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Abstract

Developing selective enzyme inhibitors allows for the expansion of molecular toolboxes to
investigate functions and activities of target enzymes. The histone acetyltransferase 1 (HAT1) is
among the first histone acetyltransferase (HAT) enzymes that were discovered in the mid-1990s;
however, it remains one of the poorly studied enzymes in comparison to the other HATSs. Although
HAT1 has been linked to various disease states, no inhibitors have been reported to target HAT1.
Here we designed a set of peptide-CoA conjugates as bisubstrate inhibitors of HAT1 with
submicromolar potency. In particular, the bisubstrate inhibitor H4K12CoA exhibited a low K;
value of 1.1 nM for HAT1. In addition, H4K12CoA was shown to be a competitive inhibitor with
respect to both AcCoA and H4 peptide, suggesting a unique kinetic mechanism of HAT1 catalysis.
Creating these submicromolar inhibitors offers a mechanistic tools to better understand how HAT1
recognizes substrates and cofactors, as well as provides chemical leads to further develop
therapeutic agents to target this important enzyme for disease therapy.

Graphical Abstract

HAT1 is an important histone acetyltransferase in eukaryotic cells but its chemical probes are
lacking. We designed bisubstrate conjugates as the first set of HAT1 inhibitors. In particular, the
most potent inhibitor, H4K12CoA, exhibited a Ki of 1.1 nM for HAT1. Generating these
nanomolar inhibitors provides mechanistic tools for investigating functions of HAT1.
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Introduction

Developing and identifying potent and selective enzyme inhibitors allow scientists to expand
molecular toolbox to investigate activity and function of target enzymes. The histone
acetyltransferasel (HAT1) belongs to the GCN5-related N-acetyltransferase (GNAT)
superfamily together with other canonical members such as general control nonderepressible
5 (GCNS5) and p300/CBP associated factor (PCAF). Members of this superfamily are
conserved in organisms spanning from yeasts to humans and are known to share four distinct
regions spanning across 100 residues (1). HAT1 was among the first set of HAT enzymes
that were discovered in the mid-1990s (2); however, it is a poorly studied enzyme in
comparison to the other HAT members (3, 4). This enzyme was originally categorized as a
type B HAT based on its ability to acetylate newly synthesized histones H4 at Lys5 and
Lys12, as well as H2A at Lys5 in the cytoplasm, but not histones that are already
incorporated into a nucleosome (2, 5-7).

Cancer formation and progression can occur due to the dysregulation of histone modifying
enzymes that regulate gene transcription, cell differentiation, proliferation and apoptosis (8-
10). HAT1 has been linked to various pathological conditions, such as cardiovascular
diseases (11), colorectal cancer (12), liver cancer (13), lung cancer (14), human
immunodeficiency virus (HIV) (15), and the dysregulation of immune responses (14).
Besides the aberrant expression, dys-localization of HAT1 can also aid in disease
progression (3, 12). It has been reported in an HIV study that HAT1 can be a biomarker of
the disease state (15). These disease studies shed light on the roles that HAT1 plays in
pathology and suggest that HAT1 could be a potential molecular target in the design of new
therapeutics treatment.

Reported inhibitors for HATs include peptides, small molecules, natural products, as well as
synthetic molecules (16-18). Peptide-CoA bisubstrate inhibitors were first introduced to the
HAT field by the Cole group with the p300-selective inhibitor, Lys-CoA (ICsg 0.5 uM), and
the PCAF-selective inhibitor, H3-CoA-20 (ICsg 0.3 uM) (19). These inhibitors were
designed to mimic the ternary complex formation of the substrate and cofactor binding to the
HAT enzyme. We have previously designed several bisubstrate inhibitors targeting the
MYST family of HATs (20). In the search for inhibitors targeting Esal and Tip60, we tested
and compared the potency of various bisubstrate peptide inhibitors, small molecules, as well
as natural products on Esal, Tip60, p300, and PCAF (20, 21). Of the inhibitors tested
H4K16CoA was found to be the most potent against both Esal and Tip60 with ICsq of 5.5
UM and 17.7 puM, respectively (20). Furthermore, analysis with Esal demonstrated that the
mode of inhibition was competitive against acetyl coenzyme A (AcCoA) and
noncompetitive against H4-20 substrate (20). Moreover, we rationally designed a set of
multivalent peptide inhibitors containing methylated modifications in the peptide chain of
the bisubstrate compound to inhibit Tip60, and found that the added methylated marks
improved the potency of the bisubstrate inhibitors towards Tip60 by several folds (22).

