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ABSTRACT: The protein arginine deiminases (PADs) catalyze the post-translational hydrolysis of peptidyl-arginine to form
peptidyl-citrulline in a process termed deimination or citrullination. PADs likely play a role in the progression of a range of
disease states because dysregulated PAD activity is observed in a host of inflammatory diseases and cancer. For example, recent
studies have shown that PAD2 activates ERα target gene expression in breast cancer cells by citrullinating histone H3 at ER
target promoters. To date, all known PAD inhibitors bind directly to the enzyme active site. PADs, however, also require calcium
ions to drive a conformational change between the inactive apo-state and the fully active calcium bound holoenzyme, suggesting
that it would be possible to identify inhibitors that bind the apoenzyme and prevent this conformational change. As such, we set
out to develop a screen that can identify PAD2 inhibitors that bind to either the apo or calcium bound form of PAD2. Herein, we
provide definitive proof of concept for this approach and report the first PAD inhibitor, ruthenium red (Ki of 17 μM), to
preferentially bind the apoenzyme.

The protein arginine deiminases (PADs) catalyze the post-
translational hydrolysis of peptidyl-arginine to form

peptidyl-citrulline in a process termed deimination or
citrullination (Figure 1A).1 These enzymes have garnered
significant attention over the past several years because PAD
activity is dysregulated in cancer and a host of inflammatory
diseases (e.g., rheumatoid arthritis, lupus, ulcerative colitis,
Alzheimer’s disease, and multiple sclerosis).1,2 Although it is
unclear how the PADs contribute to such a disparate number of
diseases, common links include a role for PAD4 in promoting
neutrophil extracellular trap (NET) formation and regulating
gene transcription.1,3 Further evidence that upregulated PAD
activity plays a role in these various diseases comes from the
demonstration that Cl-amidine, a potent pan-PAD inhibitor, or
analogues show efficacy in animal models of cancer,4

rheumatoid arthritis,5 lupus,6 thrombosis, spinal cord injury,7

and ulcerative colitis.8

Although dysregulated PAD4 activity is typically associated
with these diseases, more recent work suggests that PAD2 also
plays an important role in both extracellular trap formation9

and in gene regulation.10,11 Thus, it is possible that PAD4 and
PAD2 carry out similar/related functions during disease
progression. Regarding gene regulation, PAD4 was previously
implicated in regulating ER target gene expression via
citrullination of histone H4Arg3 at ER target gene promoters.
More recently, we carried out a detailed ChIP-chip study and
found that PAD2 also plays a critical role in ER target gene
activation via citrullination of histone H3Arg26 at ER target
gene promoters.11 Additionally, we found that PAD2
expression is highly correlated with HER2 expression across
more than 60 breast cancer cell lines. Consistently, other
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studies showed that PAD2 is one of 29 genes that represent a
HER2 gene expression signature in primary tumors.12 The
importance of PAD2 in breast cancer is further confirmed by
the finding that Cl-amidine inhibits the growth of MCF10DCIS
xenografts, a mimic of ductal carcinoma in situ (DCIS), which
express high levels of PAD2.4 From a therapeutic standpoint,
∼75% and 15% of all breast cancers are either ER or HER2+,
respectively. Given that PAD2 likely plays an important role in
the biology of both ER and HER2+ lesions, these observations
suggest that PAD2 represents a therapeutic target for ∼85−
90% of all breast cancers in women.
Beyond breast cancer, PAD2-catalyzed histone citrullination

has recently been implicated in the production of macrophage
extracellular traps (METs) in adipose tissue from obese mice.9

