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Abstract

Aberrant activity of enhancer of zeste homolog 2 (EZH2) is associated with a wide range of human cancers. The interaction of EZH2 

with embryonic ectoderm development (EED) is required for EZH2’s catalytic activity. Inhibition of the EZH2-EED complex thus 

represents a novel strategy for interfering with the oncogenic potentials of EZH2 by targeting both its catalytic and non-catalytic 

functions. To date, there have been no reported high-throughput screening (HTS) assays for inhibitors acting at the EZH2-EED interface. 

In this study, we developed a fluorescence polarization (FP)-based HTS system for the discovery of EZH2-EED interaction inhibitors. 
The tracer peptide sequences, positions of fluorescein labeling, and a variety of physicochemical conditions were optimized. The 
high Z’ factors (>0.9) at a variety of DMSO concentrations suggested that this system is robust and suitable for HTS. The minimal 

sequence requirement for the EZH2-EED interaction was determined by using this system. A pilot screening of an in-house compound 

library containing 1600 FDA-approved drugs identified four compounds (apomorphine hydrochloride, oxyphenbutazone, nifedipine and 
ergonovine maleate) as potential EZH2-EED interaction inhibitors.
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Introduction
Enhancer of zeste homolog 2 (EZH2) is the catalytic 

subunit of the polycomb repressive Complex 2 (PRC2) and 

implements transcriptional repression mainly by depositing 

tri-methylation marks at lysine 27 of histone H3 (H3K27me3)
[1-3].  Accumulating evidence demonstrates that dysregulated 

EZH2 is intimately involved in tumorigenesis and tumor 

progression.  Activating mutations of EZH2 result in hyper-

trimethylation of H3K27, thus blocking cell differentiation 

and resulting in unrestrained cell growth in germinal center 

B-cell type diffuse large B-cell lymphoma (GCB-DLBCL) and 

follicular lymphoma[4-7].  Additionally, the over-expression of 

EZH2 is commonly observed in many malignant solid tumors, 

including those of the prostate, breast, colon, bladder, gastric, 

lung, and pancreas[8-14].  Moreover, the genetic depletion 

of EZH2 has been found to effectively suppress cancer cell 

growth[15].  These studies have raised significant interest in the 
discovery of small molecule inhibitors of EZH2 as novel anti-

cancer agents.

Recently, several small-molecule enzyme inhibitors of EZH2 

have been discovered.  These inhibitors decrease cellular 

H3K27me3 levels and exert promising therapeutic potential 

against a panel of oncogenic EZH2-associated human can-

cers[16-19].  However, several studies have indicated that there is 

a phenotypic discrepancy between the genetic abrogation and 

enzyme inhibition of EZH2, and have further highlighted the 

dominant contributions of the non-catalytic functions in sev-

eral cancer models[20-22].  Therefore, inhibitors targeting both 
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the non-catalytic and catalytic functions of EZH2 may have 

broader therapeutic potentials than targeting the active site.  

Given that the H3K27me3 activity of EZH2 requires the assem-

bly of a core complex with Embryonic Ectoderm Development 

(EED) and Suppressor of Zeste 12 (SUZ12), the blocking of 

these protein-protein interactions (PPIs) may serve as a novel 

method for inhibiting EZH2 activities[23-26].  The druggability of 

the EZH2-EED interface has been demonstrated with a stapled 

EZH2 peptide as well as with a small molecular inhibitor aste-

mizole identified by structure-based virtual screening[25, 26].  

Notably, these inhibitors not only decrease H3K27me3 levels 

but also have a unique mechanism of action (MOA) in which 

the protein degradation of EZH2 is triggered after dissocia-

tion of the complex in cancer cells.  A subsequent study has 

further revealed that the stapled peptide decreases both the 

H3K27me3 and EZH2 levels and impairs growth of SWI-SNF 

mutant cancer cells resistant to EZH2 enzyme inhibitors[20].  

These studies emphasize the promise of targeting the EZH2-

EED interaction for EZH2-dependent cancer treatment thera-

pies.  However, the poor metabolic stability and low bioavail-

ability of the peptide inhibitor, as well as the moderate in vitro 

activity and cardiotoxicity of astemizole, may greatly hinder 

in vivo therapeutic applications[27, 28].  Moreover, there remains 

an unmet need to develop novel and potent small molecular 

inhibitors that target the EZH2-EED interaction.