These substrate-based inhibitors are valuable chemical probes for mechanistic and structural
studies of HAT activities. Several bisubstrate inhibitors have been applied to understand the
substrate recognition mechanisms in HATS (23, 24). It is known that HAT1 prefers to
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acetylate the N-terminal tail of histone H4 at Lys5 and Lys12 (2, 7). Thus, to develop
inhibitors targeting HAT1 in this study, we rationally synthesized various histone H4-CoA
conjugates containing the first 20 amino acids of histone H4 (H4-20) with the CoA moiety
conjugated to different lysine residues. For the first time, inhibitors were identified that
displayed potent inhibition activity towards HAT1. Two of the best inhibitors, H4K5CoA
and H4K12CoA, had nanomolar inhibition potency towards HAT1 with K values at 22 nM
and 1.1 nM, respectively. Steady-state Kinetic analysis found that the most potent inhibitor,
H4K12CoA, was competitive towards both AcCoA and H4-20 peptide.

Synthesis of bisubstrate inhibitors

Various peptides containing the first N-terminal 20aa of histone H4 (i.e., ac-
SGRGKGGKGLGKGGAKRHRK, H4-20) were synthesized using the N-(9-fluorenyl)
methoxycarbonyl (Fmoc)-based solid-phase peptide synthesis protocol. The Fmoc-
Lysine(Boc) preloaded Wang resin was used at a 0.1 mmol scale. 0.4 mmol of each Fmoc-
protected amino acid was weighed out and was individually coupled to the resin using 2-
(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) (144
mg; 3.8 equiv) and N-Hydroxybenzotriazole (HOBt) (51 mg; 3.8 equiv). 20% piperidine in
DMF was used to remove the Fmoc protecting group. To deprotect peptides containing the
dimethyldioxocyclohexylidene group (Dde) on either Lys5, Lys8, Lys12, or Lys16, 8 mL of
65% hydrazine monohydrate was added and the peptide was shaken for 1 h. This process
was repeated once more for another hour. Next, 324 mg (30 equiv) of bromoacetic acid was
mixed with 366 uL (30 equiv) of N, N’-diisopropylcarbodiimide (DIC) in 4 mL of
dimethylformamide (DMF) and incubated with peptide-resin for 4 h to create a bromoacetyl
linker. The peptide was cleaved off the resin using 95% trifluoroacetic acid (TFA), 2.5%
H>0, and 2.5% triisopropylsilane (TIS) for 4 h. The peptides were purified using a C-18
reverse phase column on a high-performance liquid chromatography (HPLC) instrument,
and each sample was analyzed by matrix assisted laser desorption/ionization mass
spectrometry (MALDI-MS) on the Bruker Daltonics, model Autoflex with a 0.02% error.
CoA was conjugated to the peptide by mixing the bromoacetyl-peptide with 2 equiv of CoA
in sodium phosphate buffer (0.1 M, pH 8). The reaction mixture was then shaken overnight
in the dark at room temperature. Purification and verification of the CoA-peptide compounds
were done following the previous procedure. The concentrations of the CoA-peptide
conjugates were determined by measuring the absorbance of the serial diluted compounds at
260 nm and using the molar extinction coefficient (eg0) of 16045 M~1cmL. Lastly,
concentrated NaOH solution was used to neutralize the pH of the compound solutions prior
to enzymatic assays.

