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Abstract: To develop a fluorescence polarization (FP)-based high-throughput screening (HTS) assay to identify
novel small-molecule antagonists targeting S -catenin/TCF4 (T-cell factor 4) interaction, recombinant human f-
catenin was expressed in Escherichia coli Rosetta (DE3) cells and purified by HisTrap™ column. The bioactivity
of purified g-catenin was further analyzed by enzyme-linked immunosorbent assay (ELISA). According to FP
principle, the S-catenin/TCF4 binding model was performed, and fluorescence isothiocyanate (FITC) labeled TCF4
peptide (FITC-TCF4) served as the molecular probe of adaptor for binding to g-catenin. The FITC-TCF4 and -
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catenin working concentration were optimized, and the binding conditions (complex stability and dimethylsulfoxide
(DMSO) tolerance) have been investigated yet for further hits screening. The results showed that recombinant
human g-catenin was successfully expressed and purified S-catenin exhibited favorable bioactivity in ELISA binding
assay. Subsequently, the FP-based HTS assay was performed using 20 nmol-L* FITC-TCF4 and 100 nmol-L*
S-catenin. Under these optimized conditions, a high Z factor of 0.88 was achieved in a 384-well format and this
FP-based HTS assay was very stable with regard to DMSO. Through screening of a natural-based product library
(NBPL) using the established FP-based HTS assay, three hits (sanguinarine, chelerythrine, and compound S720)
were identified as potential f-catenin/TCF4 interaction antagonists. Taken together, we have successfully developed
a simple, robust and reliable FP-based HTS assay for screening of novel antagonists targeting /5 -catenin/TCF4

interaction.
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45 B W% (colorectal cancer, CRC) (1) & %% K Fll 1
TR KA ERENRGEEME Y, mEaE
Jo B B, HL AR AR AR A N 65% 2. H |, RE A
FARIGIT VBOT AT G TR )5 2 PR TT T
B, 1B CRC 5 R AT & T BUL S 0 T R ) S %
JR B . fE CRC & K ML 72 (1) #5 rh, 45 E g T 40 i
(colorectal cancer stem cell, CCSC) iffi i Wnt/g-catenin
5T W R TS A AT B IR SEE S Ak, TR R i A
4 (tumor initiating cells, TICs), #% XA 3 7 CRC 1)
FERS 5B AE B,

TE 4 i Wt {5 5 il i+, B-catenin 1 Jy A% 0 5% 5%
W R T, @l R s A =R A B (armadillo repeats)
o ) 3 5 1% % 56 1% Rl ¥ TCF4 (T-cell factor 4) 5%
LEF1 (lymphoid enhancer factor 1) ] sBD 45 ¥ 4% (8-
catenin binding domain, fBD) 1 H.1 JH 7 R % 5% 1
R EEY, Wiz E KR IE S CCSC Bk,
et CRCHIE K 58 . Ak, p-catenin/TCF4 #H H.
YEH © N CRC 7 FHRIa1 VG 7 1) B 2L AR 2 — 187,

H |, S 4R 3E i # [7) p-catenin/TCF4 A H.AE /)
a3 - F00 R R0 0 36 D7 v 3 B HE I I G 9% IR B S B
(enzyme-linked immunosorbent assay, ELISA) fifi i% 2 .
ATL 20 i 5% 't 31 il Ik 7 35k DR 7 a2 v RS 4 A = 1
fl 220 e VA AR LR vk . Horh, ELISA ik vk B4R
BRKFRPEARRL T p-catenin 5% L= K F TCF4 14
HAH EAE L, BB D IR, TRk 1 AR b W W B
A H. 2 e U, T 1% BOAS B, FER UK AT 40 i ¢
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i 7 1k © R T 7 % B T PKF115-584 ., PKF222-815,
PKF118-744, CGP049090. ZTMO000990. iCRT-3/5/14.
CWP232228. LF3. PNU-74654 % 4 [11] f-catenin/TCF4
FHEAE F /N 43 - 3000 77, 76 25 B e 7L e S JH- e
5 TR ) S U YR TT R R IS R 4 A S R e, (H
R R TE P 9 38 T A A R T A SR SRR i PR 7 12 S
A, AR R ] 7 G A DR R AE v 38 R 7 o v ) A A
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AT B 7R FH % e fm % (fluorescence polariza-
tion, FP) JR 3, H2 4 p-catenin/TCF4 # A FH i 45 Ky 2
YeAE B, B R R 28 6 & (fluorescence isothiocya-
nate, FITC) bric 1) TCF4 £ Jik (FITC-TCF4) 1E A% ¥
SR 7 TCFA IR s8], e 57 3 W 2 06 i HR
i 10 B U A AR AR R A VT S A B . D D ARR v 1 =
I AR TR (1 7 76 B 1) B-catenin/ TCF4 #H H.AF F i 38 7Y
Wt 1l 7 = Rtk 5 B AL R IR B .

