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Abstract

Selective inhibitors of protein lysine methyltransferases, including SET domain-containing protein
8 (SETD8), are highly desired, as only a fraction of these enzymes are associated with high-
quality inhibitors. From our previously discovered SETDS8 inhibitor, we developed a more potent
analog and solved a cocrystal structure, which is the first crystal structure of SETD8 in complex
with a small-molecule inhibitor. This cocrystal structure allowed the design of a covalent inhibitor
of SETD8 (MS453), which specifically modifies a cysteine residue near the inhibitor binding site,
has an ICsg value of 795 nM, reacts with SETD8 with near-quantitative yield, and is selective for
SETD8 against 28 other methyltransferases. We also solved the crystal structure of the covalent
inhibitor in complex with SETD8. This work provides atomic-level perspective on inhibition of
SETDB8 by small molecules and will help identify high-quality chemical probes of SETDS.
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Introduction

Protein lysine methyltransferases (PKMT) control epigenetic gene regulation and
carcinogenesis, and high quality small-molecule inhibitors of these enzymes are greatly
desired as research tools and therapeutics.1~3 PKMTs utilize the cofactor S-adenosyl-L-
methionine (SAM) to transfer methyl groups to lysine residues on target proteins, resulting
in lysine mono-, di-, or trimethylation. Many different proteins are substrates of PKMTSs,
including histones. The differential methylation state of histone lysine residues provides a
recognition platform for methyl-lysine binding proteins and is a fundamental part of the
epigenetic system of gene regulation.*=® Consequently, mutations or aberrant activity of
PKMTSs can dramatically change gene expression and cause cancer.”-10 High quality
inhibitors of multiple PKMTSs have been reported and some are now in clinical
development.3 11-14 However, selective inhibitors have not been identified for most PKMTs,
despite significant effort.3 11

Over 50 PKMTs are known, and all except DOT1L share the SET domain, named after
Drosophila Su(var)3-9 (suppressor of variegation 3-9), E(z) (enhancer of zeste), and
Trithorax.1> The SET domain binds the cofactor SAM and the peptide substrate, and
catalyzes the methyl transfer reaction. The crystal structures of a number of PKMTSs either in
apo state or in complex with a substrate, the cofactor, and/or an inhibitor have been solved.16

SETDS8 (also known as SET8, PR-SET7, or KMT5a) is the only methyltransferase known to
catalyze monomethylation of histone H4 lysine 20 (H4K20). H4K20 monomethylation
(H4K20me) has been shown to regulate the DNA damage response, the cell cycle, and
chromatin condensation.? 17:18 The role of H4K20me in transcription is unclear; it has been
associated with both activation and repression.1” SETDS also catalyzes methylation of the
cancer-related proteins proliferating cell nuclear antigen (PCNA) and p53.1° Methylation of
p53 by SETDS8 suppresses p53-mediated transcriptional activation.20 SETD8 knockdown
enhances the proapoptotic function of p53. Methylation of PCNA by SETDS stabilizes
PCNA and likely contributes to its oncogenic functions.2! All of these observations strongly
suggest that SETDS inhibitors could be valuable anticancer agents.

Several SETD8 inhibitors have been reported. The natural product nauhoic acid A was
reported as a SAM-competitive inhibitor of SETD8 with 6.5 uM potency /7 vitro.22 A set of
quinone compounds were reported as cell-active inhibitors of SETD8.23 The quinones
covalently modified one or more residues on SETD8. Given that the quinone moiety is
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redox-active and that quinones are known to be promiscuous assay-interference
compounds,24 these compounds may have off-target activities. We previously reported
UNCO0379 (1), a substrate-competitive SETDS8 inhibitor with an 7 vitro 1Cgq value of 7.3
M. 25 1 features the same quinazoline core found in high potency inhibitors of the lysine
methyltransferases G9a and GLP.26-28 1 is selective for SETDS over 15 other
methyltransferases and its activity was confirmed in biophysical assays. Here we report the
development of a more potent SETD8 inhibitor, the crystal structure of SETD8 in complex
with this more potent inhibitor, and design, synthesis and biological evaluation of a covalent
inhibitor, which specifically modifies a cysteine residue near the inhibitor binding site of
SETDS.