HAT1 expression and purification

The expression and purification of the catalytic domain of HAT1 (20-341) was performed
following the method described by Wu et al. (Addgene plasmid # 25239) (25). Briefly, this
protein was expressed in Escherichia coli and purified using the Ni-NTA resin.
Transformation was done in £ co/i BL21-CodonPlus (DE3)-RIL competent cells using the
heat-shock method, and then the cells were spread on agar plates containing the antibiotics
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kanamycin and chloramphenicol. Protein expression was induced by the addition of 1 mM
isopropyl p-p-1-thiogalactopyranoside (IPTG) and the flask was shaken for 16 hours at
16°C. The cells were collected and suspended in the lysis buffer (50 mm Na-phosphate (pH
7.4), 250 mm NaCl, 5 mm imidazole, 5% glycerol, 2 mM p-mercaptoethanol, and 1 mm
phenylmethanesulfonyl fluoride (PMSF)) then disrupted using the Microfluidics cell
disruptor. The supernatant was passed through a column containing Ni-NTA resin
equilibrated with column washing buffer (20 mM HEPES pH8, 250 mM NaCl, 5% glycerol,
30 mM imidazole, 1 MM PMSF) and the resin was washed with column washing buffer.
Next, the resin was washed with the buffer containing a higher concentration of imidazole
(20mM HEPES pH 8, 250 mM NaCl, 5% glycerol, 50 mM imidazole, 1 mM PMSF). Lastly,
HAT 1 was eluted with elution buffer (20 mM HEPES pH 8, 250 mM NacCl, 5% glycerol,
500 mM imidazole, 1 mM PMSF). The eluted protein was dialyzed against the dialysis
buffer (25 mM HEPES pH 8, 150 mM NaCl, 1 mM dithiothreitol (DTT) and 10% glycerol)
for overnight. The HAT1 protein was concentrated using the GE Healthcare Vivaspin, and
lastly was aliquoted and stored at —80°C. Protein concentrations were measured with the
Bradford assay.

Determining KPP, and ICsq values of the bisubstrate inhibitors against HAT1

The potency of all the inhibitors (Lys-CoA, H4K5Co0A, H4K8CoA, H4K12CoA,
H4K16CoA, and CoA) were determined using the scintillation proximity assay (SPA) (26).
SPA experiments were conducted in a 96-well plate (Isolate-96; Perkin Elmer) at 30°C using
a reaction buffer containing 50 mM HEPES (pH 8), and 0.1 mM EDTA. The cofactor used
as an acetyl donor was [3H]-Ac-CoA (PerkinElmer) and the substrate was a biotinylated
H4-20 peptide (Ac-SGRGKGGKGLGKGGAKRHRK(Biotin)-NH, (abbreviated as H4-20
BTN)). The 30 pL reaction volume typically consisted of various concentration of
bisubstrate inhibitor, 2.5 uM of substrate, followed by 1 uM [3H]-AcCoA. After 5 min of
incubation, 0.04 uM of HAT1 was added and samples were re-incubated for 20 min. The
reaction was quenched with 30 uL of guanidine HCI (0.5 M). Lastly, 10 uL of suspended 20
mg/mL streptavidin-coated SPA beads (Perkin EImer) were added to each well and
thoroughly mixed. The plate was placed in the MicroBeta2 scintillation counter (Perkin
Elmer) in total darkness for one minute before the samples were quantified. Samples were

performed in duplicate and were typically within 20% of each other. ki*? was determined

for each inhibitor by fitting the activity versus the inhibitor concentration data to the
following Morrison equation:

v L+ U]+ KPP) = (] + 1]+ KIPP)2 — 4[E][1]

SE] (Equation 1)

Where v;and vy are the SPA activity signals of the enzyme in the presence and absence of
inhibitor, respectively. [£], [/] and KPP are enzyme concentration, inhibitor concentration,

and apparent K;, respectively (27).
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Next, the following equation was used to calculate the dissociation rate constant, Kj, from
the kiPP value:

KPP
1

K. = ——— (Equation 2)
R

m

Where [ 5] is the concentration of AcCoA used in the assay, and K}, is the Michaelis-Menten
constant of AcCoA (27).