In this article, we report the development and optimization 

of an fluorescence polarization (FP)-based HTS assay for the 
discovery of small-molecule inhibitors targeting the EZH2-

EED interaction.  Under the optimized conditions, this assay 

is robust, with a high Z’ factor under various DMSO concen-

trations, and is thus highly suitable for high-throughput drug 

screening.

Materials and methods
Peptide synthesis

All of the EZH2 peptides (Figure 1, Table 1) used in this article 

were purchased from China Peptides (Shanghai, China) and 

were synthesized and purified using a standard solid-phase 

synthesis method with a fully automatic Liberty Blue peptide 

synthesizer (CEM).  The synthesized peptides were analyzed 

by reverse-phase high-performance liquid chromatography 

(HPLC) and assessed by mass spectrometry (MS).  The purity 

of all of the peptides was greater than 95%.  N-terminal or 

C-terminal fluorescein isothiocyanate (FITC)-labeled EZH2 

peptides (Figure 1) were used as tracer peptides.  The concen-

trations of tryptophan (Trp)-containing peptides were deter-

mined on the basis of the absorbance and molar extinction 

coefficient at 280 nm[29].  Notably, comparisons of the concen-

trations as determined by the extinction coefficient revealed 

differences of less than 2-fold for all of the Trp-containing 

peptides, when their concentrations were determined on the 

basis of their molecular weights.  Additionally, for the pep-

tides without tryptophan or tyrosine, the concentrations were 

determined on the basis of their molecular weights.

Protein expression and purification
The DNA sequence encoding human EED amino acids 81-441, 

which interact with the EED-binding domain (EBD) of the 

human EZH2 protein, was amplified  by polymerase chain 

reaction (PCR) from full-length DNA and cloned into plasmid 

pET28a-SUMO (Novagen) carrying an N-terminal 6× His-

SUMO tag, as described previously[26].  The recombinant pro-

teins were overexpressed in Escherichia coli BL21(DE3) (Nova-

gen) cells, which were induced with 0.4 mmol/L isopropyl 

β-D-thiogalactoside (IPTG) overnight at 16 °C.  The bacteria 

were sonicated in pre-cooled lysis buffer (25 mmol/L HEPES 

pH 8.0, 150 mmol/L NaCl, 1 mmol/L DTT, 20 mmol/L imid-

azole, 100 μg/mL PMSF) and centrifuged at 18000 r/min 

Table 1.  The binding affinities of various peptide truncations of EED-bind-

ing domain (EBD) determined by FP competitive assay. Ki is the inhibition 

constant.

No Peptide sequence Ki (μmol/L)

1 Ac-KTMFSSNRQKILERTETLNQEWKQRRIQPV-NH2 0.050

2 Ac-TMFSSNRQKILERTETLNQEWKQR-NH2 0.079

3 Ac-FSSNRQKILERTETLNQEWKQR-NH2 0.113

4 Ac-SNRQKILERTETLNQEWKQR-NH2 >200

5 Ac-RQKILERTETLNQEWKQR-NH2 >200

6 Ac-KILERTETLNQEWKQR-NH2 >200

7 Ac-LERTETLNQEWKQR-NH2 >200

8 Ac-TMFSSNRQKILERTETLNQEWK-NH2 2.862

9 Ac-TMFSSNRQKILERTETLNQE-NH2 >200

10 Ac-TMFSSNRQKILERTETLN-NH2 >200

11 Ac-TMFSSNRQKILERTET-NH2 >200

12 Ac-TMFSSNRQKILERT-NH2 >200

13 Ac-TMFSSNRQKILER-NH2 >200

14 Ac-FSSNRQKILERTETLNQEWK-NH2 15.501

 

Figure 1. The optimization of the peptide tracer. Fluorescence polarization 
(FP) saturation binding curves of three different FITC-labeled peptide 
tracers (20 nmol/L) incubated with serial dilutions of EED (0.001 to 

20 μmol/L) in HEPES buffer at room temperature.  The FP values were 
recorded at 2 h.  The experiments were repeated three times, and the 

data were analyzed in GraphPad Prism 5.0.
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for 30 min at 4 °C.  The samples were loaded on Ni-NTA 

resin (5 mL prepacked HisTrap FF column, GE Healthcare, 

Sweden ), and the recombinant proteins were eluted with 90 

mmol/L imidazole.  The EED proteins were separated by size 

exclusion chromatography (Superdex 75, GE Healthcare) in 

a buffer containing 25 mmol/L HEPES, pH 8.0, 150 mmol/L 

NaCl, and 1 mmol/L DTT.  The proteins were concentrated to 

10 mg/mL and stored at -80 °C.