MRS R

MRS F  E4 A p-catenin (138~781 aa) %
ik TR B B 5t 1 12 27 B 24 0 9 14 45 VP ANY B 9 BT X B
AR R R A bR 4> T & (Transgen 2 /);
AR BRI B R Ry (Oxide A A]); RIRE R ARA
FEBRAC K FLBE LR (isopropyl p-D-thiogalactoside, IPTG)
(Sigma 22 ®]); HisTrap™ 2 #r # (GE 2 #]); — ¢ 7] 7*
% (bicinchoninic acid, BCA) & [ Ji i & il 5 i 7 &2
(Thermo A &]); 2f1fLiE 1L 1 (bull serum albumin, BSA)
AR i 44 ¥ (horseradish peroxidase, HRP) Fric.
B2 50 KRR 1gG (Biosharp 22 &); MaxiLumin™ k2 %
JGUR (Tanon 2~ #]); PUFFFE IR 2 (3,3',5,5'-tetramethyl-
benzidine, TMB) ¥ ¥i% (TianGen 2 &]); 384 Lt A1l il
FrAR (Corning A w]); 5 fiit & IR % J6 & (fluorescence
isothiocyanate, FITC) #5 ic i) TCF4 £ Jik % J¢ £ 4
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(FITC-TCF4: FITC-GGDDLGANDELISFKDEGEQEEK-
OH) #l TCF4 % Jik (TCF4: GGDDLGANDELISFKDE
GEQEEK-OH) H China Peptides 24 &) & B, KR4
& EE (ChemDiv A &]); MRS . LA &
1 S720 (TargetMol A w]); KR #T A p-catenin £ 52 fE it
B H Bk 72 B (glutathione S-transferase, GST) Al
GST-LEF1 SBD (1~76 aa) H it/ & B 25 i ik 5
TN IF 75 BT 0 98 1 042 1% A 4 1) 46 RO A7 o fh A4k
il ES e g L N i

B MERGH A (LEmELCREARA
H)); A R EAL (SCIENTZ 2 w1); e 3 v 15
> L (Eppendorf 24 #@); AKTA Pure Z #r & 4t (GE A
]); B A kS A (Bio-Rad /A &); B %
R4 (Clinx A #]); 2 DIReBFAR X (BioTek A ).

EiH A p-catenin[FRRFIEE T BANL WHSH
SRR IA ) 5 v 04T 41N p-catenin JF % R 1A 5 43
BAiA . R, B TR B DL RSP AR R Bk AT RO
B8 ML Pk R BB P4 2 Rl T LB AR B 9% 3 (4 50 pg-mL?
£ %), LL0.2 mmol-L! IPTG, 25 °Ci%5 5 10 h, &
o USCER B AR o R AR DR 7R BV R S, b VR DA
HisTrap™ 5% Fll b 4 25 4tk . 4li1k i) & 24 A p-catenin
A Western blot 5256 #F 4T 45 58 , W 45 A& BT )5, 73 LA
BCAVLEE.

B A p-catenin EPFEMLEE RS HE L
MR AT IR 1¥] ELISA J7 75347 B 4H N B-catenin A= 4 2% & 1%
Y%5E0, P4, K GST 5 GST-LEF1 4 BD (10 pg-mL™?)
4% 96 FLEE AR, 4L 100 pL, 4 °Cit . R H, BEbr
R4 10% BSAH I 2 h 5, & LKA 0.1.2.3. 4,
5.6.7.8.9.10 pg-mL* p-catenin, %FfL 100 pL, £ 40
WHEIMES, FEMELh, KM KRBT -
catenin £ @ & Hi 4K (1:10 000) F1 HRP- £ 4 K B 19G
(1:4000) J&, TMB & 2 5, 2 Th REBE AR ORI A,
{H.