Furthermore, the following equation was used to calculate ICsq value from the kiPP value:

1 .
ICsy = KPP + 5[Ely  (Equation 3)

Where [£] 7is the total enzyme concentration used in the assay (27).

Determining HAT1 kinetics and mode of inhibition

HAT1 kinetics and the mode of inhibition for the bisubstrate inhibitor, H4K12CoA, were
measured using the radiometric filter binding assay (28). The reaction time and enzyme
concentration were controlled so that the reaction yield was less than 20%. H4K12CoA was
added to the reaction at 0 nM, 20 nM and 100 nM. To determine the activity of HAT1
towards H4-20 peptide, various concentrations of H4-20 peptide (0-100 pM) was mixed with
a reaction containing [14C]-AcCoA (3 uM) and reaction buffer (50 mM HEPES (pH 8.0),
0.1 mM EDTA, and deionized water). This mixture was incubated for 5min at 30°C. Next,
HAT1 (0.02 pM) was added and the sample was re-incubated at 30°C for 9 min. The mixture
was spread onto the P81 filter paper to quench the reaction. Filter papers were left to dry for
45 min before they were washed three times with 50 mM NaHCOs3 buffer (pH 9). Lastly, the
papers were re-dried, put into vials, and quantified with the addition of scintillation cocktail
on the Beckman Coulter LS 6500 multi-purpose scintillation counter.

To determine the activity of HAT1 as a function of AcCoA concentration, various
concentrations of [14C]-AcCoA (0-10 pM) was mixed with a reaction containing H4-20
peptide (100 uM) and reaction buffer (25 mM HEPES (pH 8.0), 0.1 mM EDTA, and
deionized water). Next, HAT1 (5 nM) was added and the sample was re-incubated at 30°C
for 9 min. The samples were quenched and the papers were prepared in the same way as
mentioned above. All samples were performed in duplicate and were typically within 20%
of each other. Activity—substrate concentration data points were fitted to equation 4 to
determine Kjsand Kj;values.

v [S]

max[

(Equation 4)

y =
] [7]
Km(l + K_) + [SI(1 + K_ii)

A
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Variables Va0 K [S], [, Kis and Kij;represent the maximum velocity, the Michaelis-
Menten constant, substrate concentration, inhibitor concentration, the inhibition constant for
the inhibitor binding to the free enzyme, and the inhibition constant for the inhibitor binding
to the ES complex, respectively (29).

Results and Discussion

The type B histone acetyltransferase, HAT1, has been shown to acetylate newly synthesized
histone H4 at Lys5 and Lys12 (2, 7). We rationalized that bisubstrate inhibitors with the CoA
moiety attached at those respective lysine residues may possess strong inhibitory property
towards HAT1. To test this hypothesis, we synthesized several 20-aa H4 peptides with a
CoA motif conjugated at either Lys5, Lys8, Lys12, or Lys16. Lys-CoA and CoA were used
as control compounds. The Fmoc-based solid phase peptide synthesis methodology was
applied to obtain each CoA-peptide bisubstrate inhibitor as previously reported (20). The
synthesis route is depicted in Scheme 1. Briefly, the amino acids were consecutively
conjugated to the Fmoc-Lysine(Boc) preloaded Wang resin. Lysine containing a Dde group
was used to conjugate with CoA at selected positions. A bromoacetyl linker was constructed
on the targeted lysine residue which was then used to conjugate CoA to the peptide. All the
compounds were purified using C-18 reversed phase HPLC. The identity and the purity of
the final compounds were confirmed with MALDI-MS that showed the observed mass of
each inhibitor matched their expected mass, (Table 1; Figure S1) and with analytical HPLC
that showed single major peaks in the chromatograms (Figure S2).