FP Measurements

All FP measurements were performed on a multifunctional 

microplate reader (EnVision, Perkin Elmer) in black 384-well 

microplates (Corning, Cat No 3575) with 40 µL of the assay 

solution per well.  480-nm excitation and 535-nm emission fil-
ters were used for the FP measurements.  The FP values were 

calculated according to the following equation[30, 31]:

FP(mP)=1000×(S-G×P)/(S+G×P)

where S is the parallel emission intensity, P is the perpendicu-

lar emission intensity, and G is the grating factor[32].  The value 

of the G factor ranged from 0.8 to 1.2.

FP binding assay

In the FP saturation binding experiments, 20 nmol/L FITC-

labeled EZH2 peptides (tracers) were mixed with increasing 

concentrations of EED (from 0.001 μmol/L to 20 μmol/L) in 
triplicate.  The FP signals were recorded at 30-min intervals 

until 4 h after incubation at room temperature or 15 °C to 

40 °C.  The optimal FP buffer was 25 mmol/L HEPES, pH 8.0, 

and 150 mmol/L NaCl with additives (0.1 mg/mL BSA and 

0.01% NP40).  Four other buffers, ie, citrate (pH 5.1), PIPES 

(pH 6.2), Bis-tris (pH 7.0), and Bis-tris propane (pH 9.3), at the 

same concentration of 25 mmol/L were used for the FP assay 

buffer optimization.  The same concentrations of NaCl, BSA, 

and NP40 were also included in the four buffer solutions.  Dif-

ferent concentrations of DMSO (from 1% to 10%) were tested 

to evaluate the assay stabilities. All of the experiments were 

independently repeated at least three times.  The FP values 

were plotted against the log of the protein concentrations, and 

the dissociation constant (apparent Kd) and the dynamic range 

(ΔmP) were obtained from the resulting sigmoidal curve as 
analyzed in GraphPad Prism 5.

FP competition assay and quality assessment

For the competitive binding assay, a mixture containing 20 

nmol/L FITC-labeled EZH2 peptides and 625 nmol/L EED 

was incubated with serial dilutions of unlabeled EZH2 pep-

tides or compounds for 2 h at room temperature.  The FP 

values were determined, and the IC50 values, ie, the concen-

trations required for 50% displacement of the tracer, were 

calculated in GraphPad Prism 5.  The Ki values of competi-

tive inhibitors were calculated on the basis of a previously 

reported method[33].

For the high-throughput screening assay performance indi-

cator determination, the Z’ factor was calculated according to 

the following equation[30, 31]:

Z’=1–(3SDn+3SDp)/(μn–μp)

where SDn and SDp are the standard deviations, and μn and μp 

represent the means of the FP values obtained from the nega-

tive and positive controls, respectively.  Each 384-well plate 

contained 190 negative control wells (20 nmol/L tracer and 625 

nmol/L protein), 190 positive control wells (20 nmol/L tracer, 

625 nmol/L protein, and 10 μmol/L unlabeled EZH2 peptide 
competitor), and 4 free tracer wells (20 nmol/L tracer only).  

Different concentrations of DMSO (from 0% to 4%) were added 

to determine the effect of DMSO on the Z’ factor.  All experi-

ments were repeated three times on three separate days.

Pilot screening of an in-house compound library 

In the FP-based high-throughput screening assay, 0.5 μL of the 
compounds (20 mmol/L in DMSO stock for a library of 1600 

compounds) were transferred into each well of 384-well assay 

plates with a robotic delivery system (JANUS, PerkinElmer).  

