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Abstract

Bromodomain-containing proteins regulate transcription through protein-protein interactions with
chromatin and serve as scaffolding proteins for recruiting essential members of the transcriptional
machinery. One such protein is the bromodomain and PHD-containing transcription factor
(BPTF), the largest member of the nucleosome remodeling complex, NURF. Despite an emerging
role for BPTF in regulating a diverse set of cancers, small molecule development for inhibiting the
BPTF bromodomain has been lacking. Here we cross-validate three complementary biophysical
assays to further the discovery of BPTF bromodomain inhibitors for chemical probe development:
two direct binding assays (protein-observed 19F (PrOF) NMR and surface plasmon resonance
(SPR)) and a competitive inhibition assay (AlphaScreen). We first compare the assays using three
small molecules and acetylated histone peptides with reported affinity for the BPTF bromodomain.
Using SPR with both unlabeled and fluorinated BPTF, we further determine that there is a minimal
effect of 19F incorporation on ligand binding for future PrOF NMR experiments. To guide
medicinal chemistry efforts towards chemical probe development, we subsequently evaluate two
new BPTF inhibitor scaffolds with our suite of biophysical assays and rank-order compound
affinities which could not otherwise be determined by PrOF NMR. Finally, we cocrystallize a
subset of small molecule inhibitors and present the first small molecule-protein structures with the
BPTF bromodomain. We envision the biophysical assays described here and the structural insights
from the crystallography will guide researchers towards developing selective and potent BPTF
bromodomain inhibitors.
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We report the first set of small molecule co-crystal structures with the bromodomain of BPTF and
describe several new leads for chemical probe development.

Introduction

Lysine acetylation of histone tails is a dynamic post-translational modification associated
with an increase in gene expression.! Bromodomains are protein motifs that bind to
acetylated lysine residues on chromatin and modulate transcription by recruiting
transcription factors, enzymes, and nucleosome remodeling complexes to distinct genomic
loci.2 Inhibition of several bromodomain-containing proteins is currently being investigated
as a viable therapeutic approach for treating cancer, inflammation, and heart disease.3 These
inhibitors function through multiple mechanisms including suppressing oncogenes, cytokine
secretion, and inducing terminal cell differentiation of self-renewing cancer cells.#-6 The
medicinal chemistry efforts for inhibiting a select set of bromodomains has benefitted from
disclosure of potent chemical probes.” The structure-activity relationship studies resulting in
these chemical probes has been enabled by robust biophysical assays, particularly for the
bromodomain and extraterminal (BET) family proteins.” However, without cross-validation
of assays, conflicting data has been reported in the literature for bromodomain inhibitor
selectivity and affinity.8

The bromodomain and PHD-finger containing transcription factor, (BPTF) is a non-BET
bromodomain-containing protein, and the largest protein component of the nucleosome
remodeling factor (NURF).? Unlike additional chromatin remodeling complexes, such as
SWI/SNF,10-12 BPTF chemical probes have been lacking in the literature. Dysregulation of
BPTF is implicated in a number of diseases including melanoma,3 hepatocellular
carcinoma,4 colorectal,1® bladder,16 lung,17 and breast cancers.1® Due to the importance of
BPTF in these diseases, we and others have begun to develop small molecule inhibitors of
the BPTF bromodomain.19-22 One limitation in the development of these inhibitors is the
lack of biophysical tools to study interactions with the bromodomain, and x-ray cocrystal
structures to guide structure-based design. Several biophysical tools for BPTF interaction
analysis have been described in the literature including NMR, AlphaScreen, surface plasmon
resonance (SPR), and homogenous time-resolved fluorescence (HTRF), however, few have
been systematically investigated.?L: 23-24 Here we report several of the first BPTF
bromodomain-small molecule cocrystal structures, and cross-validate several biophysical
assays to guide structure-based design of new BPTF bromodomain inhibitors.
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We previously reported on a protein-observed 1°F (PrOF) NMR assay using the BPTF
bromodomain for quantifying BPTF-ligand interactions.25 In this case, a single tryptophan is
replaced with 5-fluorotryptophan (5FW) in a region near the histone binding site, termed the
WPF shelf. Due to the responsiveness of fluorine nuclei to subtle changes in chemical
environment, PrOF NMR can quantify the affinity for moderate to weak-binding ligands,
and characterize the binding site.26 When analyzed by 1°F NMR, the chemical shift of the
fluorinated amino acid in the protein is measured in the presence and absence of ligand
(Figure 1A). A change in a chemical shift indicates a binding event, or a protein
conformational change near the observed fluorinated amino acid.1® 27-29 An advantage of
PrOF NMR is the ability to quantify the affinity of ligands that are in rapid chemical
exchange with the free and bound state of the protein. This is typically observed for
compounds with dissociation constants in the mM to mid uM range.25: 30 However, higher
affinity ligands exhibiting slower exchange rates are more challenging to quantify with
NMR, due to significant resonance broadening in some cases (intermediate exchange), or
resolved bound and unbound states due to slow chemical exchange rates (e.g. Figure 1A). In
many cases of slow exchange, affinity values are significantly below the concentration of the
fluorine-labeled protein leading to stoichiometric binding, preventing K determinations.26

