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ABSTRACT

Protein families involved in chromatin-templated events are emerging as novel target
classes in oncology and other disease areas. The ability to discover selective inhibitors
against chromatin factors depends on the presence of structural features that are unique to
the targeted sites. To evaluate challenges and opportunities towards the development of
selective inhibitors, we calculated all pair wise structural distances between 575
structures from the protein databank representing 163 unique binding pockets found in
protein domains that write, read or erase post-translational modifications on histones,
DNA and RNA. We find that the structural similarity of binding sites does not always
follow the sequence similarity of protein domains. Our analysis reveals increased risks of
activity across target-class for compounds competing with the cofactor of protein
arginine methyltransferases, lysine acetyltransferases and sirtuins, while exploiting the
conformational plasticity of a protein target is a path towards selective inhibition. The
structural diversity landscape of the epigenetics pocketome can be explored via an open-

access graphic user interface at thesgc.org/epigenetics_pocketome.



INTRODUCTION

Epigenetic mechanisms control gene expression profile and cell fate in response to
environmental and chemical cues. This complex regulation machinery relies mainly on
the chemical modification of DNA and histone proteins at specific genomic loci'?. RNA
methylation is also emerging as a mechanism to regulate miRNA-mediated control of
transcription™®. These post-translational modifications are written, read and erased by
catalytic and binding domains found in chromatin factors. Pharmacological targeting of
these structural protein modules is an emerging therapeutic strategy in cancer and
potentially other disease areas’: DNA methyltransferase (DNMT) and histone deacetylase
(HDAC) inhibitors are approved against myelodysplatic syndrome, leukemia and
lymphoma®’, while inhibitors of protein methyltransferases (PMT) and bromodomains —
binding modules that read acetylated lysines on histone tails — are in Phase II or III

clinical trials®.

The development of potent and selective inhibitors of chromatin factors has become the
focus of intense effort in the drug discovery community. Selective inhibition relies on
the structural uniqueness of the targeted binding site. Appreciation of the structural
diversity of a given binding pocket across an entire target class can reveal which are the

most similar binding sites, and where are the main risks of off target activity.

We have analyzed the structural diversity of all currently known targetable binding
pockets across twenty epigenetic target classes for which a structure is available. The
resulting landscape of the epigenetic pocketome highlights differences between sequence

similarity of protein domains and structural diversity of binding pockets, and reveals



unexpected variability in the structural diversity of cofactor binding sites from one target
class to another. Gene-specific data is available to the community in an open access

format through an online interface at thesgc.org/epigenetics pocketome/.

MATERIALS AND METHODS
Database assembly

All structures of epigenetic target classes were retrieved from the Chromohub database’.
A script in ICM (Molsoft LLC, San Diego) was used to automatically filter-out structures
where the pocket was not occupied by chemical matter (substrate, inhibitor, molecule
from the -crystallization buffer): all structures were automatically aligned onto
representative template structures with a bound ligand for each target class; target
structures were kept only when a bound molecule was found within 1 A from the

reference ligand.
Calculation of structural distances between pockets

The ICM atomic property field method was used to calculate structural distances between
any two pockets'®. Pockets are defined as the ensemble of atoms within 5.5A of the
bound ligand. Since the nature of the ligand has an impact on the definition of the pocket,
ligands from the native structures were replaced with reference ligands that were unique
to a target class or phylogenetic subfamily. These reference ligands were generally
methylated or acetylated lysine or arginine. Two exceptions were bromodomains, where

the benzodiazepine JQ1 was used as it better occupies the binding site, and KDMs, where



we found that an artificial ligand composed of a lysine flanked by 2 glycines better

occupied the pocket.
Distance normalization

To make sure that relative structural distances (Dapr) could be compared within each

target class, APF distances (Eapr) were normalized as previously described 10,
Sapr = -tanh((Eapr -E0)/A0) , where EO=-250 & A0= 100

Dapr (A,B)= Sapr (A,A) + Sapr (B,B) - 2 Sapr (A,B)

Graphic user interface

Phylogenetic tree generation and data mapping on the trees were carried-out using the

technology previously described for Chromohub’.

