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Abstract

p53 can induce cell apoptosis and inhibit tumor occurrence and development. MDM2 is the most
important negative regulator of p53, which can induce the ubiquity nation and degradation of p53,
and inhibit its function. Therefore, designing small molecular inhibitors against p53-MDM2 is a
promising strategy for the development of novel antitumor drugs. Quino line and its derivatives
are important sources of small molecular drugs with potential antitumor activities. In this work,
using the p53-MDM2 as the target, we performed virtual screening on the quino line compound li-
brary based on pharmacophore modeling and molecular docking, and finally obtained Compound
6 and Compound 9 which have potential antitumor activities against p53-MDM2.This work pro-
vides a screening method for the discovery of targeted antitumor drugs, and lays the foundation
for further development of small molecular inhibitors against p53-MDM2.
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1. 5|8

p53 HE A AR AL K] TPS3 Yl ek A1, mlid i s 2N MU IR R R A, Seal g i T
20 Mo JE BAfS A . DNA B EThRE, A0 s & 42 & & [1]. MDM2 % [ (Murine Double Minute 2)/&
p53 WIS 1, A B3 2 3EE I, RefEit p53 Mz 24, 8 p53 Bk i (A Mg AUl IF BEA# 2]
WA BA KT pS3 5 MDM2 (8] A FAE L, RS & pS3 B A AR E I, {3 pS3 15 LAFRRE R4 H A DBt
X2 H AT MR AR MR T RS 2 — (2] [3]. fEIX—IRES RS b, BTN L O R A DB
p53-MDM2 /N7 2454, FerhE o 25 S E NI RS I B, Bilan, RG7112 gitje —Fhae A 2aiii ps3
5 MDM2 &6 /N FAER3], REMEANRRRIK p53-MDM2 #ifil5z —, HO5EM 745 %
TR R E SR AL T IR RAE 7L (NCT00623870, NCT00559533, NCT01164033). H i itk Al AR 56 1)
p53-MDM2 /N3 T FIE A AMG232. RG7388. APG115. HDM201 %54, 1ERN p53-MDM2 iX —#f
RO T MR VR T B RO, i DA/ B AR I PR A SR AAE A W . SRTT, BARERAE D
RIA D ae ] pS3-MDM2 [F/N7rF- 254, eI I R IG Ik I 25> (4] [5], B a0 & oA %4
V) b, SBYITEETF RN TR A 2

WE B AL B iz i 5 ) v 2 W R B S MR RS [T (1) /N T B, (E BVAR AR TIZARAE, fEDUMIRE 2
WIFT R T7 T HA AR K J1[6] [7] [8] (9]0 A RIREGE & B ERRSE /N7y 135 O il B AT 3 i e
YEAT, WA BRSO Amnbl W lE B0 AR BN /NEERRSESE[10]-[15]. @, A7 BN I, £
FAORBEHE ] EGFR $0 0 21 i S & i PR A B )3 5, 5 SR gi i s, B NS S EGFR
7531 JAK/STAT 15 5@ A K[10] [16]. FH4b, OF 2 TiRkE, kRS bUuELS ] g5 7%
S PR TR AR T ) i AR ORI R AR BT R A OR[17]-[21]. DRI, RSN TS
YIAE I IR r e 250 B AT B A R S T 5

EAR AT L2 A I HEE A p53-MDM2 FERCE /N 1254, B ARSI R A fU R it B
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)79 (HE, PRSPSIRIRE AR BUR, BRI BRABIR . R SN B 25 Bt
Wi, ARENE PR SEIR A . FSERT A A . SEm g AR, BATX GO S B R L 3RS =
I PRI 25 IR B B B (22] (23] AN FUAUCR FH 0 1 i B 24 R0 1A B o 1 R I R AU 4 7 ik, X #E )
p53-MDM2 [JRERKEESE /N 3T 3 AT L0 A, IR/ TGS MDM2 25 67730, Fe& ik
i REFN ] p5S3-MDM2 [T R e S S AL G, it — DT TR S/ 737 S WD RO R 7 1 B2 i