To quantify the affinity of more potent ligands, complementary binding assays are necessary.
Surface plasmon resonance (SPR) and AlphaScreen assays are compatible with both
fluorine-labeled and unlabeled proteins to quantify binding affinities (Figures 1B, C,
respectively). For AlphaScreen, ICsq values can approximate the dissociation constant of the
inhibitor, K;, due to the low levels of protein and peptide used.31 AlphaScreen is also used to
demonstrate functional effects from inhibition of native histone interactions.

Prior to our structural analysis of small molecule-bromodomain interactions, we first cross-
validate these three biophysical assays with a panel of recently reported BPTF ligands and
discuss the advantages of each approach. We next characterize a series of new molecules
based on two chemical scaffolds as starting points for developing selective BPTF inhibitors.
Finally, we provide several of the first x-ray cocrystal structures of small molecules bound to
the BPTF bromodomain with affinities ranging from Kq= 0.20-290 uM. We envision these
validated approaches and structural biology tools will enable rapid chemical probe
development for the BPTF bromodomain using structure-based design.

Experimental

Protein expression-

The Hisg-BPTF gene (addgene plasmid #39111) was first modified by addition of three
histidines to the hexahistidine tag via site-directed mutagenesis (described further in the
supporting information). The resulting gene, Hisg-BPTF, in a pNIC-BSA4 vector was
cotransformed with pRARE into BL21(DE3) E. Coli. Cells were grown on Luria-Bertani
(LB) agar plates containing kanamycin (100 pg/mL) at 37 °C for 12 h. Individual colonies
were picked and grown for 12 h in 5 mL of LB containing kanamycin. Four 5 mL cultures
were diluted into 1 L of LB media containing kanamycin and the culture was grown by
shaking at 220 RPM at 37 °C until an OD600 of 0.6-0.8 was reached. 5-Fluorotryptophan
(5FW) was incorporated into BPTF following centrifugation of the culture at 7,000 g for 0.5
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h, resuspension in previously described media containing 5-fluoroindole,28 and subsequent
induction of protein expression with 1 mM IPTG at 20 °C for 12-18 h. The media exchange
step was omitted for expression of unlabeled BPTF. Cultures were centrifuged at 7,000 g
and pellets were stored at =20 °C.

Hisg-BPTF Protein purification-

Cells were thawed at RT in 45 mL of lysis buffer (50 mM sodium phosphate, 300 mM
sodium chloride, pH 7.4) followed by addition of 12 mg of PMSF. Cells were then set on ice
and lysed using sonication for 15 min in cycles of 30 s of sonication followed by 60 s of
cooling. The lysed cells were centrifuged at 10,000 g for 10 minutes and cellular debris was
removed by decanting the cell lysate and filtered using Whatman filters. Hisg-BPTF was
purified on a HisTrap FF 5 mL column (GE Healthcare) using a gradient of 40 mM to 400
mM imidazole. Purified protein was then buffer exchanged into 50 mM Tris, 100 mM NacCl,
pH 7.4 using a HiPrep desalting column (GE Healthcare). Protein was concentrated to 40-50
uM for NMR studies or 20 uM for SPR/AlphaScreen studies, flash-frozen, and stored at —20
°C.