RESULTS AND DISCUSSION
Structural Coverage

Current reversible inhibitors of chromatin factors are competing with either the cofactor-,
the substrate- or the ligand-binding site of their targets’. We collected from the protein
databank (PDB) the structures of binding pockets from human protein domains that write,
read or erase methyl or acetyl marks on histones, DNA and RNA. To ensure that the
analyzed pockets were not partially occluded by misfolded side-chains, we only kept

pockets occupied by chemical matter (substrate, natural ligand such as methyl-lysine



(Kme), cofactor, inhibitor, or molecule from the crystallization buffer). When multiple

structures were available for a given pocket, all were kept.

The resulting collection is composed of 575 structures representing 163 unique binding
pockets (Figure 1 and Supplementary Table S1). Included are the Kme binding site of 48
Kme reader domains, the acetyl-lysine (Kac) binding site of 21 bromodomains, the
cofactor (S-adenosylmethionine - SAM) binding site of 27 PMTs, 15 RNA-
methyltransferases (RNMTs), and 2 DNMTs, the substrate lysine or arginine binding
pocket of 11 PMTs and 10 lysine demethylases (KDMs), the cofactor (acetyl-CoA) and
substrate (lysine) binding pocket of 8 and 2 lysine acetyltransferases (KATs)
respectively, the substrate (Kac) binding site of 4 HDACs, and the cofactor
(nicotinamide-adenine dinucleotide — NAD) site of 5 sirtuins (SIRTs). Compounds
occupying allosteric sites of two PMTs have also been reported'' (PDB code 4QPP), and

these pockets were also included (Supplementary Table S1, Figure 1).
Validation of computed structural distances

Structural distances between all binding pockets were calculated by the atomic property
fields method implemented in ICM™. Briefly, continuous pharmacophoric properties
derived from atoms within 5.5A of the bound ligand are compared between any two
given binding pockets (see methods section for details). This method was applied in the

past to successfully cluster in a blind experiment all ligand-binding pockets in the PDB'°.

To test the relevance of this approach, we measured structural distances between the Kac
binding pockets of HDAC?2 (a class | HDAC) as well as HDAC4 (a class Ila HDAC) with

all other pockets in the database. Class Ila HDACs only have residual catalytic activity



due to the substitution of a catalytic tyrosine with a histidine, resulting in significant
alteration in the structural chemistry of the binding site (Figure 2)'*'". Indeed, we find
that the substrate pocket of HDACS, another class I HDAC, is significantly closer to
HDAC2 (structural distance SD=0.18) than class Ila HDACs (SD > 0.7) while the
pocket of HDACT7, a class Ila enzyme, is closer to HDAC4 (SD=0.34) than class I

HDACs (SD > 0.88) (Figure 2).

The cofactor site of PMTs was used a second validation experiment. PMTs can be
divided into two phylogenetic groups: SET domain methyltransferases, and Rossman fold
methyltransferases. Both groups of enzymes use SAM as a methyl-donating cofactor. The
bound conformation of SAM is conserved within each subfamily of PMT, but distinct
between the two families, which implies greater structural diversity in the SAM pocket
between the two groups' . Indeed, we find that structural distances from the cofactor
binding pocket of the SET domain PMT EHMT2/G9a are less than 0.75 for all SET
domain methyltransferases (with the exception of SMYDI1: SD=0.86), while PRMTs,
DOTIL and other Rossman fold methyltranserases have SD values greater than 1.5
(Figure 2): off-target effects of SAM competitors can be avoided between PRMTs and

SET domain methyltransferases.
Sequence conservation does not always dictate pocket similarity

Chances of off-target activity of an inhibitor are expected to increase with binding
domain sequence similarity. This trend can be observed for instance on the phylogenetic
tree of bromodomains. Kac binding pockets found in the BET bromodomain

phylogenetic subfamily (BRD2, BRD3, BRD4, and BRDT) are structurally close (0.03 <



SD < 0.25) to the Kac binding pocket of BRD4(1) (first bromodomain of BRD4), while
pockets found on non-BET bromodomains are more distant (0.5 > SD > 1.89) (Figure 3).
This is in agreement with the observation that current BRD4 bromodomain inhibitors,

some in the clinic, are poorly selective within the BET family'®.