Mixtures of 39.5 μL containing 625 nmol/L EED and 20 
nmol/L tracer were dispensed into the compound wells with 

a reagent dispenser (Multidrop Combi, Thermo Fisher Scien-

tific).  In each assay plate, the DMSO and unlabeled peptides 
were used as negative and positive controls, respectively.  Free 

tracer wells (20 nmol/L tracer only) were also set up in each 

assay plate.  After incubation for 2 h at room temperature, the 

FP values were measured.  The inhibitory activities were cal-

culated using the following equation: %Inhibition=100×(mPn–

mPs)/(mPn–mPp); where mPn, mPp, and mPs represent FP val-

ues of the negative controls, positive controls, and compound 

samples, respectively.

Results
Optimization of the tracer peptide

Crystallographic studies of either the isolated EED protein 

or the whole PRC2 complex, as well as biochemical results, 

have suggested the critical importances of the EED binding 

domain (EBD) of EZH2 (residues 39–68) and the WD40 repeat 

domain of EED protein (residues 81–441) in the formation of 

the EZH2-EED complex, which is required to maintain the 

catalytic competent conformation of EZH2[24, 34-37].  On the 

basis of the sequence of EBD, we first designed two peptide 

tracers with FITC labeling on the N-terminus or C-terminus 

of the EBD peptide.  The binding affinities of both tracers to 
the EED protein were determined with FP binding assays.  

As illustrated in Figure 1, the C-terminal FITC-labeled EBD 

peptide had an apparent Kd value of 838.7 nmol/L, which was 

approximately ten-fold weaker than that of the N-terminal 

FITC-labeled EBD peptide, which had an apparent Kd value of 

83.7 nmol/L.  These data indicated that the N-terminal label-

ing, and not the C-terminal labeling, preserved  the strong 

binding affinity between EBD and EED, as observed in a pre-

vious study[24].  However, the relatively low signal dynamic 

range obtained from the FITC-EBD tracer peptide (ΔmP=70) 
may have limited the sensitivity of the assay during the HTS.  

Because a large molecular volume difference after binding was 

required to maximize the FP signals, the long EBD peptide 

may have resulted in a relatively higher initial FP value in its 

free state, and a smaller change in the FP signal for the EBD-
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EED complex during the lifetime of fluorescein would thus be 
expected.  We hypothesized that a decrease in the molecular 

weight of the tracer peptide might improve the signal dynamic 

range of the FP assay.  In the EBD-EED complex structure (Fig-

ure S1), we found that the first residue (K39) at the N-terminus 
of the EBD was missing, probably because of the lack of direct 

interactions with EED.  The attachment of the FITC labeling 

at this highly flexible position may have led to a “propeller 

effect” that decreased the polarization of the FITC-EBD-EED 

complex.  Additionally, the EBD interacted with EED primar-

ily via its long N-terminal α–helix (residues 40–63) through 
extensive H-bond and hydrophobic interactions, whereas the 

last five residues at the C-terminus formed a rigid coil that 

adopted van der Waals contacts with EED.  A previous muta-

tional analysis has revealed that most of the “hot spot” resi-

dues are located in the N-terminal α–helix[24].  Thus, we pre-

dicted that the N-terminal α–helix might play a dominant role 
in the formation of the EBD-EED complex.  On the basis of this 

information, we re-designed the tracer peptide by removing 

both the K39 and the last five residues at the C-terminal from 
the EBD peptide, and this truncated tracer peptide was desig-

nated FITC-EZH2 (40–63).  Compared with the parental FITC-

EBD peptide, the FITC-EZH2 (40–63) maintained most of the 

binding affinity (apparent Kd=165.8 nmol/L) and produced an 

approximately 55% increase in the signal dynamic range (ΔmP 
=109).  Therefore, FITC-EZH2 (40–63) was chosen for the sub-

sequent FP assay development.

Optimization of the assay buffer and pH conditions

To select the optimal conditions for FITC-EZH2(40-63) by 

using FP binding assays, we determined the FP values of 

FITC-EZH2(40-63) as a function of its concentration  and com-

pared the influences of various additives.  An apparent varia-

tion of the FP signal was observed when the tracer peptide 

concentration was diluted below 31.25 nmol/L (Figure 2A).  