KIERETFITC-TCRFARERMKENRAE K
2 mmol-L* FITC-TCF4 DA% ek ) B2 (50 mmol-L*
Tris<10 mmol-L* NaCl.1 mmol-L* EDTA pH 8.0) %%
&AW E 4y %) 5,10 20,30, 40,50, 60. 7080 90.
100 nmol- L%, 4K in N F1) 384 LR A, 454160 pL, &4
WEIHE A, FiREE 15 min, L2 Th AL BE bR ORI
mP g (millipolarization units, mP).

p-Catenin/FITC-TCF4 &£ &2 E ML %
40 nmol-L* FITC-TCF4 it \ % 384 FLAR ', %541 30 pL,
AR Ym0+ 10 50+ 100+ 200+ 300 400+ 500 600.
700.800.900.1 000 nmol-L* g-catenin, &L 30 pL,
M EIHE S, =HEME 15.30 min f11.2.3.4.5 1

6 h, LLZ DhRe B ks il mP {H .

[F35, ¥ bR 45 & N 73 AIAE 4.25.37 °CiF &
15 min, F LA £ ) fig B b5 AR mP {A . L GraphPad
Prism5.0 4 1 0 & 45 & ih £, i1 & B-catenin/FITC-
TCF4 45 & [ 87 (1) fif 25 ¥ 11 i % (dissociation constant)
K (AT AmP {8 .

p-Catenin RERBIREMHE + 2 mmol-L*
TCF4 % Jik A 200 nmol-L* g-catenin 347 2 £ {5 Eb i B¢
(EURUEFE 20 pmol- LY, FLA R 10 MR FEBE ) J5, A
F)384 FLAR 1, HFL30 uL, BAH K E IHE L, =EK
H 45 min, 44 40 nmol-L* FITC-TCF4 {K /K im X\,
FL 30 pL, F iR & 15 min, £ D REEEFR ORI mP 14 .
A GraphPad Prism5.0 % {1 4, & TCF4 2 Jik #0 fi] ith 2%,
T M )9 2 (half maximal inhibitory concentra-
tion, 1Cy,) {E 1 AmP{E . 43 %l LA 400 £1 800 nmol-L™*
p-catenin [7] % # B TCF4 £ ik, it & IC,, 16 F1 AmP
o ASLE o5 E 5 2% DMSO FLoN B X IE 5L, H
%20 nmol-L FITC-TCF4 4L N BH X} & £L

DMSOT 2 Skl 7E25%) mnl & ik o, DMSO
2 4 AT B A WL R, R TR T S 58 A 2R 0
DMSO ¥ 52 F2 % . ¥4 40 nmol-L* FITC-TCF4 il A
) 384 FLAL 1, 4 4L 30 pL, F# 0.10.50.100. 200
300. 400. 500. 600. 700. 800+ 900 1 000 nmol-L* g-
catenin K M £ 384 fLAR H, B L 30 pL. RPIEFR
Hi £ DMSO 29K 5 43 5l 24 04 2% 4% 6%+ 8%- 10%
20%, FR2H I E 3HE AL, =R F 15 min, L2 Dy el
FRACKE I mP 18 . ] GraphPad Prism5.0 {2 48 & 45 &
it 2%, 7+ 5 -catenin/FITC-TCF4 &5 & < J3 7 4 DMSO
TP (1) K fE AT AmPA{E

Z’AFREMFERARSHANE K 40 nmol-L*
FITC-TCF4 #1200 nmol-L* g-catenin il A\ %] 384 FL %
H, AL DN 30 L, oAt AR 14 ~50%FL I Bk &R
2% DMSO, B #i 1#~50*FL J B A& & 7 4% 10 pmol-L*
TCF4 £ Jik, =IEW F 15 min, LLZ D REREAR SO I mP
fH. ¥ AR 1P ~50% Ly B P4 0] B 5L, B #i 1 ~507 4L
R BH P R AL, 3% BioTek 38 5 48 M AH < f 7 47
Z’R it s,