An exception is the Kac binding pocket of CREBBP which is relatively close to the Kac
pocket of BRD4(1) (SD=0.24), while the CREBBP bromodomain is not a close
phylogenetic neighbour of BRD4(1) (31% sequence identity between the two
bromodomains). Superimposing the structures of the BRD4(1) and CREBBP Kac binding
pockets highlights a high structural similarity, the only significant difference being
substitution of C136 in BRD4 for A1164 in CREBBP (Figure 3). This exception indicates
that phylogenetic proximity does not necessarily correlate with binding pocket similarity.
Further supporting this notion, we observe that while BPTF is closer to BRD4(1) than
CREBBP in sequence (37% sequence identity between the bromodomains of BRD4(1)
and BPTF), its binding pocket is more distant (SD= 0.97 between Kac binding pockets of
BRD4(1) and BPTF) (Figure 3). Superimposing the BRD4(1) and BPTF structures
highlights numerous important differences, including substitution of L92 in BRD4 with
D101 in BPTF. Interestingly, we note that the only cross-activity observed for the BET
bromodomain (i.e. BRD2, BRD3, BRD4, BRDT) inhibitor PFI-1 1is with
CREBBP/EP300 (thermal stabilization of 2-3 °C at 10 pM)"’, and the only cross-activity
observed for CREBBP/EP300 bromodomain inhibitors is with BET bromodomains
(thermal stabilization of 2-3 °C at 10 uM)'®. This supports the notion that APF structural

distances correlate with experimental selectivity profiles.



Together, these results show that sequence conservation generally but not always

correlates with binding pocket similarity and off-target liability.
The SAM binding pocket is conserved in PRMTs and variable in RNMTs

PMT inhibitors currently in clinical trial (namely EZH2 and DOTIL inhibitors) are all
competing with the cofactor SAM °, and efforts are ongoing to target the cofactor binding
pocket of other PMTs and other epigenetic target classes such as DNMTs or RNMTs.
While the structural diversity of the SAM binding pocket was sufficient to develop highly
specific EZH2 and DOTI1L cofactor competitors, the chemical tractability of the cofactor

site of other targets is unclear.

To evaluate the chances of designing specific cofactor competitors, we measured the
structural diversity of the cofactor site of PMTs, RNMTs and DNMTs, which all use
SAM as a cofactor (Figure 4). We find that as a group, PMTs, RNMTs and DNMTs have
very variable SAM binding sites (median structural distance for the 903 pairs of SAM
binding sites where structures are available: 2.7). This indicates that, while SAM binds to
all these pockets, they are structurally divergent, and compounds that are not close
mimetics of SAM have low chances of acting as pan-inhibitors. The fact that potent
SAM-competing EZH2 or DOTIL inhibitors are inactive against other PMTs supports

this result'>?!.

We find that the structural diversity is still high when considering PMTs only (median
SD: 1.9). When focusing exclusively on SET domain PMTs, or exclusively on Rossman-
fold PMTs, the median SD is lower, but still greater than 0.5, which indicates sufficient

diversity to develop selective inhibitors. On the other hand, the median SD value



between the SAM binding sites of PRMTs drops below 0.05, indicating very high
structural similarity (Figure 4). For instance, structural distances from the SAM site of
CARMI are below or equal to 0.01 for PRMTI1, PRMT3 and PRMT6, and 0.1 for
PRMTS (Figure 5). Superimposing the SAM pockets of CARM1 and PRMT3 confirm a
high structural similarity (Figure 5). Similarly, we find close similarity between the

cofactor sites of DNMT1 and DNMT3A (SD=0.09).