Given the emerging roles for extracellular traps in a range of
disease states and the universal role of macrophages in
promoting inflammation, further demonstration of the require-
ment for PAD2-mediated histone deimination in MET
production suggests that PAD2 inhibitors may prove to be
ideal therapeutics for a range of inflammatory diseases.
Given the therapeutic relevance of the PADs, significant

effort has been made to develop PAD inhibitors.13−19 While Cl-
amidine reduces disease severity in the aforementioned animal
models, it suffers from significant drawbacks, including a short
in vivo half-life, poor bioavailability, and because Cl-amidine is
an irreversible inhibitor, the potential for off-target effects.13 To
overcome these limitations and identify novel inhibitors, our lab
previously developed plate- and gel-based screening assays that
rely on rhodamine conjugated F-amidine (RFA), a PAD
targeted activity based protein profiling (ABPP) reagent
(Figure 1B).20,21 In the plate-based assay, this probe, which
consists of the core structure of F-amidine coupled (through a
triazole) to rhodamine, is used to measure changes in PAD
activity in the presence or absence of an inhibitor, using
fluorescence polarization (FluoPol) as the readout. Using this

assay, we identified streptonigrin as a PAD4-selective
inhibitor.20,21 22

Although this RFA-based HTS assay shows great utility, it
suffers from a number of limitations including a strong bias
toward irreversible inhibitors and the fact that it preferentially
identifies inhibitors targeting the fully active holoenzyme.20 To
identify inhibitors that bind to either the active or inactive
calcium free conformations of PAD2, i.e., apoPAD2, we
modified this assay such that it is amenable to identifying
these types of inhibitors (Figure 1C). Our strategy is based on
the fact that the PADs are calcium-dependent enzymes that
require high micromolar amounts of calcium (1−10 mM) for
full activity; calcium activates the four known active PAD
enzymes (i.e., PADs 1−4) by >10,000-fold in vitro.15,23

Inhibitors targeting the apoenzyme are particularly interesting
because this enzyme form likely predominates inside the cell
until a stimulating event.24 Given these considerations, we
hypothesized that by lowering the concentration of calcium it
should be possible to identify inhibitors that bind the
apoenzyme and thereby prevent the conformational changes
that occur upon calcium-binding and enzyme activation. Since
the active sites of apo and holoPAD4 show marked
conformational differences between these two states, we
expected this approach to identify unique chemotypes that
preferentially bind to either form of the enzyme and therefore
result in novel, potent, and selective inhibitors of the PAD
family. Herein, we show for the first time that it is possible to
identify small molecules that bind to the apoenzyme and report
ruthenium red as a potent (Ki of 17 μM) PAD2 inhibitor that is
competitive with calcium and likely binds at the Calcium 3,4,5
site.

■ RESULTS AND DISCUSSION

Assay Design. In our original FluoPol-ABPP HTS assay,20

we used saturating (10 mM, 20× K0.5) concentrations of
calcium, such that >99% of the enzyme exists in the active,

Figure 1. PAD reaction and PAD2 FluoPol-ABPP assay design. (A) PADs hydrolyze the positively charged guanidinium of peptidyl-arginine to form
peptidyl-citrulline. (B) FluoPol-ABPP assay scheme to identify inhibitors for either the active or inactive conformation. At high calcium
concentrations PAD2 exists only in the holo-form (top). At lower concentrations, PAD2 exists in the apo- or holo-form (bottom).
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calcium-bound, conformation. Since this concentration biases
the assay toward compounds that bind the holoenzyme, we
hypothesized that by lowering the calcium levels close to K0.5,
where the apo and holo states are present in roughly equivalent
amounts, we would discover compounds that bind to either the
apo- or holoenzyme. Since the apo state predominates under
cellular conditions, compounds that bind the apoenzyme are
particularly interesting because, like the DFG out protein kinase
inhibitors,25 we expect them to better prevent the conversion to
the holo state (Figure 1).
Our assay is based on the reaction of PAD2 with RFA