However, when either BSA or NP40 was included in the assay 

buffer, the lowest concentrations that provided reliable FP sig-

nals decreased to 3.9 nmol/L and 0.98 nmol/L, respectively, 

and the combination of both additives further lowered this 

value to 0.49 nmol/L (Figure 2B–2D).  These observations sug-

gested that the additives significantly improved the detection 
limit of the FP signal, probably by decreasing the non-specific 
binding or aggregation of the tracer peptide.  Previous studies 

have also demonstrated that the use of more than one addi-

tive with distinct chemical properties may more effectively 

decrease compound aggregation in the HTS[38]; hence, both 

BSA and NP40 were added into the FP buffer in our assay 

development.  Moreover, considering the potential influences 
of the differences in batch purities of the tracer peptide and the 

technical variations in the making of the dilution, we selected 

20 nmol/L of peptide tracer for use in the FP binding assay.

To determine the effects of different pH conditions in the FP 

binding assay, we selected 5 different buffer systems with pH 

values ranging from 5.7 to 9.3.  The peptide-EED binding was 

apparently affected by the acidic (pH 5.7) and alkaline (pH 9.3) 

solutions, especially in the acidic conditions in which the bind-

ing was nearly abolished.  Nevertheless, both the FP dynamic 

range and the binding affinity exhibited good tolerance within 
the pH range of 6.2 to 8.0 (Figure 2E).  A protein thermal shift 

assay was used to explore whether the differential protein 

stabilities in the distinct pH conditions might account for 

the variations in the binding affinities.  As demonstrated in 

Figure 2F and Figure S2, markedly higher Tm values (more 

than 10 °C) in the pH range from 6.2 to 8.0 compared with the 

acidic and alkaline conditions were observed, thus suggesting 

that the best EED protein stability was achieved within the 

pH range of 6.2 to 8.0.  The clear correlation between the pro-

tein stability and binding affinity (Figure S2) emphasized the 
importance of selecting the optimal pH conditions that pro-

duced the best protein stability for maintaining high binding 

affinity in the FP assay.  Considering both the protein stability 
and the binding affinity, we selected HEPES buffer (pH 8.0) 

for the subsequent FP assay development.  Notably, we found 

that  for compounds with limited solubility in HEPES (pH 8.0) 

buffer, both the PIPES (pH 6.2) and Bis-Tris buffers (pH 7.0) 

could also be used if an increased solubility was observed.  For 

example, astemizole and its derivatives, ie, the small molecular 

inhibitors of EZH2-EED interactions identified in our previous 
study, were found to exhibit severe precipitation and to form 

aggregates in HEPES buffer.  The PIPES buffer, in which these 

compounds have much better solubility, was subsequently 

used to achieve more accurate evaluation of their activities[26].

Optimizations of incubation time, temperature and DMSO 

tolerance

The stability of the FP saturation binding assay was evaluated 

at different incubation temperatures and incubation times at 

room temperature (25 °C).  The apparent Kd values increased, 

and the ΔmP values significantly decreased when the incuba-

tion temperature was above 30 °C, probably through decreas-

ing protein stability (Figure 3A).  As illustrated in Figure 3B, 

the binding affinity and dynamic range were stable after 2–3.5 
h of incubation at room temperature, although the binding 

affinity decreased slightly from 30 min to 2 h (the change was 
within two-fold).  Moreover, the both FP signal and total fluo-

rescence intensity were stable during this period (Figure S3).  

On the basis of the time course of the apparent Kd values, the 

incubation time was optimized to 2 h for both the FP binding 

and the screening assay.  DMSO, which is commonly used for 

dissolving compounds in high-throughput drug discovery, 

was also tested in terms of stability in the FP binding assay.  

The FP binding curves were well maintained even in the pres-

ence of 10% DMSO.  The good tolerance to DMSO may pro-

vide opportunities to achieve more accurate FP measurement 

when evaluating compounds with solubility issues.