2. 53
2.1. N FEMERER

AL S HAT 1 82 MM S L HATEWIN 2 T 45 LL mol2 K 3UfRAF, 1217 SYBYL2.0 X
TSN EMERDN D TEY, FXMEEWET LTS Jn eS8, R B /14t LA
PDBQT # A RA7, SER/Nr TG PE R

22. EHRESHES

1t PDB %47 £ (ProteinDataBank) - % 45 73 #F 26 4 151 1) MDM2 & 1 i3 sn AR 4544, 3N SYBYL2.0 # A,
BRI 4> AR, AN RikIE, FHATIA. AT AR, R TR A ML,
SEXTHEREIES, A, PR T B ALy PDBQT W& R IHRAE, BEJE 5 kg M i/ 73 Tl ik
HBEAT R A A8 SORH2 LA e & F 1 R 0L 977 446 1) B A MDML2 2 1 4544

2.3. BT HYEAREI S F2HER EAUFE

BT FUREST T PR 23T S (1] 1), Seidb A7k T2 R B AL i b Ak, PR HEAT R T T
SRR IS IRTE , DUIRGE R Rk e G, B 5E, FET MDM2 5 p53 KB (18 1 s 34 45 1
Je MDM2 5 7 Ff{ER /N3 AR R R R ) TR — ATl SR K 24 R R o 28 P 1 AT 245 2 4
ik, BEMAFE RN EY . BT AR R EZED THT T 20 T Rt e e,
DAL AT AR FH SEAERS « AR A A 73 TR R IRAT SRR I BC R 5 S8 . SRS, SR Autodock AT i
WAL G Y5 MDM2 BEATREANNH2, JA9/ V15 MDM2 17 10 MSEMS, mUna iR 7] & RMSD
E VAl B S A GO AT AT AL AT

Virtual Library
82 compounds
|

Generation of 3D structures PDB files of
of small compounds MDM2 and small ligands

Pharmacophore-based < Pharmacophore  : | Cross-docking :
| Screening i hypothesis ;i MDM2 structure selection ;

Binding modes analysis

Lead compound candidates

Figure 1. An integrated computational screening strategy for the small molecular lead compounds targeting
the p53-MDM2 interaction
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3. ER51e
3.1. MDM2 EHREHIR0IEEE

7t PDB i 2 4 T 7 Mo PR E(<2.3 A MDM2 5/ FRUARISEEE B A4, KR
N TFEARSEA S, JETYIE A O, IR SRS GWE AT L (R 1) SR ER,
TEARE TR R E SIS 5=, PDB 454 31ZK W& ARG R se R BB £, 719 RMSD
HEAR, SN FREARSE SIS T ERAE. WE 2 B, @=CPAT 02, 7 W Dockingmode 1 Al
Dockingmode 2 (/N> FRCARTINA 5 R BCAA T F— 8. Bk, EARBCRELE TAET YRS N
3JZK ] MDM2 Sk &kt .

Table 1. Cocryst allized structures of MDM2 and its ligands and the average cross-docking RMSD values
1. MDM2 S E/NG FRF Y I EE R K 3 X X #H) 715 RMSD &

PDB code Resolution Number formmula Average RMSD
3LBL 1.6 1 CyoH35CLFN,O5 3.16
3TU1 1.6 2 Cyp3H, CIF;N;04 3.50
4ERE 1.8 3 Cy7H;3,C1LNO; 4.19
4D1J 1.9 4 C;1H,9CIoN50, 2.87
4ERF 2.0 5 CysHpoCILNO, 3.05
3JZK 2.1 6 CyH6Br,N4O 2.17
3LBK 2.3 7 CysH17,C1LbN;0, 3.86

e
L1 ‘ . R ¢>' =
1 e \
NS |
\ (] auzk ligahd

k D Docking Ma:‘e 1 (Affinity=9.4 kcal/mol)
D/Docking Mode 2 (Affinity=9.4 kcal/mol)
\\\ ,:I Docking Mode 3 (Affinity=7.1 kcal/mol)

Figure 2. Superimposed binding modes of a ligand docked to MDM2 (PDB code: 3JZK).
B 2. N FEAITIE MDM2 BI4E S 18N E S E(PDB code: 3JZK)