Potency measurements of the bisubstrate inhibitors

Dose-dependent inhibition of HAT1 by each compound was determined using the
scintillation proximity assay (SPA) with reactions containing 2.5 UM of biotinylated H4-20
peptide (H4-20 BTN), 1 uM of [3H]-AcCoA, and 40 nM of HAT1 incubated at 30°C for 20
min. Signals were read on the MicroBeta2 reader. Activity data points as a function of
inhibitor concentration were fitted to the Morrison equation (Equation 1) (Figure S3) to

obtain the apparent K?W values. Given the competitive nature of the bisubstrate inhibitors

with respect to AcCoA, equations 2 and 3 were used to calculate Kj and I1Cgq values from
the k{7” values for each compound. Control compounds, CoA and Lys-CoA had ICsq values

at41.5 uM and 74.9 uM, respectively, while all the H4-CoA bisubstrate inhibitors tested
displayed ICsq values below 10 pM. This difference in potency is a suggestion of the innate
ability of HAT1 to form a tighter binding by recognizing various moieties of CoA and the
amino acids residues of the H4 substrate. Placing the CoA moiety at Lys8 or Lys16 on the
H4-20 peptide decreased the 1Cgq value to 2.6 uM (Kj 0.92 uM) and 7.2 uM (K 2.5 uM),
respectively. These moderate 1Csq values are likely because HAT1 does not demonstrate
acetylation activity towards Lys8 or Lys16. Nanomolar potency of the bisubstrate inhibitor
was observed when CoA was placed on Lys5 of the H4-20 peptide (IC5q 83 nM) (K| 22
nM). Impressively, the lowest 1Csq value of 23 nM (Kj 1.1 nM) was gained when CoA was
positioned at Lys12 (Table 2). Such low ICsq values are most likely owing to the property
that HAT1 has its preferred acetylation sites at Lys5 and Lys12 on histone H4. In the
previous study, Lys-CoA was a potent inhibitor that displayed nanomolar potency for p300
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(K; 19 nM), and H4K12CoA had submicromolar inhibition for p300 (Kj 0.79 uM) which is
>700 fold higher than the K;j reported against HAT1 in this study (20, 30). This indicates that
among the HATs, H4K12CoA is a highly specific inhibitor for HAT1.

Inhibitory mode of the bisubstrate inhibitor

Further studies were carried out to determine the mode of inhibition of H4K12CoA given its
high potency in HAT1 inhibition (Figure 1). The radiometric filter binding assay was used to
measure the kinetics of HAT1 in the presence of varying H4-20 peptide and AcCoA
concentrations, and the data obtained were plotted in the Michaelis-Menten format. Steady
state reaction conditions to determine the kinetic parameters of AcCoA included 100 uM of
H4-20 peptide, 5 nM of HAT1, and 0-10 pM of [4C]-AcCoA with a 9 min reaction time at
30°C. To determine the mode of inhibition with respect to AcCoA, H4K12CoA was added
to the reaction mixture at 0 nM, 20 nM, and 100 nM. The velocity data as a function of
substrate concentration were plotted in both Michaelis-Menten format (Figure 2A) and
double reciprocal format (Figure 2C). To elucidate the mode of inhibition, the Michaelis-
Menten data points were fitted to the mixed inhibition rate equation (Equation 4) which
provided Kj;of 0.075 + 0.004 uM and Kj;of 0.83 £ 0.47 uM. The fact that the Kj;is about
11-fold greater than Kjssupports that H4K12CoA is a primarily competitive inhibitor in
respect to AcCoA (Table 3) (29). Furthermore, on the double reciprocal plot, three straight
lines intersect on the y-axis and vary on the x-axis, further confirming that H4K12CoA
behaves as a competitive inhibitor towards AcCoA (Figure 2C).

We also determined the mode of inhibition of H4K12CoA with respect to H4-20 peptide. A
similar steady state measurement from above was conducted with different concentrations of
H4K12CoA (0 nM, 20 nM, and 100 nM) as well as with 3 uM [14C]-AcCoA, 20 nM HAT1,
and 0-100 pM of H4-20 peptide. Michaelis-Menten data points were fitted to Equation 4 to
verify the mode of inhibition. The values obtained for Kjsand Kj;were 0.020 £ 0.002 uM
and 1.3 £ 0.1 pM, respectively. Since Kj;is about 65-fold greater than K, this supports that
H4K12CoA is a competitive inhibitor in respect to H4-20 ( Figure 2B; Table 3) (29).

