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Mining antiviral active inhibitors in traditional Chinese medicine targeted with
transmembrane glycoprotein of Ebola virus by in silico discovery
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Abstract: Objective Using computer virtual screening technology, some inhibitors of transmembrane glycoprotein of Ebola virus
(EBOV-GP) would be sorted from TCM@TAIWAN Database. Methods Taking EBOV-GP as the target, using multi-scale virtual
screening strategies such as drug-like evaluation, molecular docking, ADME prediction, molecular dynamics simulation, etc., the
candidates were mined from TCM@TAIWAN database, and then the interaction between candidates and targets was analyzed. Results
Amiodarone was used as a positive control, and four monomers (ZINC85531496, ZINC85567560, ZINC85592968 and ZINC33833122)
from Chinese medicine with good drug-like properties were selected, and their affinity and interaction with EBOV-GP were superior to
amiodarone. Conclusion A variety of computer virtual screening technologies to mine EBOV-GP inhib are used to facilitate the
extraction, design, and experimental synthesis of anti-Ebola virus inhibitors from natural products chemical structure database.
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F1 HEE 4 WIERRUENERIN D FRHEITSES MMIGBSA &8
Table 1 Docking scores and MM/GBSA binding energy between top 4 hits and target

EBOV-GP
) GOLD *[# CDOCKCER MM/GBSA
B LibDock , i 4 gy iafne
. SEHel XA R 455 HHE
(kJ mol 1) (kJ mol™?) (kJ mol ™)

ZINC85531496  168.77 -69.83 -60.68 -553.84
ZINC85567560  146.75 -86.91 -157.19 -462.92
ZINC85592968  147.42 -80.57 -252.42 -454.93
ZINC33833122 148.39 -83.67 -199.53 -397.35
IR0 116.77 -69.79 —211.25 -333.17

F2 HEE 4 IREILEIH ADME SETUNE
Table 2 Predicted values of ADME parameters of top 4 hits

weEm Mo FEGA AR WA RRER  ICofH KM RKaERE DREVREEY%

ZINC85531496 567 3 10.85 913.72 -8.073  -7.928 4.30 77.14
ZINC85567560 592 4 7.95 893.56 -6.352  -7.824 5.06 71.39
ZINC85592968 591 5 9.65 930.13 -8305  -6.117 3.76 58.21
ZINC33833122 494 5 9.60 804.68 -6.928  —6.456 2.32 67.56
Jie L 645 0 5.25 805.35 -6.819  -10.190 7.29 100.00
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ZINC85592968. ZINC33833122 5 EBOV-GP X [H]
(MZEAFEA S, RA MMIPBSA J7iH 5 4 fik &
Y1t EBOV-GP HE&WH4s& A HRe, 24T 4 ik
“Y)5 EBOV-GP Z5&M1EH. Wik 3 s, ol
S S5FBEBRRRAFT 4 FLEYS EBOV-GP
gt RIMBHAMGERWBAERT4E, A5 Ee
JIRIE A RE BB A LUAE LSS AP A
H AR F & R 4 & . ZINC85592968 L
ZINC85567560 H A #om sy, Hi T
ZINC85592968 H 95 HAaE, FEILRA
&G HHBEA HILH, HE45 3; ZINC85531496

L5 ZINC33833122 H AT A atE4e ) 8E, H
ZINC33833122 HA K m MBI ER, JEHE
AR TEASZAE G, Rk SEARS GRS
FH T3 771 R A B M S TR A AR B FAR KA S K
TR SEE R, SRHRELNES

HAEHE 4 B AK; ZINC85531496 5 ZINC85567560
AR AR ELAE F A R T RCARFI 2R 2 &, 3
Hu s S AR REH, HE R TR
52K G, FH B A AE P2 A
FH#5g, X2 ZINC85531496. ZINC85567560 L5
EBOV-GP 44 H H e A AN B 2 .

#3 4FMRELAEYS EBOV-GP B MM/PBSA 454 BB
Table 3 MM/PBSA binding free energy of four hits with EBOV-GP

e xSt <yall i Re/ IRAEVE I AE R RIEVEFIAERY a4 H Hng/

(kJ mol™?) (kJ mol ™) (kJ mol ™) (kJ mol ™) (kJ mol ™)
ZINCB85531496  —200.66 +16.66 -107.09+19.74 238.831+19.74 —26.83+1.19 —-175.76 +20.66
ZINC85567560 —261.10+16.92 —96.211+14.84 240.72+29.68 —29.324+0.91 —145.92429.20
ZINCB85592968  —262.44+13.81 —36.91+16.81 212.50427.54 —28.54+1.25 -115.40+19.37
ZINC33833122  —202.70+17.38 —121.54419.94 303.314+23.16 —24.10+1.09 —45.034+20.78

g5 B H AR BB, FRoREE G IR eI,
AR TRASEANSS. Wil i 4 Fiih &9
5 EBOV-GP M4i& HHAE, 15 EAEAL &M
992 %N ZINC85531496-GP >ZINC85567560-GP >
ZINC85592968-GP>ZINC33833122-GP, 57471}
R —3
3 e