3.2. EHRB RGNS T RGYEAEEAE

245 200 A R 7 0 R 8 ) ) 975 2 7O P F) T SR B R AL R RO o i T 25 R AT K i e Ty
IRAE PO IRAL 1), (AR X S (R VLR EE R A AL o 6T S5 M i 2 7 ik R g 1 B/ 70 TG
5 8 A B A RIZRAT, ARERRAETH R B IRA BRIV O T T fE & T 80 45 &M R BN A HE[24] [25]
[26]. 9 T FRAMAMMINERIIS, TARGREA L, ABIFCRM T —Fgia sk D 5%, Xt
MDM2 5 CLEI /N33 4 S AR AT o b, AR 70 4 R A A 24 R AR, s A P T i
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HAFE I IN TAED: SR)5, BB T 25 1T IE ¥ /N 7 T & st 23 MDM2 1) p53 454 4R,
HARYE SR AN T IR IR AT HEY o« BT 24 3% i i B KR FE PR/ N e TG B 3R, Ja et il LR
FH S RE AU B 7, 19 21 S vBE A 11 2 1 o AN AR 1) 45 A

Xf MDM2 5 H /NGy 740 L 45 dn a5 0 AR B, B 7 B2 AN A) MDM2 /) J3 301 71035 e
U MR, pS3 5 MDM2 ) “ 45 &3 7REE, B ps3 B =ik a2 Phel9. Trp23. Leu26 (K 3A). X
CHVN FRAAEATEM B S SRR, ATl DA/ FIHIFI5 RS BLE ps3 =AML AT
FASHHEAER, HEANEKAZ D2 BRI 5 8: 5.6 £ 1.0A (Phel9-Trp23). 5.1+ 1.2A (Phel9-Leu26).
7.2+ 1.5A (Trp23-Leu26) (4] 3B). #R¥E 7 AN/ FRAR R 458 L H 5 MDM2 A EAE R, FFR—
i8] B PR 24 2 R R (1] 40 2R R 4 B H HLH3H, (H ¥ Hydrophobic), A Hy F H, 25 8] 3 A i
Iy, T Hs 55 Hy PR B 8O (<4A), Hyv How Ha-H, 20 5% R T MDM2 () = ANk 45 &0 4%

Figure 3. Analyses of thecocry stallized structures of MDM2 and its small ligands. (A) Superimposition of MDM2 ligands;
(B) Relative locations of the three hydrophobic binding subpockets of MDM2

3.MDM2 5 H/NG FELAHLERNER T (A) MDM2 S5/h o FERIFHIHERLWBAE; (B) MDM2 BI=1
Bk RELEE T ORMEN L ERE

Figure 4. Pharmacophore hypothesis and characteristics for the virtual screening of this work
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3.3. ETHYEA RS Fr N ERLIFE

RO TRIE SR BT 2 A R R, W EYIETRSRE] T 9 NREE N R RN A
Y& S). BB ESITERER, 9 NN FACEDS 258 HHHH & LR 6A). B T2 T
P25 3 B RL B = B 1 BRI A5 A B A0 A5 8, DRI —#& 0 aze 1 77 ¥k SR FH 25 10— o 1) R UL 12 o
BRI R A Autodock /N FALE X HEEE] MDM2 EK A4S, DO BRI A A RS A
p53-MDM2 /73§24 Nutlin3a [27 NBITER I 22X 5, BEASN T332 10 NMEEHIR, FHRYE Affinity
B % RMSD HRHTEREVFN T4, ST AN+ 5 MDM2 (LA FE(K 2). 455 7R, Compound
6 1 Compound 9 ] Affinity 4351 4—9. 1kcal/mol 2—9.8kcal/mol, T BH 4%} 8 Nutlin3a Jy—8.3kcal/mol; [KiH,
Compound 6 1 Compound 9 FIZEF J73448 T Nutlin3a. £55 15304145 R 557K, Compound 6 #1 Compound
9 ¥t 5 MDM2 [ =454 E D ARAH BLAR R (G 2 [ 8] 6B).
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F
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Figure 5. Structures of the nine small compound candidates

B 5. A MRENSFHEYD FEH

NH OH

A B Hydrophilic Hydrophobic

Figure 6. Superimposition of the structures of small compound candidates.(A) Superimposition of the
nine small molecule compound candidates after the first screening; (B) Superimposition of the two small
molecular compounds docked to the MDM2 hydrophobic pocket after the second screening