Hisg-BPTF Protein purification for crystallography-

PrOF NMR-

Protein purification was performed at 4 °C by FPLC using columns and chromatography
resins from GE Healthcare. Cell pellets were re-suspended in 50 mM Na/K Phosphate buffer
(pH 7.4) containing 100 mM NaCl, 20 mM imidazole, 0.01% w/v lysozyme, 0.01% v/v
Triton X-100, and 1 mM DTT. Cells were lysed using a homogenizer, the lysate was
clarified by centrifugation and subjected to purification on immobilized Ni2*-affinity
chromatography (Qiagen) using a linear gradient of 20 - 500 mM imidazole. Fractions
containing BPTF were pooled and incubated overnight with TEV protease at 4 °C. Cleaved
BPTF was subjected to a second Ni2*-affinity chromatography run to remove His-TEV and
the cleaved His-tag. The flow-through containing BPTF was concentrated and purified to
homogeneity by size exclusion chromatography using a Superdex 26/60 column. Protein
was eluted using 50 mM Tris/HCI (pH 8.0) containing 100 mM NaCl and 1 mM DTT. Peak
fractions were combined, concentrated to 5 mg/mL, flash-frozen in liquid N, and stored at
-80 °C.

5FW-BPTF (40-50 uM) was diluted by addition of 25 pL of DO and 2 uL of 0.1% TFA for
NMR locking and referencing purposes, respectively. Two spectra were taken of the control
protein sample in the presence of 5 pL of DMSO (1% final concentration) at an O1P of —75
ppm, ns =16, d1 =1, AQ = 0.5 s (samples were referenced to trifluoroacetate at —75.25
ppm) and an O1P of -125 ppm, ns = 256-512, d1 = 0.7 s, AQ = 0.05 s (protein resonances).
Ligands were titrated and the change in chemical shift relative to the control sample was
plotted as a function of ligand concentration to generate binding isotherms. Data was
processed in Mestrenova and isotherms were fit using Prism with Equation 1, whose
derivation we described previously.28 A8 is the change in chemical shift, [L] is the ligand
concentration, and [P] is the protein concentration.
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(Kg+[L1+[P]) - \/(Kd +[L] + [P])* - 4[PL]
2[PL]

Equation 1:

A 6obs = A 6max

Hisg unlabeled BPTF or 5FW-BPTF was diluted to ~1-2 uM in SPR running buffer (50 mM
HEPES-Na*) (ChemImpex), 150 mM NaCl (SigmaAldrich), 0.05% Tween-20
(SigmaAldrich)), pH 7.4, 1% DMSO. All analyses were performed on a Biacore S200 (GE
Healthcare) at 15 °C. Protein was immobilized on a series S NTA chip (GE Healthcare) by
first cleaning the chip surface with 500 mM EDTA (pH 8.2) for 120 s at 60 pL/min,
followed by activation of the surface with 500 pM NiCl, (SigmaAldrich) for 60 s at 10 uL/
min. Protein was injected over the activated surface for 10 s at 10 uL/min, resulting in
immobilization values of 700-1500 response units (RU). Isotherms were created by
immobilizing protein, titrating the molecule diluted in running buffer for a 60 s association
time, followed by a 60 s dissociation time. Protein was reimmobilized after each point in the
titration to ensure equal levels of protein. A DMSO solvent correction was run for each
titration to correct for RU changes due to alterations in DMSO concentration. For analysis of
histone peptides, anti-GST was immobilized on a CM5 chip using the GST capture kit (GE
Healthcare) according to manufacturer’s specifications. GST-BPTF was immobilized by
injecting 10 pg/mL of protein for 180 s; typical protein immobilization levels were 900 RU.
Peptide-protein interactions were analyzed with a 60 s association time followed by a 90 s
dissociation time. The surface was regenerated with 10 mM glycine-HCI (pH 2.1) solution
for 120 s, followed by reimmobilization before the beginning of each eight-point titration.
Data was analyzed using the Biaevaluation software. All dissociation constants were
determined using a steady-state model. An example of the immobilization workflow is
demonstrated in Figure S1.