(Figures 1 and 2A), a PAD targeted activity based protein
profiling (ABPP) reagent. When covalently bound to the PAD2
active site, slower rotation of the PAD2-RFA complex results in
an observable increase in the emission of polarized light, i.e.,
FluoPol.26 By contrast, free RFA emits nonpolarized light as it
rapidly rotates in solution. This assay has several advantages
including a homogeneous readout and no washing, and RFA
can be used to validate compounds in a gel-based screen to
provide a semiquantitative read-out of inhibitor potency.
Assay Optimization. Our initial assay optimization started

with our previously established PAD4 HTS conditions.20 These
conditions (PAD2 Screening buffer plus 10 mM CaCl2)
produce a robust FluoPol response with PAD2 (Figure 2B)
that begins to level off at 3 h. Having demonstrated the
feasibility of this FluoPol-ABPP assay for PAD2, we next
evaluated the effect of lower calcium concentrations on the
FluoPol response. The response is expected to decrease
because the lower concentrations will shift the equilibrium
from holoPAD2 toward apoPAD2. Indeed, as the calcium
concentration is reduced, the rate of RFA labeling is slowed
(Figure 2B). Given the robust FluoPol response at 350 μM
CaCl2 (∼2× K0.5), we used this concentration to further
optimize the signal to baseline (S/B) and Z′ (a statistical
measurement of assay dynamic range and data variation) and
for the response to be linear over 6 h (Figure 2C). These

conditions (see Methods) produced a robust S/B of ∼4 and a
Z′ factor ∼0.7.

Assay Reproducibility. We next evaluated plate-to-plate
and day-to-day variability by constructing a control plate
containing DMSO (no PAD2) or Cl-amidine for the high
controls, and DMSO (no inhibitors, low control) plus PAD2 to
establish the sample field. The effect of DMSO on RFA labeling
was further examined by pin-transferring 20 nL of DMSO from
a source plate into a 384-well microtiter plate that already
contained PAD2. Once transferred, the solution was
preincubated for 20 min. During the actual screen this
preincubation step facilitates diffusion throughout the well
and also allows for any covalent or slow binding compounds to
interact with the enzyme. RFA was then added, and after a 6 h
incubation, FluoPol was measured and normalized against the
controls. The 6 h time point was chosen to both maximize S/B
and Z′ and minimize the number of robotic handling steps. A
random well plot of four plates (1,488 wells) (Supplementary
Figure S1) shows clear separation between the high (PAD2,
DMSO) and both low controls (i.e., no PAD2 and Cl-amidine).
Because the Cl-amidine columns did not provide max
inhibition, the no-PAD2 columns were used for all future Z′
calculations. Correlation plots (Supplementary Figure S1B)
demonstrate that the assay shows excellent repeatability with
the clustering of the controls and the DMSO sample field (R2 =
0.86). Z′ factors are robust (∼0.8 for each plate), and the S/B
was near 4 (Supplementary Figure S1C), indicating that this
assay is highly reproducible and shows very little deviation in
the controls.
To further gauge the sensitivity and reproducibility of the

assay, we determined the IC50 for Cl-amidine, an irreversible
pan-PAD inhibitor. For these studies, 7 replicates of 1/3
dilutions of Cl-amidine were pin transferred into the wells, and
the FluoPol was measured after 6 h (Figure 2D). All replicates
showed strong correlations, and we obtained good agreement
in the IC50 values obtained for Cl-amidine (IC50(Cl‑amidine) = 4.4
± 1 μM) at 6 h. Importantly, the IC50 value is similar to the

Figure 2. FluoPol-ABPP assay optimization. (A) Structure of rhodamine conjugated F-amidine (RFA). (B) Fluorescence polarization increases as a
function of time and is dependent on the concentration of calcium. (C) Time course of the optimized conditions showing linearity out to 6 h and
covalent inhibition by Cl-amidine. (D) IC50 of Cl-amidine at 6 h.
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value obtained in vitro using our standard PAD2 assay (17 ± 3.1
μM).19