The SAM binding site of RNMTs is much more diverse, as indicated by a median SD of
1.0 among the 91 pairs of genes with structures in the PDB (Figure 4). Superimposing the
structures of MEPCE and METTLI, which are both on the same phylogenetic branch of
the RNMT tree but separated by a structural distance of 0.31, clearly reveals extensive

structural differences between the two SAM binding sites (Figure 5).

We therefore find little variation in the SAM binding pocket of PRMTs, and much
greater diversity in RNMTs and SET domain PMTs. This indicates that finding selective
SAM competitors will be more challenging for PRMTs than it has been for EZH2, and
supports systematic screening of PRMT lead candidates against the entire target class to

avoid unanticipated off-target effects.

Low structural variability at the cofactor pocket of SIRTs and KATs

Sirtuins - which have deacetylase activity - and acetyltransferases, two other target
classes involved in epigenetic mechanisms, also rely on the recruitment of a cofactor,
NAD and acetyl-coA respectively, at dedicated binding pockets. To evaluate the chances

of developing selective cofactor competitors of SIRTs and KATs, we measured for each



of these protein family the structural distances separating all cofactor binding sites

present in the PDB.

We find that both binding sites are very conserved (Figure 4). This is especially the case
for the NAD pocket of SIRTs, where all pair wise structural distances are lower than
0.01, as illustrated by the superimposition of the SIRT1 and SIRT6 cofactor binding sites
(Figure 4, Figure 6A). The acetyl-CoA pocket of KATs is also highly conserved (median
SD across 36 pair wise distances < 0.1), and the only pocket that is significantly different
is the cofactor binding site of EP300. All structural distances from the acetyl-coA site of
HAT]1 are lower than 0.05, except EP300 (SD=1.19). Conversely, all structural distances
from the cofactor site of EP300 are greater than 0.35 (Figure 6 B,C). Overlaying
structures clearly shows high structural similarity between the cofactor sites of HAT1 and
KATS, which are distant on the phylogenetic tree, but high structural divergence between
the cofactor sites of EP300 and ATATI, which are close on the phylogenetic tree (Figure

5B,C).

Together, these results indicate that developing selective NAD and acetyl-CoA
competitors against SIRTs and KATs respectively is a challenging enterprise, with the

exception of EP300, which has a distinct acetyl-CoA binding pocket.

Conformational dynamics can increase structural diversity

The structural plasticity of a binding pocket can sometimes be exploited to develop
selective inhibitors: if a binding site can be remodeled in a conformation that is distinct

from its substrate- or cofactor-bound state, compounds that occupy this altered state



should have less chances of binding the substrate or cofactor pocket of phylogenetic

neighbours.

For instance, an activation loop is folding on the cofactor in the catalytically active state
of the PMT DOTIL, but undergoes a dramatic conformational rearrangement upon
binding of potent, selective DOTI1L inhibitors. The compounds exploit the remodeled
cofactor site, compete with the cofactor, and lock the enzyme in a catalytically inactive
state ****. The structural uniqueness of the remodeled DOTIL cofactor site translates in
greater structural distances from the SAM binding pockets of other methyltransferases:
while SAM-bound DOTIL has a structure that is relatively close to the cofactor site of
the RNMT TGS1 (SD=0.08) (Figure 7A), the closest pocket from the remodeled cofactor
site of DOTIL is the RNMT1 MEPCE, with a high SD of 0.43. Superimposing DOTI1L
and TGS1 structures confirms lower similarity with the remodeled conformation of

DOTIL (Figure 7A,B).