Results and Discussion

The SETD8 inhibitor 1 is a quinazoline with amino substituents at the 2- and 4-positions and
methoxy groups at the 6- and 7-positions, same as G9a/GLP inhibitors like BIX-01294.27: 29
Attempts to improve the potency of 1 by replacing either the 2- or 4-substituents were
unsuccessful.25 30 For G9a/GLP inhibitors, addition of an alkylamino group to the
quinazoline 7-position greatly improved potency.26-28. 31, 32 | the G9a-inhibitor cocrystal
structures, the alkylamino group occupies the lysine-binding channel of G9a.2": 28 We
reasoned that since 1 and the G9a/GLP inhibitors share the quinazoline scaffold, it is
possible that they have a similar binding mode to their cognate enzymes, and therefore,
addition of an alkylamino group to the 7-position of 1 would improve potency for SETDS.
This was indeed the case, and an ethyl group gave the greatest improvement in potency. The
resulting compound, MS2177 (2) had an 7n vitro1Cgg of 1.9 UM (o =1.05pM, n=4) ina
scintillation proximity assay (Figure 1). Binding of 2 to SETD8 was confirmed by
isothermal titration calorimetry (ITC), having a Kp of 1.3 uM (Figure 2), close to its potency
in the biochemical assay. The Kp of 2 (1.3 uM) was much lower than that of 1 (18 uM).2°
The ITC study also revealed that the binding of 2 is enthalpy driven. Competition assays
were performed to determine the mechanism of action (MOA) of 2; 2 was competitive with
the H4 peptide but not with SAM (Figure 3), the same MOA as 1. Synthesis of 2 was
accomplished by alkylation of a substituted quinazoline at the 7-position (Scheme 1),
following previously reported methods.30

We solved the crystal structure of 2 in complex with SETD8 (residues 234-380) (PDB code:
5T5G, Figure 4C). A C343S mutation was included in the SETD8 crystallization construct
to increase stability and solubility of the protein. To our surprise, 2 binds to SETDS8 in a
different way than the quinazoline G9a inhibitors bind to G9a. The binding site for 2
overlaps that observed for the peptide substrate in the SETD8-SAH (S-adenosyl-L-
homocysteine, the cofactor product)-peptide cocrystal structure (PDB code: 1ZKK) and the
quinazoline rings fill the space that in the SETD8-SAH complex is occupied by the amino
group of the substrate lysine side chain (Figure 4B).33 The pyrrolidinopentyl group is
disordered in the crystal structure, and two possible conformations of this moiety are shown.
The secondary amino group at the 4-position forms a hydrogen bond with the oxygen of
C311 (Figure 4D). The crystal structure reveals why the addition of the alkylamino group
increased potency: The amino group of the ethylamine tail forms a hydrogen bond with
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N339 on the surface of SETD8. In the crystal structure of SETD8 bound to SAM (PDB
code: 4138), this residue forms a hydrogen bond with the primary amino group of the amino
acid portion of SAM. The quinazoline N1 nitrogen forms a solvent-mediated hydrogen bond
with the oxygen of G335 and 1338. Interestingly, binding of the inhibitor coincides with
significant conformational changes of Y375 and Y314, resulting in the opening of an interior
hydrophobic pocket. This expanded pocket accommodates the 2-pyrrolidine. The movement
of these two tyrosine residues to form this hydrophobic space is illustrated in figure 4D. The
volume of this hydrophobic space is filled near-optimally by the 2-pyrrolidine group, which
explains why either smaller or larger rings at the quinazoline 2-position abrogated
inhibition.2> From the crystal structure, it appears that 2 is a bisubstrate inhibitor, as it
interacts with the substrate binding site and the ethylamino side chain extends into the
cofactor binding site. However, MOA revealed that 2 is competitive with the peptide
substrate and non-competitive with the cofactor SAM, suggesting that the ethylamino side
chain, which somewhat overlaps with SAH in the crystal structure, might not prevent
binding of SAM Jn vitro. The crystal structure also reveals a number of possible ligand-
protein interactions that could be exploited for designing more potent analogs.