Establishment of the FP competitive assay and Z` factor 

evaluation

In the FP competitive assay, the protein concentration is 

generally above the Kd value for saturation of at least 50% of 

the tracer peptide in the high assay window[33].  To increase 

the sensitivity of our assay, we selected 625 nmol/L (four-
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fold the Kd) of EED in the FP competitive binding assay, 

corresponding to 80% saturation of the tracer peptide, which 

yielded an ~100 mP dynamic range (Figure 4A).  Under the 

optimized conditions described above, the unlabeled peptide 

corresponding to FITC-EZH2(40-63) dose-dependently 

displaced the tracer peptide in the FP competitive assay, with 

a Ki value of 101.5 nmol/L, a value similar to the apparent Kd 

derived from the FP binding assay.  These data suggested that 

the FITC labeling apparently did not affect the binding affinity 
of the tracer peptide with EED, and the FP competitive assay 

Figure 2.  FP buffer and pH optimization.  The FP values of FITC-EZH2(40-63) are plotted as a function of the peptide tracer concentrations in HEPES 
buffer in the absence of additives (A) and in the presence of 0.1 mg/mL BSA (B), 0.01% NP40 (C), or both 0.1 mg/mL BSA and 0.01% NP40 (D).  (E) 
FP saturation binding curves of FITC-EZH2(40-63) with different concentrations of EED in five different buffers.  B.P.  represents Bis-tris propane.  The 
FP values were measured at 2 h.  Three separate experiments were performed, and the data were analyzed in GraphPad Prism 5.0.  (F) The melting 
curves of EED in five different buffers.  In each well of 96-well assay plates, 2 μmol/L EED and 5× SYPRO Orange (Invitrogen) were mixed in 20 μL of 25 
mmol/L buffers and 150 mmol/L NaCl.  The assay plate was heated from 25 °C to 95 °C at a ramp rate of 0.05 °C/s.  The changes in the fluorescence 
intensities of SYPRO Orange were monitored as a function of temperature.  The melting temperature (Tm) was calculated with the Boltzmann fitting 
method in the Protein Thermal Shift Software v1.2.  The experiments were performed in triplicate and independently repeated three times.
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could thus be used to accurately quantify the abilities of small 

molecular compounds to inhibit the EZH2-EED interaction.

To determine whether the FP competitive assay was suit-

able as a high-throughput screening assay, the Z’ factor, a 

statistical parameter accessing both the assay range and the 

data variation in HTS assays[31], was determined in a 384-well 

format, and the unlabeled peptide EZH2 (40–63) was used as a 

positive control.  Generally, assays with Z’ factors less than 0.5 

are not recommended for HTS, whereas assays with Z’ factors 

of 0.7–1 are considered high-quality assays.  Because the con-

centrations of DMSO in biochemical HTS assays are usually 

below 5%, we evaluated the effects of DMSO on the Z’ factor 

at concentrations of up to 4% (Figure 4C–4F).  The Z’ factors 

for the FP competitive assays were found to be more than 0.9 

even in the presence of 4% DMSO.  These results clearly dem-

onstrated that the FP competitive assay is robust and suitable 

for HTS with DMSO concentrations up to 4%.

Determination of the minimal sequence requirement for EZH2-

EED interaction

To validate the utilization of the established FP competitive 

assay, we first determined the minimal sequence require-

ment of the EBD peptide, which mediates the interaction with 

EED.  In agreement with the observations from the FP binding 

experiments (Figure 1), the removal of K39 and the last five 

amino acids maintained most of the binding affinity of pep-

tide 2 (Table 1) relative to the parental EBD peptide (peptide 

1).  Although the further truncation of two residues (T40 and 

M41) at the N-terminus (peptide 3) had a minimal effect on 

binding affinity, the removal of the F42 and S43 (peptides 4–7) 
completely abolished its binding ability with EED, a result in 

line with findings from previous mutation studies suggesting 
that F42 is a ‘hot-spot’ residue in the EZH2-EED complex[24, 26].  

Additionally, the truncation of the last two residues (Q62 and 

R63) at the C-terminus (peptide 8) caused an approximately 

36-fold decrease in binding affinity, thus indicating the impor-

tance of the H-bond or electrostatic interactions between these 

two residues and EED[24].  Nevertheless, the binding activity 

was lost after the further removal of W60 and K61.  Consider-

ing both the N-terminal and C-terminal truncation data, we 

speculate that the sequence from F42 to K61 of EZH2 is the 

core region that associates with EED.  As expected, a peptide 

consisting of this core region (peptide 14) maintained its inter-

action with EED, albeit with a weaker binding activity (Ki=15.5 

μmol/L).