We find that the pockets most similar to the cofactor site of DOTIL are equally found
among RNMTs and PRMTs, but are not present in SET domain PMTs (Figure 7). This
should come as no surprise, since DOTIL, PRMTs and RNMTs are all Rossman-fold
methyltransferases, while SET domain PMTs are not. Intriguingly, the second closest
pocket to the SAM site of DOTIL is the cofactor pocket of PRMTS. Although weak, this
relative structural proximity is in agreement with the observed selectivity profile of the
picomolar inhibitor of DOT1L EPZ004777, which was tested against 10 PMTs and had
cross-reactivity only against PRMT5?'. We also note that, as in the DOTIL structure, a
flexible loop located next to the Rossman fold of PRMTS is folding on the cofactor,

suggesting that structural remodeling can also take place at the SAM pocket of PRMT5*.



Structural plasticity is not unique to the cofactor site of DOTIL. Conformational
dynamics at the post-SET secondary element of SET domain PMTs, and at the a-helix of
PRMTs results in significant remodeling of both cofactor- and substrate-binding sites,

and may translate in opportunities for the development of selective inhibitors® .

As future structures better delineate the structural plasticity of the epigenetic pocketome,

novel design strategies will surface for the development of potent and selective inhibitors.
Pocket similarity rationalizes epigenetic mark recognition

Recognition of specific post-translational modifications on histone side-chains by
dedicated reader domains is central to the interpretation of the histone code®’.
Methylation of lysine and arginine residues are among the most common histone marks,
and are read by a limited set of structural modules, including Tudor domains®®*’.
Aromatic cages composed of two to four aromatic side-chains positioned in an
orthogonal arrangement act as sensors of methylated lysines and arginines (Rme)**~’.
While aromatic cages found on PHD fingers, MBT, Chromo or PWWP domains are

binding Kme, aromatic cages found on Tudor domains bind either Kme or Rme®', and the

structural basis for histone mark specificity is not clearly understood.

We find that all pockets closest to the aromatic cage of SMNDC1, a Rme binding site, are
also Rme-binding aromatic cages found in Tudor domains, suggesting that well-defined
structural features are underlying selective recognition of methylated arginines (Figure
8A). Comparison of Tudor-domain aromatic cages sensing Kme and Rme side-chains
shows that the latter are systematically composed of four aromatic side-chains, two of

which are positioned in a parallel orientation. Quite similar arrangements are found in



some of the Kme binding pockets, such as the TP53BP1 aromatic cage (which is why
these Kme binding sites are almost as close to SMNDCI1 as Rme binding pockets), but a
distinctive feature of methyl-lysine binding pockets is that the two facing aromatic side-
chains are in close proximity (< 7.7 A between the center of the aromatic rings in all
cases). This results in efficient stacking of the guanidinium group, sandwiched between
the two facing aromatic rings. The distance is systematically larger (> 8.9A) in methyl-
lysine binding pockets, a necessity to accommodate a bulky methyl-ammonium group

(Figure 8A).

These observations suggest that the structural diversity landscape of the epigenetics
pocketome drawn in this work can provide some indications on the substrates recognized

by reader domains.

In this regard, we find that the closest pocket to the Kme3-binding aromatic cage of the
UHRF1 Tudor domain is the first MBT domain of L3MBTL (figure 8B). L3MBTL has
three MBT domains; the second domain is known to act as Kme binding site, but no
binding activity was reported for the first domain®”. Superimposing the two structures
confirms a very high similarity between the UHRF1 and L3MBTL binding sites (Figure
8B). It would be interesting to test biochemically whether the first MBT domain of

L3MBTL can indeed bind Kme.

CONCLUSIONS

The structural diversity landscape of the epigenetic pocketome drawn here provides

structural similarities between binding sites rather than sequence similarities between



protein domain sequences. This increased level of resolution is valuable to medicinal
chemists and biochemists that design, test and profile chemical compounds targeting
chromatin factors. This work reveals that cofactor sites of SET domain-PMTs and
RNMTs are more diverse than those of PRMTs, KATs and sirtuins: compounds targeting
the latter should be systematically profiled against the entire target class to identify
probable off-target activity. Exploiting the structural plasticity of binding pockets
(observed in numerous chromatin factors) can significantly increase the selectivity profile
of inhibitors. Selective allosteric inhibition of an epigenetic target, PRMT3, was also
reported and it will be interesting to see novel inhibitory mechanisms emerge in the
future ''. Finally, an online graphic user interface brings all the data generated in this
work and future updates to the epigenetics community at

thesgc.org/epigenetics pocketome.
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Supplementary Table S1, providing a list of the binding pockets and PDB structures used

in this work, can be found in the online version of this article
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FIGURE LEGENDS:

Figure 1: Structural coverage of the epigenetics pocketome. The ensemble of
structures collected in the PDB covers 163 binding pockets (highlighted in red) across 18
classes of protein domains that write, read and erase post-translational modifications on

histones, DNA and RNA.

Figure 2: Structural distances accurately distinguish Class I from Class II HDAC:s,
as well as SET-domain from Rossman fold SAM pockets. Structural distances from
the Kac binding pocket of HDAC2 (top left), and HDAC4 (top right) are mapped on a
phylogenetic tree of the HDAC family. Structural distances from the cofactor binding
pocket of EHMT2/G9a are mapped on the phylogenetic trees of SET-domain and
Rossman-fold PMTs (bottom). Structural differences between the Kac binding pockets of
Class I and Class Il HDACs are shown (PDB codes are HDAC2: 4LXZ, HDAC4:2VQM,

HDAC7:3C0Z, HDACS8:1T69).

Figure 3: Pockets from phylogenetically distant isoforms are not necessarily the
most distant structurally. Structural distances from the Kac binding pocket of BRD4’s
first bromodomain are mapped on a phylogenetic tree. Structural differences between the
Kac site of BRD4(1) and CREBBP (left) or BPTF (right) are highlighted. When multiple
bromodomains are present in a protein, the bromodomain number is indicated in

parenthesis.

Figure 4: Structural diversity landscape of cofactor binding pockets. The distribution
of minimum pair wise distances separating all pockets with holo-structures in the PDB is

shown as boxplots for cofactor binding sites of epigenetic target classes. An estimate of



the minimum distance necessary to develop selective inhibitors is indicated with a dashed
horizontal bar. When several structure of the same pocket are present in the PDB, all
distances are calculated and only the minimum distance is used. The number of minimum

distances is indicated in parenthesis.

Figure 5: The structural diversity of the SAM binding site varies from one target
class to another. (A) Structural distances from the SAM binding pocket of CARM1 are
mapped on a phylogenetic tree of Rossman fold PMTs (top); the few structural
differences between the SAM pockets of CARMI1 (PDB: 4IKP) and PRMT3 (PDB:
2FYT) are shown (bottom). (B) Structural distances from the SAM binding pocket of the
RNMT MEPCE are mapped on a phylogenetic tree of RNMTs (top); the large structural
differences between the SAM pockets of MEPCE (PDB: 3G07) and METTL1 (PDB:

3CKK) are shown (bottom).

Figure 6: Low structural diversity at the cofactor site of SIRTs and KATs. (A)
Structural distances from the NAD binding pocket of SIRT1 are mapped on a
phylogenetic tree of human SIRTs (top); the few structural differences between the NAD
pockets of phylogenetically distant SIRT1 and SIRT6 are shown (bottom). (B) Structural
distances from the acetyl-CoA binding pocket of HAT1 are mapped on a phylogenetic
tree of KATs (top); the few structural differences between the acetyl-CoA pockets of
HAT1 (PDB: 2POW) and KATS5 (PDB: 20U2) are shown (bottom). (C) Structural
distances from the acetyl-CoA binding pocket of EP300 are mapped on a phylogenetic
tree of KATs (top); the numerous structural differences between the acetyl-CoA pockets

of EP300 (PDB: 4PZR) and ATAT1 (PDB: 4GS4) are shown (bottom).