The disordered 4-(pentylpyrrolidine) group of 2 appears close to the C311 residue on the
protein’s surface. Surface cysteine residues can be exploited for targeted development of
covalent inhibitors.34 The addition of an electrophilic group to the quinazoline 4-position
produced a covalent inhibitor, MS453 (3) (Figure 5). We selected acrylamide as the
electrophile because of its convenient synthesis and inertness towards glutathione.3°> We
examined the linker length and found that a propyl chain was ideal for linking the
acrylamide to the 4-amino group. In the scintillation proximity assay, with a one-hour
preincubation time, 3 has an ICgq value of 6.90 uM. With a five-hour preincubation time, the
ICsq value of 3 was improved to 804 nM (o = 285 nM, n = 2) (Figure 5). The lower ICsx
value with increased preincubation time is consistent with covalent inhibition. To confirm
that 3 specifically reacts with C311, 3 was incubated with purified SETD8 containing the
full SET domain for 3 hours and then analyzed by mass spectrometry (Figure 6 and
Supplemental Figure 1). We observed an adduct with mass equal to SETD8 plus 3, with no
detectable unmodified SETD8, demonstrating that 3 efficiently forms a single-modified
covalent adduct (Figure 6). Importantly, 3 did not form an adduct with the C311S mutant of
SETD8 (Figure 6). On the other hand, 3 formed a single-modified adduct with the C343S
mutant of SETD8 (Supplemental Figure 1), confirming that it does not react with the distal
C343 residue, which is not reachable by the acrylamide group of 3. Taken together, these
results have conclusively demonstrated that 3 covalently modifies C311 specifically, thus
validating our structure-based design of this covalent inhibitor. Furthermore, the covalent
modification of SETD8 by 3 was not affected by the presence of 5 mM glutathione (GSH),
which mimics cellular conditions (Supplemental Figure 1). In addition, 3 was incubated with
other protein lysine methyltransferases including PRC2, SMYD2, and SMYD3, and no
labeling of these proteins was observed by MS analysis (Supplemental Figures 2,3, and 4),
suggesting that the covalent modification by 3 is specific to SETD8. Synthesis of 3 was
accomplished by disubstitution of 2,4-dichloroquinazoline with 1,3-diaminopropane then
pyrrolidine, followed by coupling acrylic acid to the free primary amine. (Scheme 1)
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We also obtained a crystal structure of the SETD8-3 adduct (PDB code: 5TH7), which
reveals a homodimer of adducts where each covalently modified C311 residue presents the
inhibitor to the quinazoline binding site of the complementary adduct (Figure 7). The
inhibitor forms some of the same hydrogen bonds that were observed in the crystal structure
of SETD8 in complex with 2, including the hydrogen bond between the 4-position
secondary amino group and the carbonyl oxygen of C311 on the peptide backbone. We
synthesized a negative control compound, 4 (Scheme 1), in which the secondary amino
group at the 4-position is methylated, and cannot form the hydrogen bond with C311. This
compound was indeed inactive in the SETD8 biochemical assay (Figure 5) and did not
covalently modify SETD8 (Supplemental Figure 1). 3 also forms a solvent-mediated
hydrogen bonds between the quinazoline N1 nitrogen and carbonyl groups on the protein
backbone. In addition, the 2-pyrrolidine also occupies the induced-fit interior hydrophobic
pocket seen with 2. As 3 is excluded from the active site of the SETD8 molecule to which it
is attached, it is possible that the enzyme-inhibitor adduct is unstable in solution. This
possibility is consistent with the relatively low /n vitro potency of 3 after prolonged
preincubation.