J3 A, R A i 18 A5 R [ AE 5 A LU B (signal to
background, S/B). 15 5 % (signal window, SW). 15 % [k
(signal to noise, S/IN) Fl{5 5 A8 JiE 48 53 R %X (coefficient
of variation of signal/background, CV) #4711 573 #7

BRUEYHNEBEEIFE RA“MEDE
(%15 000 £ 4%) LL DMSO #i B 22 ik &£ 79 1.0 mg-mL 2
RNIRFJEE . 5, ¥ 200 nmol-L* g-catenin il A\ 31 384 5L
MR, AL 29 pL, BRI N T4 &9, B5L 1 uL,
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IR E 45 min.  FF 40 nmol-Lt FITC-TCF4 A\
384 FLAR A, B 4L 30 pL, IRk SE0E F 15 min, £ I
A bR AR I mP &, THEN S AR E R . B
PG HEFLAN PEPEXT IR AL S o BRTiR . kLA
W (hit) W1 RIARAE: 0] 2>50% K/ FAL &4

BEUEMIC,EME K 10 mmol-L* i AR 5%
(sanguinarine, SAN). [ & 32 ZL & (chelerythrine, CHE)
AL 44 S720 LA 200 nmol-L* g-catenin i 1T 2 £i5 5 Lk
P B (2 4R VR B 100 pmol- LY, L% Bk 12 ANV B KA FE),
TINF 384 FLAR HH, FEFL 30 L, AL R E 3HEIL, =
5L E 45 min. ¥ 40 nmol-Lt FITC-TCF4 K XA
3384 FLIR , AL 30 L, 4k S E 15 min, £ 1)
Al bR AR I mP {2 . LA GraphPad Prism5.0 ¢ {140 &5 1
AL A VI 2R, T 5 IC,1E .

WIBLIES 54 K H GraphPad Prism5.0 % /4
L4 p-catenin/FITC-TCF4 45 £ s 5 il 28 A1 Hit 31011 i
28, oy BT S K B AN 1C 18, o Hit | 2 71 5 A 5
R Bk

Hit #1612 (%) =

MP ypgm ~ MP

x 100%

Poperrr ~ MP o

ER
1 FHAp-catenin ERRIE N BEAELEEEHEE
TREEEEFRIG, WA LS L, HisTrap™
SRMENHE B A, % Sl et RER,
S THEBEES THRETTKDABEEYEREARE
Ak, BIEWTT S A REHNEAR, RPEHA -
catenin 7E X FF IR H LA A AT T ARk . Ak it B4
N B-catenin {7 B — £ [ 51 2%, 10 B RO BLm R 4l
(11A). Western blot SE46 25 3 W], £E4) 1 il & 77 kD
P ERRAA R —RAR . BE%E EH A p-catenin 7
G IN, HE A B WG, E Sk T AN B-

catenin [¥) 1E # % i5 (& 1B). GST-LEF1 BD /1§
ELISA SZ8e 55 R K W, H4H A p-catenin G 5 GST-LEF1
BBD KRAR I 4 G L, 45 BB R IR
FRIRFE R (B 1C). Lihsei st R, mohik
17 7 E N p-catenin R i%RIA 5 o B Alifh, Alifh ) s 4
N p-catenin A RUF AV #IEE . 240 EAH N B-
catenin 9K 45 BT BCA € &5, Wk N 1.5 mg-mLL.
2 RIIRETFITC-TCFARERFIREHHE

P [FR B I FITC-TCF4 B T 384 FLA Y, LA T
BE B AR OO mP {8 . SE56 45 B K W], M 100 nmol-L*
FE4h, N E B FITC-TCF4 78 52 36 44 2 vF () mP {4
FEAAR R — 5, #£ 5~50 nmol- LR FEI, mP {8 3 5h B
/N, FEARORIFLE 25~30 2 [8], BA XK H A mP
B (E12). 7T IREFSEIGIR R 1 R IF RSB A
JEAH, 1% H) FITC-TCF4 f5 £ e S & 24 20 nmol L.