LOPAC Screen. Using this optimized assay, we next
screened the 1,280-compound LOPAC library (Sigma-Aldrich
Library Of Pharmacologically Active Compounds) at 11 μM
using the conditions and controls outlined above. A
randomized-well activity scatter plot (Figure 3A) of the
compounds (4,836 wells) shows strong separation between
the controls (Figure 3B: average Z′ of 0.86 for the whole assay)
and several potential inhibitors in-between. Using a typical
assay cutoff,27 the hit rate was calculated to be 0.8%.
Comparing two replicates of the same LOPAC source plate
(Figure 3C) shows the reproducibility of the assay for hit
identification (R2 = 0.76). The structures of a subset of the top
hits are depicted in Figure 4A.
Inhibitor Classification. To classify inhibitors that bind

apoPAD2, holoPAD2, or both, we developed a counterscreen
that uses high calcium concentrations (10 mM); inhibitors that
lose potency likely bind to apoPAD2 (due to the equilibrium
shift), whereas no loss in potency implies that they bind either
holoPAD2 or both forms of the enzyme. Incubating serial
dilutions of the top LOPAC inhibitors with RFA and PAD2
with 10 mM calcium for 3 h or 350 μM calcium for 6 h led to
substantially different compound response curves (CRC) for
the different compounds. Using a minimum 3-fold increase in
IC50 as our cutoff, we classified NSC 95937 (1), sanguinarine
(3), and U-83836 (4) as calcium-insensitive and ruthenium red

(2) as calcium-sensitive inhibitors (Figure 4A,B; Supplementary
Table S1).

Secondary Screen and Inhibitor Validation. To validate
these classifications, we used our gel-based ABPP assay.20 In
this assay, PAD2 is incubated with compound, RFA, and either
low (125 μM) or high (10 mM) calcium for 1 h or 30 min,
respectively. On the basis of this analysis, compounds 1 and 3
show calcium-independent inhibition of PAD2, whereas 2
shows a strong decrease in percent inhibition at the higher
concentration of calcium (Figure 4C,D; Supplementary Table
S1). These trends were generally conserved when using less
inhibitor (Supplementary Figure S2). The one exception is 4,
which showed no inhibition at low calcium but strong
inhibition at high calcium when used at 100 μM. Notably,
this pattern was reversed at lower inhibitor concentrations
(Supplementary Figure S2), leading us to discard 4 as a possible
artifact.
Compound 1 (NSC95397) contains a reactive quinone

moiety and is known to irreversibly inhibit Cdc25,28 whereas 2
(ruthenium red) is an inorganic complex that binds specifically
to calcium-binding proteins such as calmodulin and has been
shown to block calcium flux through calcium ion channels.29,30

Compound 3 (sanguinarine) is a plant alkaloid isolated from
the root of Sanguinaria canadensis31 and has been demonstrated
to target a variety of known cellular proteins including the
phosphatases MKP-132 and PP2C.33

Figure 3. LOPAC screen. (A) Random well scatter of the 6 h normalized FluoPol values. (B) Z′ and S/B plots for each of the 12 plates. (C) Well
correlation between 2 plate replicates.
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Figure 4. LOPAC hits and CRCs. (A) Structures of the four top hits identified from the LOPAC library. (B) CRC curves for the four LOPAC
compounds with low (350 μM) and high (10 mM) calcium. (C) RFA gel-based counterscreen of PAD2 with 100 μM inhibitor and either low (0.125
mM) or high (10 mM) calcium. (D) Quantified fluorescence from panel C, *indicates p < 0.05.

ACS Chemical Biology Articles

dx.doi.org/10.1021/cb400841k | ACS Chem. Biol. 2014, 9, 913−921917



Inhibitor Kinetics. After confirming that compounds 1−3
inhibit PAD2, we determined their potencies and mechanisms
of inhibition. Initially, progress curves were generated for
compounds 1−3 (Supplementary Figure S3). For compounds
2 and 3 product formation is linear with respect to time,
consistent with their being reversible inhibitors. By contrast, the
progress curves are nonlinear in the presence of 1, suggesting
that this compound is an irreversible inhibitor. Indeed, 1
contains a reactive quinone. Inhibition is unlikely to be due to
peroxide formation because this compound still inhibits PAD2
in the absence of reducing agent (Supplementary Figure S4)
and catalase did not alter the inactivation rate (not shown).
Since the substrate BAEE protects against enzyme inactivation
(Supplementary Figure S3A), we reasoned that 1 was an
irreversible inhibitor. Kinetic analyses confirmed that this was
the case and that 1 modifies the PAD2 active site with a kinact/
KI of 1600 ± 300 M−1 min−1. Since this compound is only 5-
fold more potent toward PAD3 and 2-fold more potent toward
PAD4 when compared to PAD2, it is a pan-PAD inhibitor
(Table 1).