AlphaScreen-

The AlphaScreen assay procedure for BPTF was adapted from the manufacturers protocol
(PerkinElmer, USA). Nickel chelate (Ni-NTA) acceptor beads and streptavidin donor beads
were purchased from PerkinElmer (Cat. #: 6760619M). The biotinylated Histone H4
KAC5,8,12,16 peptide was purchased from EpiCypher, with the sequence:

Ac-SGRGK(AC)GGK(AC)GLGK(AC)GGAK(AC)RHRKVLR-Peg(Biot) All reagents were
diluted in the assay buffer (50 mM HEPES-Na* (ChemImpex), 100 mM NacCl
(SigmaAldrich), 0.05% CHAPS (RPI), 0.1% BSA (SigmaAldrich), pH 7.4). Final assay
concentrations (after the addition of all assay components) of 30 nM for Hisg-tagged BPTF
bromodomain and 50 nM for the biotinylated peptide were used. 3-fold serial dilutions were
prepared with varying concentrations of the compounds and a fixed protein concentration,
keeping the final DMSO concentration at either 0.25% or 0.5% v/v, depending upon the
solubility of the compounds. 5 pL of these solutions were added to a 384-well plate
(ProxiPlate-384, PerkinElmer). The plate was sealed and kept at room temperature for 30
min, followed by the addition of 5 pL of the biotinylated peptide. 5 pL of nickel chelate
acceptor beads was added to each well under low light conditions (<100 lux), to a final
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concentration of 20 pg/mL, and the plate was incubated at room temperature in the dark for
30 minutes. This was followed by the addition of 5 uL (20 pg/mL final concentration) of
streptavidin donor beads in low light conditions. After incubation for 30 min in the dark, the
plate was read in AlphaScreen mode using a PerkinElmer EnSpire plate reader. Each
compound was run in duplicate and ICsq values were calculated in GraphPad Prism 5.

Crystallization and structure determination-

Crystallization screening campaigns were performed at 18 °C with precipitant solutions
from Hampton Research using a Mosquito liquid handler (TTP Labtech). Robust
crystallization conditions were established using 25% PEG 3,350 (w/v), 0.2 M lithium
sulfate monohydrate, 0.1 M Bis-Tris (pH 6.5) mixed with an equal volume of protein in
hanging droplets (2.5 mg/ml final concentration of BPTF). Inhibitors were cocrystallized
with BPTF at 1 mM final concentration. Crystals were cryoprotected by addition of 20%
ethylene glycol in the precipitant and flash-frozen in liquid N,. During data collection,
crystals were maintained under a constant stream of N, gas (-180 ° x-ray diffraction data
were recorded at beamlines 22-1D, 22-BM, 21-1D-D and GM/CA of Argonne National
Laboratories. Data were indexed and scaled with XDS32. Phasing and refinement was
performed using PHENIX33 and model building with Coot34. PDB entry 3UV?2 served as the
search model for molecular replacement. Initial models for small molecule ligands were
generated through MarvinSketch (ChemAxon, Cambridge, MA) and ligands restraints
through eLBOW of the PHENIX suite. All structures have been validated by MolProbity.
Figures were prepared using PyMOL (Schradinger, LLC).

