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Identification of a novel MDMZ2-p53 interaction inhibitor using virtual
screening and docking strategy

TU Xiao, LI Lei, ZHANG Hai-Bo, LIU Yang , XIAO Zhi-Xiong , ZHANG Yu-Jun, CAO Yang
(Center of Growth, Metabolism and Aging, Collage of Life Sciences, Sichuan University, Chengdu 610065, China)

Abstract; In this study we employed a docking approach based on virtual screening to search for inhibi-
tors that can bind to MDM2 and block MDM2-p53 interaction. Candidate compounds were obtained from
SPECS library. We processed two rounds of molecular docking. Putative compounds were selected based
on binding score ranking and 3D structure inspection. Furthermore, the selected small molecules were
validated by cell-based experiments. Treatment of several cancer cells with M12 led to activating p53,
and upregulation of p21, leading to cell cycle arrest and apoptosis. To this end, we discovered a novel
small molecule named M12 that is structurally different from the known MDM2 antagonists, M12 may
be a novel small compound and a potentially useful drug candidate for cancer treatment.
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#.R1210-1), MDM2 (Santa Cruz Biotechnology,
cat. # sc-813).
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2004).
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Fig. 1 Virtual screen model
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Fig. 2 MI12 molecular structure and docking diagram
A. Virtual docking diagram(M12 molecular and MDM2 protein) ; B. M12 molecular compound structure; C. M12

and nutlin-3a dock with MDM2 protein
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Fig. 3 MI2 can activate p53 signal pathway

A. A549 cells were treated with 15 » mol/L M12 for 24 h, nutlin-3a was used as a positive control, and the blank con-
trol (DMSO) was added, and cells were collected for Western Blotting; B. MCF-7 cells were treated with 15 ; mol/L
M12 for 24 h, nutlin-3a was used as a positive control, and the blank control (DMSQO) was added, and cells were col-
lected for Western Blotting; C. U-2 OS cells were treated with 15 ;2 mol/L M12 for 24 h, and the blank control (DM-
SO) was added, and cells were collected for Western Blotting; D. HCT116 and HCT116 (p53~/~) cells were treated
with 20 p mol/L M12 for 24 h, and the blank control (DMSO) was added, and cells were collected for Western Blot-
ting
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Fig. 4 M12 inhibits cell cycle and induce cell apoptosis.
A. HCT116 cells were treated with 15 ;x mol/L M12 for 48 h, nutlin-3a was used as a positive control, and the blank con-
trol (DMSO) was added, and cells were collected for FACS; B. A549 cells were treated with 15 ; mol/L M12 for 48 h,
nutlin-3a was used as a positive control, and the blank control (DMSO) was added, and cells were collected for FACS; C.
MCF-7 cells were treated with 15 y mol/L. M12 for 48 h, nutlin-3a was used as a positive control, and the blank control

(DMSO) was added, and cells were collected for FACS,
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Fig. 5 MI12 inhibits tumor cell proliferation.
A549, Hela, U-2 OS, SJSA-1 1 H1299 were added with
the M12 of 0, 2.5, 5, 10, 20, 40, and 80 p mol/L for 4
days, and the nutlin-3a of 0, 2.5, 5, 10, 20, 40 yx mol/L as
positive control, and then the MTS experiment. The cell
growth curve was plotted from 5 independent experiments.

&2 M2 ESFEEAEMRE 1C (1 mol/L)

Cell lines Nutlin-3a Mi2
U-2 OS 15 25~30
A549 2 30
SJSA-1 1~2 80
Hela 30 60
H1299 30 >80

FATIRHE MDM2 25 [ iR Z5t gt r 17— &%
LT BE G A - N SPECS 43 v Fi| F HE #0007 156 12
ARIFH) T M12 /NoyF-, 76 Z2 B iz 20 e rp 52 36 0F
B M12 /Ny SCRERE SIS po3 KL R (R

g M12 /Ny FRES S HCT116 F1 A549 41
JLFE A BE A e G {HU2 #E MCF-7 4 fig o p53
AR EMMIET. M12 33t p53 S X P
FRASIR] 8 A= 2= 052 7T e -5 4 B )9 MIDML2 1194 D
Hak FRak A G, A SCHERARGE  ZE AR MDM2
1 o 55 e $0 ) R 7 Rb 2R (A 454 51 I LT R
SRR 20 A JE 0 A A 0, MDM2 fT Rb 7 8 £
24 e SO 400 ) S A O T e R i Y A (1
FERZ % p53" Rb ™ (1) Jih 988 4t Jifd v, BH Iy MDM2-
p53 {5 53l B TS p53 B, 2315 % hypo-pRb & H
R M R R S A T AR % MDM2 54
D1E MDM2 3o 3 35 1 b 76 40 A b, S0 pSs3 Bt
22 N1 hypo-pRb &8 1, M1 20 M & A= 7=, 24
ik MDM2 s i Rk BA PR Rb 5848 1
(RbAp34) i}, REASAR L A HI il p53 1753 1 241 M o4
T2 BT RAAN [R) i Je A0 e M2 1) RN A T AS
7] o TCE S JET I I ) 3 2 Al B AT T ik S 45 AR IR
¢ M12 BH W 7 MDM2-p53 15 5 38 % M1 3807
p53 . H il e 2 A A= A

AR nutlin-3a S5EH144 245 41 & 140 il 570 53
FAAE, M12 B98P s f — o 22100, (H 2 M12 f
SE AR 5+ 4518 . 5E 1% BH It MDM2-p53 {5 5
T B, T bR A B Y A A, g it — 2P oy T A
WU 7. M2 G5 W BEAZ R W T TR, BEA Y =
AT ESE T AR MR (K 6A) , 1l 5 MDM2-p53
ghiG N4 =AM A4S BIAHEAE T, 1 Nutlin-
3a 43 (AR AR M Ik s b, G O A Ty 1) | 3%
$ 7 RN A 7 A B AE (B 6B) , Hirpr =4~y ]
PIVERS M12 25481, 530 —AJ7 il 5 H4Sh 41
BiKFREEAM EAE . T M12 #9988  nutlin-3a
K52 5] MDM2-p53 254 HAS K/ B i HAN i
B 1 FL A AS 0 nutlin-3a 45 #49 & 24, B LT BB
MDM2-p53 45 & 148 i 25 8] B AMNASE , S 8006 v
55F nutlin-3a. Z5REXT M12 (1) 3% 43 L IRk — 48
&4, S 58 M12 5 MDM2 A B A 51 9 25 Bt
A B T T R TE k.

M12 43 LA U5 T A B A% AT — 2 I L35, AR
ZMEH IR F BRI ILURIR 5 3 2
AR A VRP U R RN B A, HA PR T.
YAV R L RO N R A 3 D A
RGN BT 4 AT e ELA B i 25 AR B
FIF R T, AP — 2% M12 #1704k, Dhde
Fe I S A I L 1) 25 O R AR M S5



%24

wk.

—#b# 49 MDM2-p53 45 5 18 -3 4] 7] 4 £ I 5 375

Clyss

B 6 MI12 #= Nutlin-3a &9 % #3531t
o P B i 3R e I 1 B R AU AL RS R FUR T S RS R EUR T A TAMIN B AL
B3R MDM2 |- A T AR FHAR AL . 41 5l 26 327 Jt - 1 4 A5 .
Fig. 6 Molecular comparison between M12 and nutlin-3a
The black, blue, red and green circle dots indicate C, N, O, Cl atoms. The half circles illustrate theinteractions
between the compound and residues of MDM2.
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