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Advancements in virtual screening techniques for study of
enzyme inhibitor compounds

WANG Bei, MENG Ying-ying, LUO Man-ping, WANG Kang-xu, LI Mei-yuan, LI De-min, ZHANG Xin-guo”
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[ Abstract] Enzymes are closely associated with the onset and progression of numerous diseases, making enzymes a primary target in
innovative drug development. However, the challenge remains in identifying compounds that exhibit potent inhibitory effects on the
target enzymes. With the continuous expansion of the total number of natural products and increasing difficulty in isolating and
enriching new compounds, traditional high-throughput screening methods are finding it increasingly challenging to meet the demands of
new drug development. Virtual screening, characterized by its high efficiency and low cost, has gradually become an indispensable
technology in drug development. It represents a prominent example of the integration of artificial intelligence with biopharmaceuticals
and is an inevitable trend in the rapid development of innovative drug screening in the future. Therefore, this article primarily focused
on systematically reviewing the recent applications of virtual screening technology in the development of enzyme inhibitors and explored
the prospects and advantages of using this technology in developing new drugs, aiming to provide essential theoretical insights and
references for the application of related technologies in the field of new drug development.
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Table I Commonly used compound databases and software for virtual screening
S S [Ehi FEARHIE FELH
pieiELa ZINCY http://zincl5. docking. org KT LLRE A PRUET 2 B FR A OpenEye 4=
AL S 3D HiHk
NcIV http : // cactus. nci. nih. gov it 25 TR EY RULE YR TR E R
T AFRA B Y A B
TCMD" hppt://www. tem. emu. edu. tw 5 37 170 Fh 2659 ERINIE S e iy N 8 g o O
2Ny R R
ChEMBL" hppt://www. ebi. ac. uk/chembl #ad 250 Tk A YR 13 382 T AR A YT R D 4
bR Hds A B SR LG B el
BHRAHZ
PubChem"’ http ://pubchem. ncbi. nlm. nih. gov it 9 000 HAMEE W RS Y b2 454 s
LA € TR A 2 Y SWP R UV
T2 B R TR
DrugBank" https : // go. drugbank. com B E 2 FDA bR 2 723 Fh2hy  JEdm 4 09 5 0 oS B0 T 22
W1 540 FAERIEOR (R AB/K)  — K PRARRY 25 8 (240 23
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ChemDiv? https://www. chemdiv. com it 125 A s AL S Y e A iE TR , ADME/
TOX ZHEHE
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Fig. 1

Molecular docking-based virtual screening workflow!'”’
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Fig.2 Pharmacophore-based virtual screening workflow!'*’
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HBRZE IS, SR Ie A B 1 v () A ) A B bR 28 20 2 K
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SRR T U Rt 5 9, 5 2 Ak Al
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M R BAR A Ty S R AR AUV R AR i B R ik
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HE, HARATTEARRIE, 2T AU R B AT
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Fig.3 Molecular similarity-based virtual screening workflow
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3 B InterBioScreen BUHE ) 441 574 Pk &9, & 455 5
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2.3 FifbEzsy
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FEAERR AR 12 61 BRFEIESE 1R 22 Bl w0 Y & A= 46
5 Bk B UIAISE, 0 7 R MR SR Y o ek A 3K
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Je8 R A 2 SR AR G IV A L A A T (DT IRE 25 M IO AT 92 L 40
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11,2020 R 2B 230 J7 L B2 WA FLIRE , 685 000 A
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TS SR METE 8.0 LA 1Y 25 MMEAE R
BRAL AW, R 8 2 50 M 437 X 1 0 3 e R A 7 B PR A AR
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F14) R AR B AR 205 4 1) 0 12 mT AR 7 % B 2 A O T AL
EWITTREES . RAMPOGU S 455" 3 4 I T 32 14 14 kg
UG 72 1 &, i FH] Discovery Studio 4. 5 73 AR 5 83 4>
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(955 — AN RCHFR , MALL D P 45050 3 £ 283038 14 270 i HL
FHRIE PDESA MRS AE WG AL & Wt 1T 3 B IR0 8,
JH Vlife MDS 5. 4 ZKAFIB AT 50 F X RE 7 51 X S 45 R S5 11
PRARE 193% ¥ PDESA 0 70 (V5 b TIR AR ) #4730 57 3, &
LT X PDESA A5 1 k1) 395 1) 3 2 24 355 P A 78 R 40 (1 A
SR AN E L 2 DRI L) L %S
TS R S T K S B e R IR A I P ) R AR
PRI e R R BT & SIS AR . B B4 TR
FAR TG ML A YOS TR, 5 255 B RU AN 25 &
P14 2 40075 3B A T LA i e 3