The C311A mutation significantly reduces SETD8 activity, but does not completely
deactivate SETD8.36 We measured residual enzymatic activity of the 3-SETD8 adduct.
SETD8 was incubated with 3 for sufficient time to allow complete formation of the adduct,
as observed by MS analysis. The resulting adduct was purified by gel filtration, and both a
monomer and a dimer were observed. The purified monomer and dimer, which interconvert
after a short time, were tested in enzymatic assays, where they retained about 10% of the
enzymatic activity of wild-type SETD8 (Supplemental Figure 5). The Kcat/Km of C311A is
about 8% of wildtype SETD8,38 which is similar to the SETD8-3 adduct. This residual
potency explains why the 1Cgq of 3 is still not very low even though it quantitatively reacts
with SETD8. The crystal structure of SETD8-3 may represent the SETD8 dimer in solution
induced by covalent modification.

We also assessed selectivity of 3 for SETD8 over a broad range of methyltransferases. As
illustrated in Figure 8, 3 is selective for SETD8 against 28 other methyltransferases.
However, we did not observe significant reduction in the H4K20me mark when HeLa cells
were treated with 3 at up to 10uM. The lack of cellular activity is likely resulted from its
poor membrane permeability (4.4 nm/s) and high efflux ratio (137). Future work will
attempt to establish cellular activity by improving membrane permeability and reducing
efflux.

Conclusion

By adding an alkylamino group to our original SETD8 screening hit, an addition that
improved potency for our G9a/GLP inhibitors, we identified an improved SETD8 inhibitor,
2. We solved the cocrystal structure of 2 in complex with SETDS, the first crystal structure
of SETDS8 in complex with a small-molecule inhibitor. Interestingly, the structure revealed
that the binding mode of 2 is dissimilar from other PKMT inhibitors, and that inhibitor
binding is accompanied by conformational adjustments of two tyrosine residues to form a
hydrophobic pocket, which is occupied by the 2-pyrrolidine. Based on the cocrystal
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structure, we designed and synthesized 3, an analog of 1 containing an electrophilic
acrylamide group, to specifically react with a surface exposed cysteine residue. Indeed, 3
specifically modifies the cysteine residue in the active site nearly quantitatively. It has an
ICsq value of 795 nM following extended preincubation and is selective for SETD8 over 30
other methyltransferases. The crystal structure of 3 in complex with SETD8 revealed that the
inhibitor was flipped out from the active site and occupied the active site of the other subunit
of a SETD8 homodimer. The cocrystal structures provide valuable new insight into the
inhibition of PKMTs by multiple inhibitory modes and may guide the development of
improved SETD8 inhibitors.

Experimental

Chemistry General Procedures

HPLC spectra for all compounds were acquired using an Agilent 1200 Series system with
DAD detector. Analytical HPLC chromatography was performed on a 2.1x150 mm Zorbax
300SB-C18 5 pm column with water containing 0.1% formic acid as solvent A and
acetonitrile containing 0.1% formic acid as solvent B at a flow rate of 0.4 mL/min. The
gradient program was as follows: 1% B (0-1 min), 1-99% B (1-4 min), and 99% B (4-8
min). High resolution mass spectra (HRMS) data were acquired in positive ion mode using
an Agilent G1969A API-TOF with an electrospray ionization (ESI) source. Flash column
chromatography was performed on a Teledyne ISCO CombiFlash Rf system equipped with a
variable wavelength UV detector and a fraction collector using RediSep Rf normal phase
silica columns. Microwave reactions were performed using a Discover SP CEM. Nuclear
Magnetic Resonance (NMR) spectra were acquired on a Bruker DRX-600 spectrometer with
600 MHz for proton (:H NMR) and 150 MHz for carbon (:3C NMR); chemical shifts are
reported in ppm (8). Preparative HPLC was performed on Agilent Prep 1200 series with UV
detector set to 254 nm. Samples were injected onto a Phenomenex Luna 75 x 30 mm, 5 um,
C18 column at room temperature. The flow rate was 30 mL/min. A linear gradient was used
with 10% (or 50%) of MeOH (A) in H20 (with 0.1 % TFA) (B) to 100% of MeOH (A).
HPLC was used to establish the purity of target compounds. All final compounds had > 95%
purity using the HPLC methods described above.