Results and Discussion

Our prior efforts to design BPTF chemical probes using PrOF NMR were hampered by the
lack of complementary biophysical tools to rapidly assess high affinity molecules.2®-20To
address this need, we first sought to develop an SPR assay, which measures interactions of
immobilized protein with ligands in solution, based on an NTA protein immobilization
strategy. This binding assay is compatible with the commonly used N-terminal His-tag used
for purification of the BPTF bromodomain which would be compatible in both the SPR and
PrOF NMR experiments. Initial attempts at immobilizing a Hisg-bromodomain resulted in
fast dissociation of the protein from the chip surface, which could not be used to determine
ligand affinities. We inferred from this experiment that our Hisg affinity tag was not suitable
for ligand-protein binding analysis by SPR. This result was consistent with our failed
attempts at immobilizing our Hisg-BPTF bromodomain for bead-based assays, HTRF and
AlphaScreen (data not shown). To increase the affinity of the His tag-NTA interaction, we
designed a new protein construct with an elongated Hisg tag. Protein immobilization with
this affinity tag decreased the time-dependent protein loss substantially. A comparison of the
binding data for Hisg and the Hisg-tagged bromodomains is displayed in Figure S2. Using
these immobilization conditions, we could subsequently test ligand binding to both
unlabeled and 5FW-labeled BPTF bromodomains to compare binding affinity with literature
reported values, as well as perturbation in binding affinity from fluorine incorporation.
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As an initial comparison of our SPR-derived K4 values to literature-reported values, we
chose three compounds with reported K values for the BPTF bromodomain to benchmark
our SPR assay (Table 1). Bromosporine, 1, is a pan-bromodomain inhibitor, with a reported
1.8 UM K for BPTF as determined by ITC.3% TP-238, 2, is a dual CECR2/BPTF
bromodomain ligand, which binds to BPTF with a Ky of 120 nM, a 10-fold weaker affinity
over CECR?2 as determined by ITC.37 GSK4027, 3, is a PCAF/GCNS5 inhibitor with off-
target binding to BPTF. An estimated affinity for 3 of 130 nM was determined by a single
point measurement in a phage display competition experiment.36 We chose these molecules
due to their relatively high affinity for BPTF, which were otherwise difficult to determine
using PrOF NMR. An example of the SPR sensorgrams for 2, with unlabeled and 5SFW-
BPTF is shown in Figure 2.

In these cases, using the non-fluorine labeled Hisg-BPTF construct, we found that the values
measured for 1 and 3 of 9 uM and 1.7 uM, respectively, were five- and thirteen-fold higher
than their respective literature reports. For 2 the K4 of 200 nM was similar to the reported
value of 120 nM. A kinetic-fit of the data also yielded a similar but higher Ky of 262 nM
(Fig S3). In the case of 1 and 3, The Ky values determined by SPR were repeatable to within
1.1-2.1 fold of the affinity (Table S2). The weaker affinity values obtained by SPR for 1 and
3 versus literature values may reflect the differences in assay format and protein constructs
used between the solution phase ITC experiment, phage display assays, and the surface-
bound protein by SPR. One potential assay difference was the organic co-solvent used. The
SPR assay uses 1% DMSO, which is known to also compete for bromodomain binding sites.
24 Therefore, the effect of DMSO on ligand Ky determination was investigated with 1 using
0.5 and 2% DMSO (Supplementary Table S1). However, in this case there was negligible
difference in Ky values (7 - 8 uM).

We next sought to probe differences in ligand-protein interactions due to fluorine
incorporation in an assay-consistent manner using SPR. Following labeling Hisg-BPTF with
5FW, we immobilized the fluorinated protein and compared ligand interactions with the
unlabeled Hisg-BPTF construct. These interactions are also compared in Table 1. For
molecules 1-3, we determined affinity values leading to perturbations from 1.3-2.1 fold,
which are similar to our reproducibility error (Table S2). From these results, we conclude
that 5SFW-labeling of BPTF leads to a minimal reduction in ligand binding.

In addition to small molecule ligands, we also evaluated mimics of the native protein-protein
interaction by synthesizing and testing histone tail peptides and comparing affinity values
we obtained via PrOF NMR and our SPR assay to literature values obtained using ITC, FP
and PrOF NMR (Table 2). Here we altered the immobilization of the BPTF bromodomain
by using a glutathione S-transferase (GST)-BPTF fusion construct due to non-specific
binding of the peptides to the NTA chip surface. This construct yielded similar affinity
values for 1-3 (Table S4) reducing concerns from any artifacts introduced by the GST tag.
We first tested an H4 histone peptide acetylated at lysine 16, (H4 K16ac). This acetylated
histone is reported to associate with BPTF on chromatin.38 We also tested a promiscuous
tetraacylated peptide H4 K5ac,K8ac,K12ac,K16ac and a weak binding histone variant,
H2AZ.1 K4ac,K11ac reported to bind to the BPTF bromodomain (Table 2).3% Our SPR and
PrOF NMR results agree well with each other and literature reported values over a range of
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affinities from 65-720 pM and provide an additional method for verifying histone-
bromodomain interactions.

