq of 200 nM.[59]

WD40 repeat-containing proteins

With 349 human WDA40 repeat-containing proteins, the WD40 domain is one of the most
abundant domains, and it functions as a protein-protein or protein-DNA interaction platform
to regulate several different cellular processes.[60] The WD40 repeat-containing protein
EED is one of the core subunits of PRC2 complex (Figure 1).[43] Dysregulation of PRC2 is
observed in multiple cancers. A report from Novartis[61] demonstrated that inhibition of
PRC2 by pharmacologically targeting EED is a viable strategy to accomplish anticancer
effect. Prudent modifications of a high-throughput screen (HTS) derived hit, afforded potent
(Kg = 82 nM) and selective allosteric inhibitor EED226 that was shown to directly bind the
H3K27me3 pocket of EED, and induce regression of tumor xenograft in vivo. This inhibitor
is active against cancer cells with acquired resistance to SAM-competitive EZH2 inhibitors,
and also shows a synergistic effect against cancer cell growth in combination with EZH2
inhibitors. An account from AbbVie,[62] identified A-395, a highly potent (Kg = 1.5 nM)
and selective allosteric antagonist of EED that also binds in the H3K27me3 pocket, shows
strong efficacy against a human tumor xenograft model, and can potently inhibit
proliferation of EZH2 inhibitor resistant cell lines. A-395 was derived by optimization of a
lead obtained from a high throughput thermal shift assay (TSA). It also has a closely related
negative control A-395N. Both EED226 and A-395 modulate H3K27 methylation in cells.
The Frye lab[63] used weakly active peptide Jarid2 against EED (ICsq ~ 15 pM) as a
starting point, and devised a paired combinatorial and structure-based optimization approach
to identify UNC5114 (IC5p ~ 2 uM) and UNC5115 (ICsq ~ 4 uM) as small peptidomimetic
ligands of EED with improved physicochemical properties. These ligands also function as
allosteric modulators to abrogate PRC2 activity. It is worth noting that the aforementioned
ligands of EED induce a rearrangement of the aromatic cage in the H3K27me3 binding
pocket of EED; such an outcome is not trivial to design or predict using a traditional
structure based drug design program. It is positive to see industrial interest in methyl-lysine
readers evident by their efforts in developing robust high-quality HTS assays that are
required productive drug discovery. This practice is bound to open up new chemical space
for this class of targets. Inhibitors have been reported for another WD40 repeat containing
protein, WDRS5.[64, 65] As this protein binds methylated arginine PTMs, it is not discussed
in detail here.
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Conclusions

Epigenome readers are promising targets for development of therapies for a broad range of
human diseases. Of the eight sub-families of acetyl-lysine reader domains, remarkable
advances have been made for the BET family proteins, with several BET antagonists being
evaluated in clinical trials and several reports of chemically diverse BET family antagonists.
Selectivity between BrDs and BD1/2 of BET proteins remains a formidable challenge.
Promising inroads for six other BrD sub-families have recently been made with the
discovery of potent chemical modulators for even difficult to target BrDs including those of
ATAD2, BAZ2A and BAZ2B. Structure based and fragment based drug design have been at
the forefront of chemical probe and inhibitor development. Chemical modulators for methyl-
lysine reader domains have been discovered for the MBT, Chromodomain, PHD, and Tudor
domain families. Although this area is lagging behind relative to BrDs, potent and selective
peptides like UNC1215 and UNC3866, and moderately active small molecules are leading
the way for the development of future analogs. Altogether, these epigenome reader chemical
modulators seem to be paving the way to the emergence of new epigenetic therapies for a
wide array of human diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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bromodomains
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Figure 1. Scheme illustrating modulation of chromatin structure changes and gene transcription
by histone modifications

Chromatin exists in a condensed or closed state, (known as heterochromatin) (top), or in an
open state (euchromatin) (bottom), which correlates to gene transcriptional silencing or
activation, respectively. Change of post-translational modifications (PTMSs) such as removal
of histone H3 lysine 27 tri-methylation (H3K27me3, red hexagons) by histone
demethyltransferase (HDMT) followed by lysine acetylation (green triangles) by histone
acetyltransferase (HAT) can covert heterochromatin to euchromatin. The reverse process, i.e.
conversion of euchromatin to heterochromatin, can be catalyzed by action of histone
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deacetylase (HDAC) followed by histone lysine methyltransferase (HKMT). Top: The
H3K27me3 PTM is added by a lysine methyltransferase EZH2 (Enhancer of zeste homolog
2) that is part of the Polycomb Repressive Complex 2 (PRC2). Following this, the
methylated PTM is bound by PRC1, via the chromodomain (ChD) of the chromobox protein
CBX7. This results in chromatin condensation and target gene repression. The protein-
protein interaction (PPI) between CBX7 ChD and H3K27me3 can be disrupted by an
inhibitor (ChDi) to result in gene transcriptional de-repression. Bottom: The H3Kac PTM is
added by a HAT that is part of the SWI/SNF (SWItch/Sucrose Non-Fermentable)
nucleosome remodeling complex. Following this, the acetylated PTM is bound via the
bromodomain (BrD) of the complex. This dislodges DNA from its core histones due to an
increase in steric hindrance and a decrease in positive charge, making it more accessible to
transcription factors and other cofactors, allowing for target gene activation. The PPI
between BrD and H3K27me3 can be disrupted by an inhibitor (BrDi) that results in gene
transcriptional deactivation.
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Figure 2. Molecular basis of ligand recognition by the bromodomains
A. Crystal Structure of human BRD4-BD1 in complex with a diacetylated histone 4 peptide

(H4K12acK16ac) (PDB: 3UVX). The left-handed bundle of four a.- helices (az, aa, ag,
and a.¢) along with the ZA and BC loop are displayed. In the binding pocket, the right KAc
forms a hydrogen bond with Asn 140 and a water-mediated hydrogen bond with Tyr 97. The
interactions shown here along with the array of bound water molecules are conserved in
majority of human BrDs. Note that KAc also forms a water-mediated hydrogen bond in the
ZA loop with the hydrophobic “WPF” shelf. B. Crystal Structure of human BRD4-BD1 in
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complex with a small molecule inhibitor MS402 (PDB: 5ULA). C. Crystal structure of
L3MBTLL in complex with H4K20Me2 peptide (PDB: 2RJF). Interactions of K20Mez2 in
the aromatic cage are displayed. D. Crystal structure of L3MBTL1 in complex with
UNCG669 (PDB: 3P8H), an example of a “cavity insertion’ type binding mode. E. Crystal
structure of chromobox homolog 7 (CBX7) chromodomain (ChD) with H3K27me3 peptide
(PDB: 4X3K). Interactions of K27Me3 in the aromatic cage are displayed. F. Crystal
structure of CBX7 ChD with a small molecule inhibitor MS37452 (PDB: 4X3T), an
example of a ‘surface groove’ type binding mode.
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Figure 4. Representative chemical modulators of methyl-lysine binding domains categorized by
the target family
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