Figure 2 Determination of the optimal working concentration of
FITC-TCF4 in FP screening assay. FITC: Fluorescence isothiocya-
nate; TCF4: T-cell factor 4; FP: Fluorescence polarization

3 p-Catenin/FITC-TCF4454& R N EFEE M

SR FH VLRl 23, W5 A [ 91 7 i) A e B Tk S
%1 T p-catenin/FITC-TCF4 &5 4 [ M. 1] K, {8 A1 AmP
. ROGMmIRLI S R LXMW, iR E 15,30 min Al

Figure 1 Bacterial expression, purification, and identification of recombinant human f-catenin. A: Bacterial expression and purification of

recombinant human p-catenin. M: Marker; 1: Total cell proteins; 2: Supernatant; 3: Pellet; 4-6: Purified g-catenin band. B: Identification of

recombinant human f-catenin using Western blot assay. M: Marker; 1: 0.5 pg S-catenin band; 2: 1 ug p-catenin band; 3: 2 pug f-catenin band.

C: Bioactivity analysis of purified f-catenin binding to GST-LEF1 BD using enzyme-linked immunosorbent assay (ELISA). GST: Glutathione

S-transferase; LEF1 SBD: Lymphoid enhancer factor 1 f-catenin binding domain
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Figure 3  The stability analysis of g-catenin/FITC-TCF4 complex. A: Saturation binding curves at 15 min, 30 min, 1 h, 2 h, 3 h, 4 h, 5 h,

and 6 h; B: Saturation binding curves at 4, 25, and 37 °C

1.2.3.4.5816 hirf, 45 & SN Ky 8 AT AmP {2 A fR
FefaE (BI3A R L), =R E 15 minit, £54 B
ATk BT, K18 20 4(68.11 + 4.08) nmol-Lt, AmP 1
21 4(185.87 + 3.44) (£ 1). B4, 45& RN A1E 4,25,
37 °CHiF & 15 min B}, 454 ) B K, {5 F1 AmP {5 2 2
AR E, K ME 29 4(62.76 + 3.27) nmol-LL, AmP {&
218 (184.66 + 4.92) (KI3B. % 2). ik szt 45 % 1,
p-catenin/FITC-TCF4 45 & [ b B AT R AT RS 5E P

Table 1 K, and AmP values at different incubation durations. K:

Dissociation constant; AmP: Dynamic range of millipolarization
units

Stability Time duration
indices  15min 30min 1h 2h 3h 4h 5h 6h
Kg/nmol-L* 70.24 71.01 68.05 67.73 68.81 65.51 63.76 63.57
AmP 181 186 183 182 191 190 188 186

Table 2 K, and AmP values at different incubation temperatures

S Temperature/°C
Stability indices
4 25 37
Ky/nmol-L* 58.74 66.74 62.81
AmP 184 179 191

4  p-Catenin s 1E R FKEHITAE
FEDO G MR L 50, @ H N A S 5 IS A4 2
FI A B 28 /D O K B 1) 1.5 % 7 R i 2 i 18 12 0 1% 75
SREBL, Sy T iE B-catenin fx £E SN E, 43 0 R H
1.5.3.6 % K {&, B 100.200.400 nmol-L* g-catenin 5
20 nmol-L* FITC-TCF4 s 8 % 37 % s % S5 B A4 &%
I 12 5 S 44 22 K6 I TCF4 22 ik 10 55 4 0 ) 1 1
THE IC, [H A AmP A . 5256 45 K B, [ B-catenin
W IE RGN, TCF4 £ iK1 IC, [H B i Tt iy o 1.5 1% K,
{8, B 100 nmol-L* p-catenin Jz N4k & /1, TCF4 % ik &
A EALII 1Cs {H, AmP {E Fa i€ 7 165 7 47, AW
G5 (B 4.383). AAh, AL T pr AL
DGR LIS A R A RAFIRE R N T RIESEE