Generic Procedure 1

The dichloroquinazoline (1.0 eq), diisopropylethylamine (2.0 eq) and R1-amine freebase
(1.5 eq) were stirred in THF (10 mL per mmol) for 24 hours. The reaction mixture was taken
up in EtOAc, washed with sat. ag. NaHCOg3 then brine, and then concentrated. The
intermediate was purified by column chromatography. The main UV-active peak was
concentrated and taken up in pyrrolidine (5.0 eq) and iPrOH (3 mL per mmol). This mixture
was heated to 160 °C in a microwave reactor for 30 minutes. The resulting solution was
concentrated under vacuum and the product was purified by column chromatography.

7-(2-Aminoethoxy)-6-methoxy-2-(pyrrolidin-1-yl)-N-(5-(pyrrolidin-1-yl)pentyl)quinazolin-4-

amine. (2)

6-Methoxy-2-(pyrrolidin-1-yl1)-4-((5-(pyrrolidin-1-yl)pentyl)amino)quinazolin-7-ol was
synthesized according to the procedures reported previously.3° To a suspension of 6-
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methoxy-2-(pyrrolidin-1-yl)-4-((5-(pyrrolidin-1-yl)pentyl)amino)quinazolin-7-ol (189 mg,
0.47 mmol), KoCO3 (173 mg, 1.3 mmol) and acetone (10 mL) was added 2-(Boc-
amino)ethyl bromide (commercially available, 75 mg, 0.33 mmol). The resulting suspension
was stirred for 3 days at 70 °C until LCMS showed that most of the starting material had
disappeared. After purification by reverse phase ISCO, fert-butyl (2-((6-methoxy-2-
(pyrrolidin-1-yl)-4-((5-(pyrrolidin-1-yl)pentyl)amino)quinazolin-7-yl)oxy)ethyl)carbamate
was obtained as a TFA salt. To the fert-butyl (2-((6-methoxy-2-(pyrrolidin-1-y1)-4-((5-
(pyrrolidin-1-yl)pentyl)amino)quinazolin-7-yl)oxy)ethyl)carbamate and methanol (2.0 mL)
was added hydrochloric acid (37%, 0.2 mL). The resulting solution was stirred for 6 hours at
60 °C until LCMS showed that most of the starting material had disappeared. After removal
of the solvent in vacuo, the residue was purified by HPLC to give the title compound 2 as a
TFA salt. The product was further mixed with excess solid NaHCO3 and purified by ISOC
using alumina basic column to give the title compound 2 as free amine, yellow semi-solid
(104 mg, yield 40% for two steps). 1H NMR (600 MHz, CD30D): 6 7.32 (s, 1H), 6.92 (s,
1H), 4.07 (t, J= 5.0 Hz, 2H), 3.89 (s, 3H), 3.61 — 3.55 (m, 6H), 3.05 (s, 2H), 2.50 (br.s, 4H),
2.45 - 2.40 (m, 2H), 1.96 (br.s, 4H), 1.83 - 1.67 (m, 6H), 1.62 — 1.54 (m, 2H), 1.44 — 1.37
(m, 2H). 13C NMR (151 MHz, CD30D) & 160.6, 158.6, 154.8, 148.6, 146.6, 105.9, 104.8,
104.2,71.2, 68.5, 57.5, 56.8, 55.0 (two carbons), 47.7, 41.9, 41.7, 30.2, 29.4, 26.5, 26.3,
24.1 (two carbons), 22.4. HRMS calcd for [Co4H3gNgO5 + H]*, 443.3129; found, 443.3136
[M+ H]*.