B 6. Rk NDFUEMEHBEE. (A) B—RHEESINAMRENTFHEYMBSE;B) F
“RFESBHRN NS FHEYIXIE MDM2 FKORHNES
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Table 2. Affinity and RMSD values from the optimal binding mode of the small molecule candidate compound sbymolecu-
lar docking
= 2. BRI FU AR MDM2 & EMKRINFEM K% RMSD &

Ligand NI\L/llr(r)l(‘:)eer (lfc if;l/rrlilt(zll) MDM2 subpocket binding counts RI\/I[)sllsjt.lg(:m bii;:;]fib.b
Compound 1 1 7.4 2 0.000 0.000
Compound 2 1 7.6 3 0.000 0.000
Compound 3 1 7.7 3 0.000 0.000
Compound 4 1 7.7 3 0.000 0.000
Compound 5 1 6.8 2 0.000 0.000
Compound 6 1 9.1 3 0.000 0.000
Compound 7 1 7.3 2 0.000 0.000
Compound 8 1 7.5 3 0.000 0.000
Compound 9 1 9.8 3 0.000 0.000

Nutlin3a 1 8.3 3 0.000 0.000

a. Root mean square deviation lower bound;
b. Root mean square deviation upper bound.

PubChem #{ 4 8 22 45 B .78, Compound 6 A1 Compound 9 ¥4 LA pS3-MDM2 AyH#E 5 47 i I8 it
FARIE, UL AB IR H A YA SR AUt . SR RS R BOR, SR A RNEIE AN
AEABAI — Fh R AR B AL A WTE AR AP SE 6 Th BEHI T Reel 25 AIRBMOTHAE, HANMEMRIC, BA BG4 RH
Reel 45 i BIiEPHE[28]. R, AN 7015 B R EAL & YR A AT B 1 B A V7 R BT R i 14 - Compound
6 1 Compound 9 ) J& ZE 5t s 14 S ST IEAEREAT T o

4. &5ig

VTAESR, WA R AW R AT, 18 V)R I A M BT 259 . p53-MDM2 2 R Va ¥ 1 5%
FEEL AL, 40 pS3-MDM2 AH BAE R RES IEZE pS3 AR hRE, MTHE R AR Sz, CfA &
% p53-MDM2 R & ok, GIETUASE. K. M 7RESE. B, N7 RI R &)
Fk. BiEse, HAEFSRRABIRHRE, SRR I# . AFFRYE p53 5 MDM2 HIAH H.AE
F S5 HRFE S MDM2 5 7 AN T A1/ 1301 R A AR AR T — AN 25 R0 . 38 AT Ak
EVIPERAT B R IRIE S R B R, A 9 DRI/ TRIVLEC R =, FF & 2R E . SR 2703
AT R TRE I 45 R 27, Compound 6 Fl Compound 9 FISEFI Jy#s iy, HAR T T AL R MDM2 (141
IR 254 Nutlin3a. 4555 #7 5.7~ , Compound 6 1 Compound 9 ¥Jf¢5 MDM?2 B /K TAEAH HAEH ,
HAZAEAEH S 5K HER ). PubChem #4# FE 98 3R 45 R IR, AHIT T 1% i iMsade A 503 R I
i, AL I 5 — S EEMR AL S DRI T R PO RS . B, AREE RS i iRis S
VIR AT AT RE R A& FE A pS3-MDM2 IR 40 A KT Jy . 28 BRNA, ARBFF 9 IT KR p53-MDM2
BT R U R A SRR U TR TTVE, ISR TN IS RS, kRt — B T R RIS R
WIS N 73 FHUM RSP 5E T BB LR

E&UH

T T SRR FE 420 H (2022ZRKX066), 1AL RH 5 5 B 5% & 1 H (2022-24GP02), #1164 E 44
BlE B4 EIH (2022CFB394), WAL P A RRZS 01 2RI I H (WI2019Q022), 1AbRH: = e e 2=t
WL T 4:(2022YKY08), #dbAH% 5 Betd m R It H (2022HX206).
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