Further, the double reciprocal graph shows a single intersection point on the y-axis and a
change in the Km value; thus further approving that this bisubstrate inhibitor is a competitive
inhibitor towards H4-20 peptide (Figure 2D).

Our results demonstrating that the mode of inhibition for H4K12CoA towards HAT1 is
competitive against both the cofactor AcCoA and substrate H4-20 is an interesting finding;
because almost all of the previous bisubstrate inhibitors for acetyltransferases were shown to
be competitive versus AcCoA but noncompetitive versus peptide substrate (20, 31). Such a
kinetic inhibition pattern is pertinent to the ordered Bi-Bi sequential kinetic mechanism and
is demonstrated by acetyltransferases: Riml (32), AANAT (33), and PCAF (31) in which
AcCoA binds to the active site first followed by substrate binding. Herein, our data on the
competitive inhibition pattern of the HAT1 bisubstrate inhibitor versus both AcCoA and H4
peptide substrate indicates that HAT1 does not have a preferred order of AcCoA and H4
peptide binding. Such an inhibition pattern, most possibly, supports that HAT1 catalysis
follows a random sequential kinetic mechanism (32).
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Although HAT1 is evolutionarily conserved from yeast to humans, the functions of human
HAT1 in cells currently remains poorly defined (4, 34). The solved crystal structure of
human HAT1 (PDB: 2P0W) does, however, provide hints on the catalytic mechanism and
possibly how these bisubstrate inhibitors are recognized and bound (25). A ternary complex
composed of HAT1-AcCoA-H4 peptide was depicted in the crystal structure. Residues such
as Glub4, Asp62, and Glué4 of HAT1 are responsible for the specificity and anchoring of
the substrate through the formation of hydrogen bonds. AcCoA binding requires various
interactions with many different residues. Also, it is speculated that HAT1 catalysis requires
a general catalytic base from residues Glu187 and Glu276 which aid Asp277 in
deprotonating the e-amino group of the lysine residue (25). These combined interactions
bring the amino moiety of Lys12 of H4 substrate close to the acetyl group of AcCoA. The
distance between the sulfur atom of CoA and the epsilon nitrogen of Lys12 of H4 in the
HAT1 complex structure is 4.5 A (Figure 3A). On the other hand, we estimated the sulfur-
nitrogen distance in the H4K12CoA bisubstrate inhibitor to be 3.3 A. This measurement is
based on the reported p300-Lys-CoA complex structure (PDB: 3B1Y) (Figure 3B). Overall,
the two distances are very close which explains why the bisubstrate inhibitors can bind to
HAT1 with nanomolar potency, and it also supports that H4K12CoA binding is located in
the active site of HAT1. Although Lys-CoA can bind to HATZ1, its potency is very low even
compared to CoA (ICgg 41.5 pM), indicating that the other amino acid residues of the H4
peptide significantly influence the potency to a great degree and are required for enzyme-
substrate binding. In addition, the positioning of the CoA moiety at the proper lysine residue
on the H4 peptide can also stimulate and further enhance potency. Further investigation of
the interactions between HAT1 and these bisubstrate inhibitors can provide insight into the
greater specificity that HAT1 has towards its substrates in comparison to other HATS such as
p300 which has been reported to be more promiscuous (35).