Since 2 and 3 (Supplementary Figures S3B,C) are calcium-
sensitive and -insensitive reversible inhibitors, we next
determined their potency with respect to both the substrate
BAEE and calcium. On the basis of visual inspection of the
Lineweaver−Burk plots and the accuracy of fits, compound 3
appears to be competitive with the substrate BAEE, with a Ki of
100 ± 30 μM, and noncompetitive with respect to calcium (Ki
= 500 ± 65 μM) (Supplementary Figure S5C and D,
respectively; Supplementary Tables S2 and 3). Compound 3
also inhibits PADs 3 and 4 with similar potency (Ki = 60 ± 5
μM for PAD3 and 80 ± 10 μM for PAD4) but is a relatively
weak PAD1 inhibitor (Ki = 2000 ± 400 μM; Table 1).
Unlike 3, compound 2 potency is sensitive to the

concentration of calcium. On the basis of visual inspection of
the Lineweaver−Burk plots and the accuracies of the fits
(reduced χ2), 2 is competitive with calcium (Ki = 17 ± 6 μM)
but noncompetitive with respect to the substrate BAEE (Ki =
1050 ± 200 μM) (Supplementary Tables S2 and 3,
Supplementary Figure S5A and B, respectively). That 2 is
competitive with calcium confirms the previous observation
that inhibitor efficacy is decreased in the presence of higher
calcium concentrations and thus confirms our hypothesis that
this HTS assay can identify calcium competitive inhibitors.
Compound 2 is also most potent for PAD2 and also shows
similar potency for the other PAD isozymes with apparent Ki
values of 30 ± 10 μM for PAD1, 25 ± 5 μM for PAD3, and 10
± 1 μM for PAD4 based on Dixon plot analysis (Table 1). To
rule out the possibility that 2 is leaching Ru3+ and, as a
consequence, the metal ion inhibits calcium binding and PAD2
activation by occupying the calcium binding sites in place of
calcium, we generated progress curves in the presence of a

similar amount of RuCl3 and showed that Ru3+ does not inhibit
PAD2 activity (Supplementary Figure S3D).

Inhibiting Cellular PAD Activity. PAD2 is expressed in
macrophages, and increased PAD activity is observed in
response to stimuli such as LPS or TNF.9,34 Specifically,
previous studies have shown that LPS stimulates PAD2 activity
in macrophages via calcium influx through L-type calcium
channels.34,35 Additionally, recent studies have suggested a role
for PAD2 in regulating gene transcription via histone H3
deimination.11 Therefore, we determined whether compounds
1−3 inhibit histone H3 citrullination in LPS stimulated RAW
mouse macrophages. Using our previously established citrul-
line-specific probe Rh-PG,36 we first confirmed that LPS
stimulation increases H3 deimination (Figure 5A). All three

inhibitors were able to prevent the increase in citrullination
induced by LPS. However, it should be noted that the efficacy
of 2 may be due to inactiviating the L-type calcium ion channels
and therefore preventing calcium flux.30−33

To further determine if the cellular efficacy was due to direct
inhibition of PAD2, or by some other pathway, we constructed
a stable HEK 293T PAD2 overexpressing cell line (Supple-
mentary Figure S6). Upon stimulation with Ca/ionophore in
Locke’s solution, we observed a robust increase in total protein
citrullination using our citrulline-specific Rh-PG probe (Figure
5B). Unlike the previous RAW cell assay, only 1 showed
efficacy in this model, indicating that the inhibition afforded by
2 and/or 3 may be due effects on calcium flux. While