To further verify the K4 values we obtained via SPR due to discrepancies in our determined
values versus reported affinities described above for 1 and 3, we optimized an AlphaScreen
assay. The conditions of this assay utilize the interaction of the same Hisg-BPTF
immobilized on an Ni-NTA acceptor bead and a biotinylated tetraacetylated H4 peptide
immobilized using streptavidin conjugated to a donor bead. In these cases, 1Csg values
obtained with our AlphaScreen conditions agreed closer (~2-fold or less) with the K4 values
observed by SPR using the unlabeled BPTF bromodomain (Table 1) than with the
techniques previously published. We conclude from these studies that both SPR and
AlphaScreen can be used to quantify ligand affinities over a wide affinity range. These
assays also complement PrOF NMR binding experiments, which are quantitative for weak
binding ligands such as acetylated histones, but can only qualitatively providing binding
information for higher affinity ligands, such as those in slow exchange (e.g. 2, Figures 3,
S10, and S11).

Since the publication of our BPTF bromodomain inhibitor (AU1),1° and the difficulty in
enhancing the affinity and selectivity of this molecule, we initiated efforts towards the
discovery of new chemical scaffolds for BPTF. We briefly investigate two scaffolds for
BPTF inhibitor development here, the tetrahydroquinoline scaffold (4-5) discovered as an
off-target in a fragment screen against BRD4 and a pyridazinone scaffold based on 3, (6-9).
36,41 We used these scaffolds to further test the influence of 19F incorporation on ligand
binding and to cross-validate our biophysical assays (Table 3). We previously demonstrated
that the 1°F- and unlabeled-protein have similar stability and only moderately perturbed
ligand binding for both histone peptides and 1-3.2° Here, we determine the effect of fluorine
incorporation on the affinity of a broader set of ligands (4-9). Using SPR we tested two
tetrahydroquinoline ligands and four pyridazinones with both unlabeled and 1°F-labeled
proteins. Encouragingly, affinity values for all compounds tested using SPR are within error
of each other, further supporting a minimal affinity difference between the labeled and
unlabeled protein. Additionally, molecules 4, 6, and 8 for which PrOF NMR and SPR Ky
values could both be quantified generally showed good agreement, with the largest
discrepancy being a 6.7-fold difference for 8. The affinity of 6 and 8 could only be estimated
by PrOF NMR due to binding approaching an intermediate exchange rate which leads to
significant resonance broadening and may give rise to the error in the measurement for 8.
This highlights a limitation in PrOF NMR for moderate affinity ligands.#2 Nevertheless,
with an SPR-derived K of 3 uM for BPTF, compound 8 matches the affinity of our prior
lead inhibitor AU1 (Kq = 2.8),1° but with a significantly improved ligand efficiency (0.22
(AU1) vs 0.50 (8)). For molecules whose binding could not be quantified by either PrOF
NMR or SPR (due to either broadening in NMR or non-specific binding in SPR), such as 5,
we used AlphaScreen assay as an alternative method to determine affinity values based on
competitive inhibition. Using 3 and 8 as internal controls in each assay to account for assay
variability, we found AlphaScreen 1Csq values to result in low variability between assays
(Tables 1, 3). Binding of 5 was further confirmed by x-ray crystallography and is described
below. We conclude from these analyses that our three assays are compatible with
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characterizing BPTF bromodomain ligand affinity over a broad affinity range, and that the
pyridazinone scaffold represents a ligand-efficient starting point for BPTF inhibitor
development.