Figure 7: Altered pocket conformation increases structural diversity. (A) Structural
distances of SAM binding sites from the cofactor pocket of DOT1L bound to SAM are
listed (left) and outlined on phylogenetic trees (right). The structural similarity between
the cofactor-bound pockets of DOTIL (PDB: 1INW3) and TGS1 (PDB: 3GDH) is
detailed. (B) Structural distances of SAM binding sites from the remodeled conformation
of the DOTI1L cofactor site in complex with the selective inhibitor EPZ004777 (PDB:

4ERS). Table and figures as above.

Figure 8: Pocket similarity correlates with histone mark recognition. (A-left): Kme
and Rme binding pockets from Tudor domains are listed along their structural distances
to the Rme binding site of SMNDCI1. (A-right): Structure of aromatic cages from Tudor
domains in complex with Rme and Kme. PDB codes: SMN1 [4A4E], SNDI[30MC],
TDRD3[3PMT], UHRF1[4GY5], TP53BP1[3LGL], MSL3L1[30A6]. (B-left): pockets
structurally closest to the Kme binding pocket of the UHRF1 Tudor domain. (B-right):
structures from the aromatic cages of the UHRF1 Tudor domain [4GYS5] and the first

MBT domain of L3MBTL [10Z3] are overlaid.

Supplementary Table S1: The Epigenetics pocketome. Table S1A: 163 unique binding

pockets included in this work. Table S1B: 575 PDB structures used in this work.
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SAM
SAM
SAM
mta
SAM
SAM
SAM
SAM
SAM
SAM
SAH
SFG
SAH
adp
SAH
SAH
SAH
SAM
mgp
NAD
APR
APR
AR6
AR6
CNA
sr7
NAD
AR6
oad
oad
CNA
1nqg
1nr
1ns
APR
epe
svr
NAD
cgk
CNA
APR
AR6
azn
APR
Kac
nhe
Rme2a
Kme3
Kme3



539 SPINDLIN SPIN1 2 4MZG Kme3

540 SPINDLIN SPIN1 2 4MZH Kme3
541 SPINDLIN SPIN4 1 4UY4 Kme3
542 TUDOR CCDC101 2 3MES Kme3
543 TUDOR CCDC101 2 3MEA Kme3
544 TUDOR CCDC101 2 3MET Kme2
545 TUDOR CCDC101 2 3MEU Kme3
546 TUDOR CCDC101 2 3MEV Kme3
547 TUDOR JMID2A 1 2GFA Kme3
548 TUDOR JMID2A 1 2QQS Kme3
549 TUDOR MSL3L1 1 30A6 Kmel
550 TUDOR MSL3L1 1 30B9 nhe
551 TUDOR PHF1 1 2M0O Kme3
552 TUDOR PHF1 1 4HCZ Kme3
553 TUDOR PHF19 1 4BD3 Kme3
554 TUDOR SMN1 1 4A4E Rme2s
555 TUDOR SMN1 1 4A4G Rme2a
556 TUDOR SMN1 1 4QQ6 36X
557 TUDOR SMNDC1 1 4A4F Rme2s
558 TUDOR SMNDC1 1 4A4H Rme2a
559 TUDOR SND1 1 30MC Rme2s
560 TUDOR SND1 1 30MG Rme2s
561 TUDOR TDRD3 1 2LTO Rme2a
562 TUDOR TP53BP1 1 2IGO Kme2
563 TUDOR TP53BP1 1 2LVM Kme2
564 TUDOR TP53BP1 1 3LGF Kme2
565 TUDOR TP53BP1 1 3LGL Kme2
566 TUDOR TP53BP1 1 3LHO Kme2
567 TUDOR TP53BP1 1 4CRI Kme2
568 TUDOR TP53BP1 1 4RG2 300
569 TUDOR UHRF1 1 2L3R Kme3
570 TUDOR UHRF1 1 3ASK Kme3
571 TUDOR UHRF1 1 3DB3 Kme3
572 TUDOR UHRF1 1 4GY5 Kme3
573 TUDOR UHRF1 1 4QQD 36X
574 TUDOR UHRF1 1 4QQD 36X
575 YEATS MLLT3 1 4TMP Kac
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