N-(3-((6,7-Dimethoxy-2-(pyrrolidin-1-yl)quinazolin-4-yl)amino) propyl)acrylamide. (3)

M-(6,7-Dimethoxy-2-(pyrrolidin-1-yl)quinazolin-4-yl)propane-1,3-diamine was
synthesized according to generic procedure 1 from 2,4-dichloro-6,7-dimethoxylquinazoline,
1,3-diaminopropane, and pyrrolidine.2> (HRMS calcd for C17H25N50, + H, 332.2081;
found, 332.2071 [M+H]*) To the solution of AV2-(6,7-dimethoxy-2-(pyrrolidin-1-
yl)quinazolin-4-yl)propane-1,3-diamine (268 mg, 0.81 mmol) in DMF (4 mL) was added
acrylic acid (67 uL, 0.97 mmol). To this solution were added HOAt (110 mg, 0.81 mmol),
EDCI (186 mg, 0.97 mmol) and N, N-diisopropylethylamine (494 uL, 2.8 mmol)
respectively at 0 °C. The resulting solution was stirred at room temperature overnight. TLC
indicated the completion of the reaction. After removal of the solvent in vacuo, the residue
was redissolved in dichloromethane, washed with brine. The organic layer was dried with
sodium sulfate, concentrated and purified by ISCO to give the title compound 3, white solid
(234 mg, yield 51% for three steps). *H NMR (600 MHz, CD30D): & 7.40 (s, 1H), 6.95 (s,
1H), 6.24 — 6.14 (m, 2H), 5.63 (dd, /=9.4, 2.6 Hz, 1H), 3.88 (s, 3H), 3.84 (s, 3H), 3.63 (t, J
= 6.9 Hz, 2H), 3.52 (s, 4H), 3.34 (t, /= 6.8 Hz, 2H), 2.18 — 1.95 (m, 4H), 1.92 (p, /= 6.9
Hz, 2H). 13C NMR (151 MHz, CD30D) 6 168.2, 160.2, 156.9, 151.3, 148.6, 136.8, 132.0,
126.8, 104.7, 103.4, 99.5, 56.9, 56.8, 47.4 (two carbons), 40.4, 38.1, 29.7, 26.7, 25.6. HRMS
caled for [CogH27N503 + H]*, 386.2187; found, 386.2175 [M + H]™ .

N-(3-((6,7-Dimethoxy-2-(pyrrolidin-1-yl)quinazolin-4-yl)(methyl)amino)propyl)acrylamide (4)

To the solution of zert-butyl (3-((6,7-dimethoxy-2-(pyrrolidin-1-yl)quinazolin-4-yl)
(methyl)amino)propyl)carbamate (5) (267 mg, 0.6 mmol) and methanol (5 mL) was added
hydrochloric acid (37%, 0.5 mL). The resulting solution was stirred for 6 hours at 60 °C
until LCMS showed that most of the starting material had disappeared. After removal of the
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solvent in vacuo, the residue obtained (251 mg, 0.60 mmol) and acrylic acid (85 L, 1.2
mmol) were dissolved in DMF (5 mL). To this solution were added HATU (456 mg, 1.2
mmol) and N, N-diisopropylethylamine (523 pL, 3.0 mmol) respectively at 0 °C. The
resulting solution was stirred at room temperature overnight. TLC indicated the completion
of the reaction. After removal of the solvent in vacuo, the residue was redissolved in
dichloromethane, washed with brine. The organic layer was dried, concentrated and purified
by ISCO to give the title compound 5, yellow solid (144 mg, yield 60% over two steps). 1H
NMR (600 MHz, CD30D): 6 7.41 (s, 1H), 7.11 (s, 1H), 6.26 — 6.16 (m, 2H), 5.66 (dd, J=
8.5, 3.4 Hz, 1H), 3.95 (s, 3H), 3.90 (s, 3H), 3.89 — 3.86 (m, 2H), 3.63 (br.s, 4H), 3.54 (s,
3H), 3.37 (t, J= 6.7 Hz, 2H), 2.14 — 1.99 (m, 6H). 13C NMR (151 MHz, CD30D) & 168.1,
162.2, 156.7, 150.4, 147.1, 140.3, 132.0, 126.8, 109.1, 104.0, 100.1, 56.9, 56.8, 52.5, 47.7
(two carbons), 41.0, 38.0, 27.7, 26.1. HRMS calcd for [Cy1HogN5O3 + H]+, 400.2343;
found, 400.2352 [M + H]*.