B R AR/ K EL 2 B PR T LR (Y ACE 9
SR 3R] (L A 2 400 o K % 97 3 2 B0 2% i S 2% 0 i v
BB AR BT IE T X — 18R, 51558 ) R 300
FEARFRE, WU H %57 SR AR R 47 5452 07 X, 56 0E
TXHAE 5 1G5, ZIMPEER, 1A T IREARIMIA 1C,, 1Y
IRAERT ] MR T & BN S A A W AR AT T RS
F4 HE AUL 575 B AR 201 15 A b S B AR 5 A R BLIS HEAL A 0 Y
Ji, HEEAED) Discovery Studio 3.5 #A44: AN [RlR Y
PEPE A SCHRIRIE 1C,,( ACE) 1Y 113 ANk H %) A — ki
SRR, 43 i SR X e R X 4 (libdock ) #E4T X 4
SCH ., AT LA 2 B T HAR B M 5 1/1C, BIRR .
TR B R® KT libdock #8Y  JiHH 5 libdock A5
U H, Z2 X AR TE A Al T IR = KB 4 4h ACE #41
T, I HIAE 5 o 200 R 1 FR B 3k X 0 /N
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fiifA 5 ACE Z BN A RABER, Hit, £ libdock 1
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[ libdock 1843 = 10. 063log( 1/1C., ) +68. 08 ], 1 H. 18 1 52 46 ]
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(1/1C) WA B UESE Tk e Rl (5 8 . Rk, %07
AT DL B T R ACE F ] B 1 7 2

2.5 IRITHERIFZ Y

Pttt A DA U, BT BB R R A A 4.24 12
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kU A R 22 S 5 3 A 3 N A B 1 kIR AL e
PEGR . BRT o BB BRSO, 11845 FE S 1] W s Uiy 1 70
(11B-HSD1) 8 & B2 815 AR S I FLZ 2 49R
M PR I T A . SAKKIAH S 251N TR 18-
HSD1 #5094 B 3D 258 A4, £ NCI, Maybridge F1
Chembridge H ZE FHR IR 3k T 25 % 4148 2% | Lipinski FCAE N |
ADMET Z& 245 P T 30 47 5 #0107 2 , 5 ) i F GOLD 43 F-%F
TSy B b /NG - 80 (0 AR N 285 A bk . AR 98 45
R RA 1R AT A2 P 118-HSD1 36 PE {7 4,
A F B A B B A 118-HSD1 I, 1Z0F 5 R
A5 o FxHE R AR B 7, BRI B P, bR T Lk
L3y GOLD HE 8L e k4 | % f4: ICM-PRO .75 118-HSDI
RS 0 L0 e P AR B T N, Ak
AUl B ARPE ICM-PRO, A HL IR ELAE 324 A4 K 8K 7 9 A
ZINC RIRAA YB3 431 % 482 1) 1 40007 36 4 R &
PV AE B 11-HSD1 #1413, &5 58 & Bl 1 AN 69 B A #0461
L1-HSD1 4k 5 9, I 25 & A S 30 5631F, 3L 1C,, by 1.86
pmol « L' 5AE5: X8R 11-HSD1 M RIAH L, %k & B A
SHAYS AR BORE AR BRI 2 25 90 19 F 2 B L 11 5
gy LN

A (1 R 25 9 © 200 7™ i 10 24 55k 2540 R0 22 4 1k
W, R AE A 259 h & BRVEAE T & 0 259, % T 795 29 %%
ZRIE R A G5 B e e R SR, B AR R A L, R
PRAEAE ) LB i W HE bR 2R 1 1 2 RR R AR 1B (PTP1B) (1Y
FRIREERY B Accelrys Discovery studio 3. 0 % {438 i3 52 {&-
T AR ELAE P, A8 7 2 5k AT ASE 80 b ZINC 25046 122 Hh 19 FDA
B AT O 1, O 2 HD A A 2 AT 5 R R 2 A I R 24
W) ——— R Vb 1E RO STk Y
2.6 JRITRIRIR MAEZSZ5 )