Conclusion

To the best of our knowledge, we reported the first set of inhibitors that target HAT1 with
submicromolar potency, thus offering a type of chemical tools to study HAT1 mechanism
and function. As mentioned previously, HAT1 function is poorly studied, yet it has been
linked to multiple diseases. To develop appropriate therapeutic agents to target HATZ, it is
crucial to understand the preferential binding regions of the substrate and cofactor, as well as
molecular cues to enhance the binding. These bisubstrate inhibitors, particularly
H4K12CoA, can be utilized as chemical probes to give mechanistic insight into the catalytic
mechanism and structural biology of HAT1. We do acknowledge that peptide-based
bisubstrate inhibitors have been reported to not have ideal pharmacokinetic properties such
as poor plasma membrane permeability issues (16, 36). Nevertheless, chemical
modifications with membrane-penetrating motifs could generate membrane-permeable
probes for both in vitro and in vivo applications. Further efforts could also be implemented
to develop bisubstrate-based fluorescent probes for enzyme imaging and high throughput
inhibitor screening. In all, this study lays a foundation for the discovery and development of
new chemical probes targeting HAT1.
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Figure 1: Potency of H4K12CoA towards HAT1.
A) Structure of H4K12CoA. B) Dose-dependent inhibition of HAT1 by H4K12CoA.
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Figure 2: Michaelis-Menten data points fitted to the mixed inhibition rate equation and Double

reciprocal plots.

To determine the mode of inhibition in respect to AcCoA and H4-20 peptide, H4K12CoA
was added to the reaction mixture at 0 nM, 20 nM, and 100 nM. A) Conditions to determine
HAT1 kinetics in respect to AcCoA included 100 uM H4-20 peptide, 5 nM HAT1, and 0-10
UM AcCoA, with a reaction time of 9 min. B) Conditions to determine HAT1 kinetics in
respect to H4-20 peptide included 3 uM AcCoA, 20 nM HAT1, and 0-100 pM AcCoA, with
a reaction time of 9 min. Double reciprocal plots of H4K12CoA with respect to AcCoA (C)

and H4-20 (D).
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Figure 3: Distance between AcCoA and the lysine residue and measurements of bisubstrate
inhibitor.

A) Distance measurements between AcCoA and lysine residue. Using the crystal structure
of HAT1 bound to AcCoA and H4-20 peptide (PDB: 2POW) measurements were done to
determine the distance between the sulfur of AcCoA and the e-amino group of the lysine
residue. B) Distance between sulfur and amine of lysine residue of bisubstrate inhibitor, Lys-

CoA. LysCoA was obtained from PDB: 3BIY.
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Inhibitor sequences and masses

Table 1:

Inhibitor Name

Sequence

Expected Mass (Da)

Observed [M+H]
Mass (Da)

(a) Lys-CoA
(b) HAK5CoA
(c) H4K8CoA
(d) H4K12CoA
(e) HAK16COA

Ac-Lys(CoA)-NH,

Ac-SGRGK(CoA)GGKGLGKGGAKRHRK
Ac-SGRGKGGK(CoA)GLGKGGAKRHRK
Ac-SGRGKGGKGLGK(CoA)GGAKRHRK
Ac-SGRGKGGKGLGKGGAK(CoA)RHRK

994.8

2840.9
2840.9
2840.9
2840.9

995.1

2841.8
2841.8
2841.8
2841.6
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Table 2:
KPP, 1Cs0 and K; of each compound tested with HAT1.

The SPA was used to measure the potency of each inhibitor against HAT1. Reactions containing 40 nM HAT1,
2.5 pM, H4-20 BTN, and 1 pM [3H]AcCoA were incubated at 30°C for 20 min. KPP, 1Csq, and Kj values

were determined using equations 1, 2 and 3, respectively.

Inhibitor — K{PP (uM)  1Cso (M) K; (uM)
HAKSCOA  0.063+0006 0083 0.022
HAKBCOA  26+0.3 26 0.92
H4K12C0A  0.0030+0001 0023 00011
HAK16COA 7.2+13 7.2 25
CoA 415+2.6 41.5 14.6
LysCoA 74883 749 26.2
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Table 3:
Kinetic parameters of HAT1 with respect to AcCoA and H4-20 peptide when inhibited by

H4K12CoA.

Kinetics in the presence of varying concentrations of H4K12CoA was obtained by fitting the Michaelis-
Menten data points to the mixed inhibition rate equation.

Varying [AcCoA] Varying [H4-20]

Vimax  3.5%0.2min? 3.8+0.2min!
Ky 054+0.11pM 8.1+1.9 M

Kis  0075+0.004uM  0.020 % 0.002 uM
Ki 083047 uM 13£0.1pM
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