tert-Butyl (3-((6,7-dimethoxy-2-(pyrrolidin-1-yl)quinazolin-4-yl)
(methyl)amino)propyl)carbamate (5)

tert-Butyl (3-((6,7-dimethoxy-2-(pyrrolidin-1-yl)quinazolin-4-yl)
(methyl)amino)propyl)carbamate was prepared according generic procedure 1 from 2,4-
dichloro-6,7-dimethoxylquinazoline, tert-butyl (3-(methylamino)propyl)carbamate
(commercially available) and pyrrolidine. Yield: 48% over two steps. 1H NMR (600 MHz,
CDClg3): § 7.13 (s, 1H), 6.96 (s, 1H), 4.01 — 3.94 (s, 3H), 3.94 — 3.83 (s, 3H), 3.68 (m, 6H),
3.27 (m, 2H), 3.20 (m, 2H), 2.02 — 1.87 (m, 6H), 1.44 (s, 9H). HRMS calcd for
[Co3H35N504 + H]*, 446.2762; found, 446.3092 [M + H]*

SETDS purification and radioactivity assays

SETD8 catalytic domain (232-393) for enzyme assay was expressed in £. Coliand purified
as reported.25 SETD8 mutations of C311S and C324S were purified with same method.
SETD8 enzyme assay was developed as reported.2° To prepare the proteins for
cocrystallization, a construct of human SETD8 covering residues 234-380 with a C343S
mutation was subcloned into a modified pET28-MHL vector with an N-terminal His tag.
The protein was overexpressed in £.coliBL21 (DE3) V2R-pRARE in Terrific Broth
medium in the presence of 50 pg/mL of kanamycin and chloramphenicol. Cells were grown
at 37°C to an ODgqg of 1.5, induced by isopropyl-1-thio-D-galactopyranoside (IPTG, final
concentration 1 mM) and incubated overnight at 15°C. The cell pellets were frozen in liquid
nitrogen and stored at —80°C. For purification, the cell paste was thawed and resuspended in
lysis buffer with ImM phenylmethyl sulfonyl fluoride (PMSF). SETD8 (234-380) was
purified by Ni-NTA column (Qiagen) and processed by TEV protease to remove the His tag.
The protein was further purified by a Superdex-75 gel filtraton column pre-equilibrated with
gel filtration buffer, 50 mM Tris-HCI, 100 mM NaCl, 5 mM DTT, pH 8.0. MOA
experiments were performed as previously described.2>

Methyltransferase selectivity assays

Selectivity assays were performed as previously described.3’
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Crystallization

Purified protein SETD8 (234-380) with a C343S mutation was concentrated to 16 mg/mL.

Complex of SETD8 and compound 2. A 25 mM stock solution of 2 was prepared from the
TFA salt of 2 and the pH adjusted to 7 using 10 M NaOH. The protein was mixed with a 5
fold excess of compound 2 stock solution and incubated on ice for 1 hour. The reservoir
solution for crystallization contained 30% w/v PEG 2000 monomethyl ether, 0.1 M
potassium thiocyanate, 0.1 M BIS-TRIS, pH 6.5.

Complex of SETD8 and compound 3: Protein was mixed with a 5 fold excess of a 25 mM
inhibitor stock and incubated on ice for more than 5 hours until protein was completely
covalently modified as confirmed by Mass spectrometry. The reservoir solution for
crystallization contained 20% w/v PEG 3350, 0.2 M NH4F, 0.1 M sodium cacodylate, pH
5.2. The samples were spun at 13,000 rpm (Eppendorf 5415R) for 15 minutes to remove
insoluble components. Crystals were grown at 18 °C using the sitting drop vapor diffusion
method and briefly soaked in a 4:1 mixture of reservoir solution and glycerol before freezing
by immersion in liquid nitrogen