Wit 2 A AT A 90 o 4 R, R PR A IEE R R 2 L
fdE BRI T g, DA T 2850 e PR TR ILAE <5 18 P A3 S 5 1Y)
KM TR R IALE 2R R 2 A G A AR SR T TR 0 4R A
(xanthine oxidase , XO) # I\ A& AT 15 bR B2 ILE A9 AU A
MRz — . L, E R A il S FEE T A XO 4
FIB 2R —FoRT R ka3 EREE N ZINC KR
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BRI 224 205 AW K, HEBR N /£ Lipinski AL )
F1 veber LI AY 5>, BE G 36 T 32 IR-BC AR B A W 54 25 55 A %)
LIRFEE RN A B A TR i, T4 A T X B R MD
FEHL ADMET FiUi &5 & 30 T ¥ #E I XO IR, &5 R Eow,
43F ZINC09344458 (454 fEA-82. 038 kJ - mol™") THN L
R A A A 0 M R R 2 S SRR TR A B2
febuxostat ( 45 & fE R -56.704 kJ - mol™' ), YANG Y Z5[%)[q]
FER JH 43 2 B 57 6 ( ADMET | Lipinski T2 80U F1 veber {71
43 -3k I — B A 25 55 FAT S SOR PR R — 4 F R —
MD A58 ) SR S A AL X0 k), A F R g B
SPACE ¥4 e H %, 3 BLJR G2t 4T T M A= i e AG ), G
H H3 A S BRI HEPE (1C,, 2. 6 wmol - L") el , HAL T
BRI FRAEAG 230 (1C,, 95. 6 wmol - L7, M LA & RS
25, FIRTAITE 2 4 HL25 IR TS SRR R BR T R IR TR
B2 IR R 2k Bt RS RN 2 A
AT RS, W SR 24550 9 i $OL 0 e D B IR AT K =
WO S kA A Y eI SR R > T AT AR S Y
G, B T O B R R R R, S — Fh U S A i 24
SETHIE T
2.7 HfAtb

TANG Z P %1% 5% Fil SYBYL-X 2. 0 44 £ 24 %5 A 19 7 1%

J7 B AT RO AL , I ZINC B3 b it 1. 6 12 MEe
T 10 TR G BT 20 T %23 A Al ADMET T3
W, S TEE T 2 R LB (2-19 . 2-29) AT VR AT BE L%
P, B R A LAY 2-29 BA PUEE LTS, 1C,, (22. 9+
6.88) wmol - L™, 525 dabigatran #1324, X—1b &Y
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J& B B (MMP ) 5 B 3k, e & BUL IR 3% UL Mot B2
k. GIMENO A %17 S 1 fifi i A7 S P 9 MMP #1465,
BT T BEHLARAR 5T X5 B2 2% A | & i AR DL 34T 1) B 421
PR , B AR AT LA R A R [ S [R] MMP o Zn™ 254 X
WA, M 183 AR Fh, frsh T4 49 A1 LI
il 20 3 FORTFE B MMP, I B b 2 Fifb A9 C 280 T
WRZALI I YT 24 b DprEl J& 36 97 45 ¥ 0k 1Y 1 78 4 45
ZHANG G %55 5 1 5 T 2288 A R0 43— ) 422 14 0 97 2 , A
ChemDiv B4 s 7 ¥ELERY Dprl i3], 35 A1 Dis-
covery Studio ZXALXT 30 Fi ik & Wy #E4T ADMET T, $R 15
TALE Y ZINC09833455 FlI ZINC32996629 AT LA 411 il 45 4% 43
FAFE H DprEl AT

B T R SRSB4, K PO e AR AE HoAt B
IR A Wi AR A T2 N BAR DL 2 & 4,

2 HEAUGRTLE SR T T R R SR 25 W A AR S 1
Table 2 Representative cases of virtual screening technology applied in the development of enzyme inhibitor-based novel drugs
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Fig.4 Compound structures in representative cases of the application of virtual screening technology in the development of new drugs

in the category of enzyme inhibitors
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