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The highly homologous protein lysine
methyltransferases G9a and GLP, which catalyze
mono- and dimethylation of histone H3 lysine 9
(H3K9), have been implicated in various human
diseases.
Covalent inhibitors have been known to have
advantages such as (1) improving efficiency, (2)
lowering the dose, (3) increasing compliance due to
less-frequent dosing, (4) reducing the possibility of
drug resistance, and (5) targeting shallow binding
sites compared to conventional inhibitors
To take advantages of the covalent inhibitor, the
first-in-class G9a/GLP covalent irreversible
inhibitors, compound 1 and 8, were designed,
synthesized and evaluated their biological efficacy.

Biophysical characterization
of covalent inhibitors

Time dependent covalent modification

Screening of warheads by mass spectrometry

Growth inhibition
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Design of G9a/GLP covalent inhibitor
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By installing a few known covalent warheads to the C-2 position of the
quinazoline scaffold, we designed and synthesized several Cys1098targeting covalent inhibitors.
Only compound 1 and 8, which contain an acrylamide group, showed
covalent modification of G9a using (MS)-based analysis.

The formation of protein adduct by compound 8 at
different time points was monitored by mass
spectrometry.
The formation of the G9a-compound 8 adduct was
faster than that of the GLP-compound 8 adduct
especially on the result at 60 min.
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Reduction of H3K9me2 level
by covalent inhibitors

Co-crystal structure with compound 1

Biochemical characterization of covalent inhibitors

Compared to UNC0642, compound 8
exhibited significantly improved binding
affinity to G9a (5-fold) and slightly improved
binding affinity to GLP (1.3-fold).
Binding affinity of UNC0642 is Kd = 62 ± 16
nM for GLP, Kd = 230 ± 17 nM for G9a , and
binding affinity of compound 8 is Kd = 44 ± 1
nM for G9a, Kd = 46 ± 15 nM for GLP.
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Summary
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Cys1186

Cys1098
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IC50 for G9a
IC50 for GLP
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From the published co-crystal structure in
complex with UNC0638 (PDB ID: 3RJW), we
found that Cys1098 residue was close enough to
design covalent inhibitors based on UNC0638
scaffold.
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Compound 1
3100 ± 260 nM
1800 ± 240 nM

Compound 8
100 ± 6 nM
140 ± 5 nM

UNC0642
220 ± 14 nM
180 ± 21 nM

Compared to UNC0642, compound 1 was 14-fold less potent against
G9a and 10-fold less potent against GLP. Compound 8, however,
displayed 2-fold improved potency for G9a and similar potency for GLP
from the S-adenosyl-L-homocysteine hydrolase (SAHH)-coupled
enzyme assay.
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Covalent modification of compound 1 was
confirmed by co-crystal structures for G9a (PDB ID:
7T7L) and GLP (PDB ID: 7T7M).
We found that the binding pocket of G9a is slightly
enlarged compared to the binding pocket of GLP
It might help to find the optimum orientation of
covalent inhibitors for covalent modification.
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The reduction of the H3K9 dimethylation
(H3K9me2) level in MDA-MB-231 was
monitored.
Compound 8 showed better potency
compared to compound 1 and UNC0642.

Compound 8 was more
effective than compound 1 and
UNC0642 in suppressing the
growth of MDA-MB-231 cells.
Cellular effect of compound 1
and 8 was correlated with the
reduction of H3K9me2 level.
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We discovered two first-in-class
potent and selective G9a/GLP
covalent inhibitors, compounds 1
and 8, by targeting a cysteine
residue at the substrate binding
site of G9a and GLP.
Taken together, compound 8 is a
highly potent, selective and cellactive covalent inhibitor of G9a
and GLP, which could be a useful
chemical tool for investigating the
physiological and
pathophysiological functions of
G9a and GLP.
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