Pilot screening of an in-house compound library

The FP-based HTS assay was then applied in a pilot 

screening of an in-house drug library of 1600 compounds 

with known biological functions (Table S1).  As illustrated 

in Figure 5A, a primary screening of the 1600 compounds 

in duplicate identified 31 potential hits (% inhibition >50%).  

Figure 3.  Stability of the FP binding assay.  Three separate experiments were performed, and the data were analyzed in GraphPad Prism 5.0.  (A) The 
effect of incubation temperature on binding affinity and dynamic range.  FP values were recorded at 2 h.  (B) The time courses of binding affinity and 
dynamic range at room temperature (25 °C).  (C) DMSO tolerance of the FP binding affinity and dynamic range.  (D) FP saturation binding curves of FITC-
EZH2 (40–63) with increasing concentrations of EED in the absence or presence of 4% and 10% DMSO.  Three separate experiments were performed, 
and the data were analyzed in GraphPad Prism 5.0.
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After exclusion of auto-fluorescent compounds on the basis 

of total fluorescence at 100 μmol/L and 10 μmol/L in the 
secondary screening, 4 compounds demonstrated dose-

dependent inhibition of the EZH2-EED interaction.  Among 

these compounds, apomorphine hydrochloride exhibited the 

greatest inhibitory activity, with an IC50 value of 15.5 μmol/
L and a Ki value of 2.9 μmol/L (Figure 5B and 5C).  This pilot 
screening further demonstrated that the FP-based competitive 

assay can be used as a robust HTS assay for the discovery of 

inhibitors of the EZH2-EED interaction.

Discussion
In this study, an FP-based HTS assay was developed for 

identifying small molecular inhibitors of the EZH2-EED 

interaction.  The tracer peptide and various physicochemical 

conditions, such as pH, temperature, incubation time and 

DMSO resistance, were systematically optimized to maximize 

the sensitivity and reproducibility of the assay.  The assay 

Figure 4.  FP competitive binding assay and determination of the Z' factors.  (A) Selection of the EED concentration for the FP competitive binding assay 
based on the FP saturation binding curve at 80% fractions of tracer bound.  (B) FP competitive binding curve.  Mixtures of 20 nmol/L FITC-EZH2(40-63) 
and 625 nmol/L EED were incubated in the presence of different concentrations of unlabeled peptide EZH2(40-63) (20 nmol/L to 40 μmol/L).  The FP 
values were recorded at 2 h.  (C–F) Z' factors for evaluation of the FP-based high-throughput screening assay in the absence or presence of 1%, 2%, and 
4% DMSO.  The FP values of both negative and positive controls are shown in a scatter plot.  All experiments were performed at least three times.  The 
data were analyzed in GraphPad Prism 5.0.
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was miniaturized for HTS, and the high Z’ factors (>0.9) 

with commonly used DMSO concentrations indicated that 

this assay is robust and well suited for HTS.  By using this 

established assay with optimized conditions, the minimal 

sequence requirement for EZH2-EED interactions was first 

determined.  A pilot screening was performed to identify 

several compounds that dose-dependently inhibited the 

EZH2-EED interaction.  Apomorphine hydrochloride, the 

most potent inhibitor identified in the screening, exhibits 

agonist activities toward more than 15 human targets[39,40] in 

addition to being a non-selective dopamine agonist used for 

Parkinson's disease.  These findings provide the first evidence 
indicating that apomorphine may modulate PRC2 activity by 

blocking the EED-EZH2 interaction.  However, more detailed 

validation and target engagement investigations, such as those 

using a red-shifted dye with a longer half-life in the excited 

state in the FP assay[41], evaluation of the direct binding with 

EED via biophysical assays, and assessment of the changes in 

histone H3K27me3 levels, are needed to explore the role of the 

EZH2-EED interaction in the clinical effects of apomorphine.

Collectively, we believe that this robust FP-based HTS assay 

may greatly accelerate the drug discovery process for com-

pounds targeting the EZH2-EED interaction, and these inhibi-

tors might possess broader therapeutic potential than EZH2 

inhibitors.  Moreover, anti-tumor synergy effects can also be 

expected in the combination of EZH2 PPI and EZH2 inhibi-

tors[25, 26].  Additionally, the minimal peptide sequence for 

EZH2-EED interaction, as well as the potential hits from the 

pilot screening, may serve as good starting points for further 

development.
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