& 2 0 v R A KIS 5 &, 4 p-catenin x4
S N A 100 nmol <Lt

Figure 4 The inhibitory curves of TCF4 peptide in the competi-
tive FP assay

Table 3 1C,, and AmP values of TCF4 peptide in the competitive
FP assay. I1C,: Half maximal inhibitory concentration

p-Catenin concentration/nmol-L*

Inhibitory indices

100 200 400
ICqy/umol-L* 0.36 0.75 247
AmP 165 185 190

5 SLIG{RZRXT DMSO B =14

i i 4> #t DMSO X} g-catenin/FITC-TCF4 45 &
o7 A 26 K (B AT AmP B 82, 4 17 5% O f 41k S 56
& 2 % DMSO [#1iif % 7 . 24 DMSO & & #£ 0~20%
B, AT il 28 1) K BN (64.66 + 0.68) nmol-L, AmP {&
N (183.92 + 4.12), AN/ (K15, %K 4). iR SER4h
H R, 24 DMSO i £ 75 20% LA A I, H X} p-catenin/
FITC-TCF4 45 & Jx B % A o & 52 W, S50 8 2 %
DMSO B A R & i 52 1%
6 ZEFREMFERARSHANE

Z'[R -2 VP A 24 ) vl R O O AR R AR ME A L
S4B ERE A B AT B, AR IR A Z R T
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Figure 5 DMSO tolerance analysis in FP-based high-throughput
screening (HTS) assay

Table 4 K, and AmP values in DMSO tolerance analysis

Stability DMSO concentration/%
indices 0 2 4 6 8 10 20
Kg/nmol-L* 6591 66.23 68.05 6559 6590 64.42 59.32
AmP 187 183 184 178 186 185 181

0.88, Wi & EEETIE D 2K T KT 05 I AR TR
(1 6). A4k, ARGk #5577 S/BLSW.SIN F CV 2 5 %
58 4 2 e T I Y S AR BR (R 5).

Figure 6 Determination of Z' factor in FP-based HTS assay

Table 5 General indicators in FP-based HTS assay. S/B: Signal
to background; S/N: Signal to noise; SW: Signal window; CV:
Coefficient of variation of signal/background

Indicator Requirement of HTS Result of FP
S/B >3 7.65
SIN >10 15.41
SW Not determined 160.09
CV/% <10 2.18
z' >0.5 0.88

7 B EYNFES A

MR B A B ST 5 O e A e I8 R I A X
A ZERIRTIACE WD AT T @ BRI, D ik
Z M ARTE (SAN). A i 322078, (CHE) ik &%) S720 &
B R E v, FLIC,E 2 Ao (122 £ 008)
(2.58 + 0.25).(18.67 + 1.08) umol-L* (7).

g
Wnt/B-catenin {5 5 i i /2 8 425 iR 20 B B S
SR OGRS S R, SR AR VR VRS RO 24
IR fEIEE 40, i B-catenin il it iz &
& 42 B AR, IR B AN A7 E Wnt/B-catenin {5 5l i . H
T B SR 2 B A, iR P B AR Y B-catenin K & EE N 41 i
% 5 1% SRR R T TCR4 3% LEFLAH B4R H, T2 iit%
IR T 2 AW, WA Wnt/g-catenin {5 5 B 28, 5
2 Ji g HE DR K R IA 187, BT LA, 7] p-catenin A5 (1)
¥ e 5% i 4% (B-catenin responsive transcription, CRT),
JuHL /2 p-catenin/ TCFA AH ELAF F, 237 A i ik £ 1 Wit
AT ) BB SR 2 —
re i P I B-catenin il £ 4 9% 't i 3 ey 188 5 i UG A5
RS E IR . AT FUR F R AT R A% R A
A, BIHEAT T BN p-catenin R E ik B4k 5
TEPESE o T R B R IA 1 EL AN p-catenin fili &
A His br%s, Wt B 42 R H HisTrap™ 55 F1JZ #T kE 25 1T
— Bk Eaifl . GST-LEF1 BD 4+ 5 ff) ELISA SZ56:

Figure 7 Three hits were validated in FP-based HTS assay. A: The chemical structure of sanguinarine (SAN); B: The chemical structure of

chelerythrine (CHE); C: The chemical structure of compound S720; D: The inhibitory curves of three hits in FP screening assay
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