Biophysical assays are essential for supporting structure-based design, However, an
additional challenge for developing BPTF bromodomain inhibitors has been a lack of small
molecule cocrystal structures. Here we report five of the first such examples. Previously,
information on the structure of BPTF was limited to the unliganded and liganded states with
acetylated histone peptides. To determine the structural basis of BPTF inhibition by known
and new small molecule inhibitors, we established cocrystal structure conditions. Following
optimization of crystallization conditions, cocrystal structures were determined with 1-3 and
tetrahydroquinolines 4 and 5 between 1.23 and 1.77 A resolution (Supplementary Table S5).
All inhibitors bind to the acetylated lysine binding site of BPTF through canonical H-
bonding interactions with N3007 (Figure 4 and S41 for 1). Additionally, several
hydrophobic van der Waals (VDW) contacts within this site hold the inhibitors in place. The
core ring systems of all inhibitors establish pi-stacking interactions with the side chain of
F3013, albeit 4 and 5 assume positions that appear less suited for enhanced interactions with
F3013, consistent with their weaker binding affinity relative to the pyridazinone ligands 2
and 8 which bind with higher ligand efficiency. Both BPTF and BET bromodomains contain
a WPF shelf, which is critical for the high affinity binding of other bromodomain inhibitors.
43 For 3, additional pi-stacking T-shaped interactions exist with the side chain of W2950 of
the WPF shelf in BPTF (Fig. 4B). 2 is in VDW contact with W2950 (Fig. 4A) while 4 and 5
are in VDW contact only with P2951 and F2952 of the WPF shelf through the cyclopropyl
group Fig. 4C, D). Neither 1 or 2 make hydrogen bonds with the backbone carbonyl of
P2951, which may lead to the low affinity of 1. Given that these structures represent the first
reported cocrystal structure analyses for BPTF-small molecule interactions, we anticipate
they will provide a framework for future rational structure-based drug design and
complement our biophysical methods.

Conclusions

The biophysical assays explored here have been cross-validated as complementary
quantitative techniques for enabling ligand discovery for the BPTF bromodomain. Through
comparing the same molecules with PrOF NMR and SPR, we conclude that dissociation
constants determined between these different assays lead to affinities that are close
agreement with minimal perturbation of ligand binding due to fluorine incorporation. Ligand
affinities measured by SPR and AlphaScreen were within ~2 fold, indicating that affinities
determined between these two assays are also comparable under these conditions,
establishing three robust methods for readily quantifying ligand affinities over millimolar to
nanomolar affinity ranges. Finally, for future medicinal chemistry optimization, the new
BPTF ligands presented in Table 3, tetrahydroquinolines 4-5 and pyridazinones 6-9, provide
starting points for the development of BPTF inhibitors with pyridazinone, 8, possessing high
ligand efficiency and potency comparable to AU1. We anticipate the first high-resolution
small molecule-BPTF cocrystal complexes will enable rational probe development towards
higher affinity and higher selectivity chemical probes for the BPTF bromodomain.
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Figure 1:

Methods developed for BPTF bromodomain-ligand interaction analyses. A) PrOF NMR is
used to assess binding site interactions and affinity B) K4 values are determined by SPR C)
Competition with native histone peptides is verified with AlphaScreen. D) Inhibitor binding
modes are evaluated using BPTF cocrystal structures.
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Figure 2:
Comparison of SPR sensorgrams for TP-238 (2) using Hisg-tagged proteins: with (A)

unlabeled-BPTF and (B) 5FW-BPTF immobilized on an NTA surface. (2) was titrated in a 7
point 3-fold serial dilution beginning at 2 uM. Ky values are listed in Table 1.
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Figure 3:
PrOF NMR spectra of 50 pM 5FW-BPTF at various concentrations of 2, a stoichiometric

binder.
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Figure 4.

BPTF Bromodomain cocrystal structures. A -D: Cocrystal structures with compounds 2, 3, 4
and 5, respectively.

BPTF residues and small molecules are depicted in beige and yellow, respectively. Potential
H-bonding interactions include conserved N3007 (magenta) in the acetylated lysine binding
pocket and the main chain carbonyl oxygen of Pro2951 (black dotted lines, 2.2 <d < 3.5 A).
Potential hydrophobic VDW interactions include residues of the WPF shelf (2950-2952)
among other residues (green wiggled lines) and Pi-Pi interactions with F3013 green dotted
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lines with distance cut-off 3.3 < d < 4.0 A. Cyan spheres show bound water molecules. The
blue mesh around the inhibitor shows the corresponding 2Fo-Fc electron density map
contoured at 1a. Water mediated H-bonds were excluded from the interaction schematics for
clarity.
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Table 2:

Comparison of Ky values with PrOF NMR and SPR using acetylated histones.

Histone Peptide Literature Value (uM) | PrOF NMR Kg (uM) | GST-BPTF SPR Ky (UM)
H4 K16, 994738 190 150 + 67
300 + 50 %
H2AZ.| Kdac,K1lac 780 + 64 3 720 710 £ 140
H4 K5ac,K8ac,K12ac,K16ac 124 40 70 65+ 18
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