Structure determination

Diffraction data were collected under cooling at beam line 191D of the Advanced Photon
Source, processed with XDS or HKL3000,38: 39 and merged with POINTLESS/
AIMLESS.“0 Structure solution was by molecular replacement with PHASER software.*!
Geometry restraints were calculated with PRODRG,*2 for later stages of refinement, with
GRADE,*3 which uses MOGUL .44 The structure of the complex with 2 was solved using
data from an isomorphous crystal and coordinates from PDB entry 41J8. The protein model
was automatically rebuilt with ARP/WARP. 4°: 46 Restrained coordinate and temperature
factor refinement was performed with REFMAC.*” The structure of the complex with 3 was
solved using preliminary coordinates from the compound 2 complex model. REFMAC and
AUTOBUSTER were used for restrained refinement.*® COOT and MOLPROBITY were
used for interactive rebuilding and geometry validation, respectively.4%-51 Model deposition
in the PDB and summaries were prepared with PDB_EXTRACT, PHENIX and CCP4
programs and the IOTBX library.52-54

Mass spectrometry

To investigate the covalent modification of SETD8 by compounds, 7 uM SETDS catalytic
domain (or mutations C311S, C343S) was incubated with 20-200 uM compounds in water
for over 3 hours. The samples were analysed by an Agilent LC/MSD Time-Of-Flight (TOF)
mass spectrometer (Agilent Technologies, Santa Clara, CA, USA) equipped with an
electrospray ion source. The molecular weights of the proteins without compounds were also
tested as control (SETD8 wildtype: 18759 Da; C311S with His tag: 21580 Da; C343S:
18743 Da).

Isothermal titration calorimetry

The SETD8 catalytic domain was diluted into a buffer containing 50 mM Tris—HCI buffer
(pH 7.5), 100 mM NaCl at 20 mM. Compound 2 was prepared in water at 25 mM first with
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adjusted pH ~ 7.0. The compound was also diluted into same buffer at 0.5 mM. ITC
measurements were carried out in a VP-ITC instrument at 25 °C. Binding constants were
calculated by fitting the data using the ITC data analysis module of Origin 7.0 (OriginLab
Corp.).

Associated Content

Supplemental Figures, 1H and 13C spectra of 2 and 3, and data table for crystallography.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(Left) Competitive inhibitors of SETDS8. (Right) Concentration—response curve of SETD8

inhibition by 2 in a scintillation proximity assay. Points from four separate experiments are
shown, along with fitted curve and 95% confidence interval. Hillslope = 1.1
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Figure 3.
Mechanism of action of 2. 1C5q values increased with the concentration of the H4 peptide

but not with the cofactor SAM.
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Figure 4.
The X-ray crystal structure of 2 in complex with SETD8. (A) Compound 2 bound to

SETDS8. (B) The crystal structure of SETD8 (surface shown) in complex with 2 aligned with
the SETD8-SAH-peptide structure (PDB code: 1ZKK). SAH is shown in purple, peptide
substrate is turquoise, and 2 is yellow. (C) Polar interactions between 2 and SETDS8 are
shown. (D) The crystal structure of 2 in complex with SETD8 (light brown) aligned with
4138 (orange). Rotation of the two tyrosine residues (Y375 and Y314) is illustrated.
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Figure 5.
(Left) Structure and ICsq values for 3 and 4. I1Csq values are the result from a scintillation

proximity assay following preincubation with SETD8 for the specified duration. (Right)
Concentration response curves for 3 following incubation with SETD8 for 1 or 5 hours.
Hillslope = 1.2 for both incubation times.
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Figure 6.

Mass Spectrometry results of covalent modification of SETD8 by 3. (A) WT SETDS. (B)
WT SETDS + 3. (C) SETD8 C311S mutant. (D) SETD8 C311S + 3.
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Figure 7.
The crystal structure of 3 covalently bound to SETDS.
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Scheme 1.
Synthesis of compounds 2—4.

Reagents and conditions: a) BocNHCH,CH,Br, K,COj3, acetone; b) HCl(aq), MeOH; c) 1,3-
Diaminopropane, DIPEA, THF; d) Pyrrolidine, iPrOH, microwave; e) Acrylic acid, HOAL,
EDCI, DIPEA, DMF; f) CH3NHCH,CH,CH,;NHBoc, THF, DIPEA,; g) Pyrrolidine, iPrOH,
microwave; h) HCI (ag), MeOH; i) Acrylic acid, HOAt, EDCI, DIPEA, DMF.
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