Table 1. Potency and Selectivity of 1, 2, and 3

PAD
NSC95397 (1) kinact/[KI]

(M−1 min−1)
ruthenium red (2)

Ki (μM)
sanguinarine (3)

Ki (μM)

PAD1 175 ± 10c 30 ± 10a 2000 ± 400a

PAD2 1600 ± 300 17 ± 6b 100 ± 30b

PAD3 9150 ± 1400c 25 ± 5a 60 ± 5a

PAD4 4530 ± 240c 10 ± 1a 80 ± 10a

aKi determined by Dixon analysis. bKi determined by Lineweaver−
Burk analysis. cApproximated using kobs/[I].

Figure 5. Efficacy of PAD2 inhibitors in cellular efficacy assays. (A)
Citrullinated H3 levels were measured after treating RAW264.7 cells
with LPS or DMSO control plus or minus compounds 1, 2, and 3 at 5
μM. (B) Stable PAD2 overexpressing HEK293T cells were stimulated
with calcium ionophore in the presence or absence of compounds 1 (5
μM), 2 (5 μM), and 3 (1 μM). Cell extracts were treated with Rh-PG
and proteins separated by SDS-PAGE, and the whole lane fluorescence
was measured. Error bars show the standard deviation (n = 4 for the
panel A and n = 6 for panel B). *p value <0.05; **p value <0.01.
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encouraging, these results demonstrate the need to screen
larger libraries to find more drug-like molecules that
preferentially bind the apo form of the enzyme.
Conclusions. In conclusion, we have developed and

optimized a FluoPol-ABPP based HTS for PAD2. We
successfully identified compound 2 as a calcium competitive
inhibitor that binds apoPAD2. Additionally, using this screen-
ing approach we identified a covalent inhibitor (1), as well as an
active site competitive inhibitor (3). After full characterization,
we show that 1 inhibits deimination in both cellular efficacy
models. In total, these results demonstrate that our low calcium
screen is a viable approach to discover novel PAD inhibitors.

■ METHODS
PAD2 HTS Assay Validation. PAD2 Screening Buffer (8 μL of 50

mM HEPES pH 7.6, 150 mM NaCl, 1 mM TCEP, 350 μM CaCl2,
0.01% pluronic acid) (column 1) and PAD2 (8 μL; 2 μM final) in
Screening Buffer (columns 2−23) were added to a black 384-well
microtiter plate (Greiner 784076) using a Beckman Coulter Flying
Reagent Dispenser (FRD). Controls (column 1: DMSO (no PAD2,
high control); column 2: 5 mM Cl-amidine (high control); and
column 23: DMSO (no inhibitors, low control)) and source DMSO
(100%) (columns 3−22) were pinned 2× using the 10 nL head on a
Beckman Coulter BioMek NXP to achieve a final DMSO
concentration of 0.4% v/v. After a 20 min incubation, RFA (2 μL;
75 nM final) in Screening Buffer was added using the FRD. The plates
were read after incubating for 6 h at 37 °C using a PerkinElmer
EnVision plate reader (Ex: 531, Em: 595).
LOPAC Screen. PAD2 Screening Buffer (8 μL; column 1) and

PAD2 (8 μL; 2 μM final) in Screening Buffer (columns 2−23) were
added to a black 384-well microtiter plate (Greiner 784076) using the
FRD. Controls (column 1: DMSO (no PAD2, high control); column
2: 5 mM Cl-amidine (high control); and column 23: DMSO (no
inhibitors, low control)) and LOPAC molecules (columns 3−22) were
pinned 2× using the 10 nL head on a Beckman Coulter BioMek NXP
to achieve a final concentration of 11 μM. After a 20 min incubation,
RFA in Screening Buffer (2 μL; 75 nM final) was added using the
FRD. The plates were read after incubating for 6 h at 37 °C as
described above.
Compound Response Curves (CRC). PAD2 Screening Buffer (8

μL; column 1) and PAD2 (8 μL; 2 μM final) in Screening Buffer
(columns 2−23) were added to a black 384-well microtiter plate
(Greiner 784076) with the FRD. Controls (column 1: DMSO (no
PAD2, high control); column 2: 5 mM Cl-amidine (high control); and
column 23: DMSO (no inhibitors, low control)) and CRC molecules
(columns 3−22) were pinned using the 100 nL head on a Beckman
Coulter BioMek NXP to achieve a final concentration of 1 nM to 25
μM. After a 20 min incubation, RFA in Screening Buffer (75 nM final)
was added using the FRD. The plates were read after incubating for 6
h at 37 °C as described above. IC50 values were calculated by fitting the
normalized inhibition data to eq 1:

= +fractional activity 1/(1 [I]/IC )50 (1)

using Grafit 5.0.1.1 where [I] is the concentration of inhibitor.
PAD2 High Calcium Counter Screen. PAD2 High Calcium

Screening Buffer (8 μL; 50 mM HEPES pH 7.6, 150 mM NaCl, 1 mM
TCEP, 10 mM CaCl2, 0.01% pluronic acid) (column 1) and PAD2 (8
μL; 2 μM final) in PAD2 High Calcium Screening Buffer (columns 2−
23) were added to a black 384-well microtiter plate (Greiner 784076)
using the FRD. Controls (column 1: DMSO (no PAD2, high control);
column 2: 5 mM Cl-amidine (high control); and column 23: DMSO
(no inhibitors, low control)) and CRC molecules (columns 3−22)
were transferred with the 100 nL head on a Beckman Coulter BioMek
NXP to achieve a final concentration of 1 nM to 25 μM. RFA in
Screening Buffer (75 nM final) was added using the FRD. The plates
were read after incubating for 6 h at 37 °C using a PerkinElmer
EnVision plate reader as described above.

Gel-Based Secondary Screens. Gel-based secondary screens
were performed analogously to a previously described method.21

Briefly, PAD2 (1 μM final) was preincubated with inhibitor (10 or 100
μM final) in PAD2 Gel Screening Buffer (50 mM HEPES pH 7.6, 150
mM NaCl, 1 mM TCEP, 125 μM or 10 mM CaCl2, 0.01% pluronic
acid) for 20 min. RFA (5 μM final) was then added, and the reaction
was incubated at 37 °C. The reaction was quenched after 1 h (125 μM
CaCl2) or 30 min (10 mM CaCl2) with 6× SDS-PAGE loading buffer.
The proteins were then separated on a 12% SDS-PAGE gel and
imaged to 50 μm on a Typhoon 9410 (GE Healthcare) set at 580 nm.
The fluorescent intensities were quantified using Image Quant.
Percent inhibition was calculated by normalizing the fluorescence
relative to the DMSO control (n = 4).

In Cellulo PAD Inhibition. RAW 264.7 cells (ATCC) were seeded
in a 6-well tissue culture dish in DMEM. The next day, DMSO (10
μL) or compound (10 μL, 5 μM final) was added and incubated for 2
h. LPS (10 μL, 1 μg/mL final) or EtOH (10 μL) was added and
incubated for 2 h. The cells were scraped, centrifuged (700g), and
washed 2× with cold PBS. The pellet was resuspended in 800 μL of
cold Lysis Buffer (50 mM PBS pH 7.4, 0.5% Triton, 2 mM PMSF,
0.02% NaN3) and incubated 10 min. The nuclei were pelleted at
2,000g for 10 min at 4 °C, washed with 400 μL of Lysis Buffer, then
resuspended in 150 μL of cold 0.2 M HCl, and incubated overnight at
4 °C. The samples were centrifuged at 2,000g to obtain the histone-
containing supernatant. The proteins were labeled with Rh-PG, and
their fluorescence was quantified as described previously.36 The four
replicates were evaluated for significance using a two-tailed t test
comparing the inhibitor-treated cells to DMSO-treated cells.
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