EBOV &AITETE Rt X ik E A, 2014 4F
S IEREANTEAE, G AL 11 000 ABET. NI
FILFNEEREE 2 KT E R, ©#fkiE 2264 AFETS,
EBOV N[ F5R Ry TR K 3t AR SRR, & x)
EBOV (15 1 sk Z5 DIt R AT Ab T Sh s A 5256 af,
NARIG RFTRB B o I PR 16 A i3 38 G028 v 977 771
ZMapp™, £, 5 2 > EBOV-GP K45 ik (c2G4.
cAG7) F1 1 4~ GP/SGP-A X Jz v #ithk (c13C6),
ZMapp™ )il %% BE &) 51 X ok, IF HHPUiA RN 2
(i) 1) 22 7 DA B A 355 6 8 A PR AR ML AR AT 98 Xk AR 5
i AR L PRIR IS S IE A 2R, H AT EBOV AHR
P55 RN 25 ) IR RIE R L 8 i T A B 1 — SRk GP 4
¥, EEARE GP1 (ZKLEE) 1 GP2 CREEmiA)
2 M3, EBOV-GP 1) C R [X I3 7 381 MR
R, T LLZH e B iy B R R A0 1 3 R R 45 0 I
(mucin-like domain, MLD), /5 575 =40 A 45
AN L0, K, EBOV-GP A B 254

(28],

EBOV-GP 2R 5k} | K& EH, HIm
BEHIER) GP1 5 GP2 2 ANV Y, 7ER B AR
IR A = R AR VE T . GPL HAZ DR, R
FEME AN MLD 3 #8324, GP2 485 il & 25 43,
A e . EBOV-GP & —Fish&oott, Mahs
AT AR A A RAS AT b 3T B il & 5 I RS
%, MIMIKEIHE 516 RS . B fE e E
5 ANEBKM: O54IMRTZ A& (0 TIM-1. AxI,
WRlR ZBEHT 2 )2 DC-SIGN) 454 QMEM: @
FYVR AIBEENS pH N2 GP; @45 & P&k NPCL
MR 2 ©URE) GP KA IERE& BT 75 i)
GARY. HA IR GP R AR & T 7 A R AR
FE B AT RE I B Al R CBRETR 2R, R AT s )
EBOV-GP #4475 v] DARH W5 55 5 1 - 4 e il o

AHFFLIET EBOV-GP =42 [al4h ), M
HHEHEITFEER AN TCM@TAIWAN $df % ¢
FEIUFEE P EE ST . Ahmad R A
Auto Dock Vina 5 Flex-X 2 Ffi4» 1 X882 844 M
Mcule fL &% (https://mcule.com/database/) 34T
FEALTRE, ADME 253022 1FA X f$ Ff ADMET-SAR
BEATIEUE . AR E, EHRR T,
A4 B UM 32 VDR

T EC I IR A R 25 M $E AR Lipinski Ro5. Verber
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RO3 1 i iat s 76 K 78 A, 2% 435 ) SC P R AE iy A
(B hRE, R 1R UL RS R ST
REAFAEAE R FH B v 5, [ 16 083 FL A9t 51
B, Pkt 19 981 Bk &4, B S 2R 2 Fe ik R H
WA 3 By X #2844 LibDock. GOLD.
CDOCKER HEATAR-H-15 3 Fiokg (1 BT %k, &
AR IMEIEA G PE BRI, AR T RS
B, R RE PR IR e R B P2 . Bl 5 36 3 He 0
K H] Schrodinger #F ) QikProp #HLsk 58 %,
ADME Z¥(7iill, % ADMET-SAR #E47id i 5 ms,
TN 7 HF . IR A R 2 Tk
ADMET #8845, J:% & T Lipinski Ro5. Verber Ro3 2
TR PG HEFR bR, (E15 AT 72 1) ADME P44 2 50
B RS KEUE. T 0.9% S LA
MEASmR TR, AR S
GPU JEE ARHAT T 30 ns WK 4r T3 /124
L, FHAEH MM/GBSA Fil MM/PBSA 2 Fiik it
o 5SS B HEE, H5EMN ST
IEERei it il O S i N N
WEFE AL T 23T R RTINSk = BUm EEE 1
YOUF 258V SR S, e PRI TR
BTG, TR G I X 2 4k
P

g5 b, BT RHE HR ) 2 R SRR 0L 0 i
FEARFZYE 245 IR A0 421, ZINC85531496
ZINC85567560. ZINC85592968. ZINC33833122 it
WA R4 & EBOV-GP, il A G472, AT BHLIT
R ST MRS, NN RIR = 2= A R EL
I 1 2 P BRI R 242 g AR e S &)
Rft—ES%,

RBHE ALY ERAREEF BT R

SE R

[1] Rojas M, Monsalve D M, Pacheco Y, et al. Ebola virus
disease: An emerging and re-emerging viral threat [J]. J
Autoimmun, 2020, 106: 102375.

[2] Pallesen J, Murin C D, de Val N, et al. Structures of Ebola
virus GP and sGP in complex with therapeutic antibodies
[J]. Nat Microbiol, 2016, 1(9): 16128.

[3] Bornholdt Z A, Ndungo E, Fusco M L, et al. Host-primed
Ebola virus GP exposes a hydrophobic NPC: receptor-
binding pocket, revealing a target for broadly neutralizing
antibodies [J]. mBio, 2016, 7(1): e02154-e02115.

[4] Onawole AT, Kolapo T U, Sulaiman K O, et al. Structure
based virtual screening of the Ebola virus trimeric

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

glycoprotein using consensus scoring [J]. Comput Biol
Chem, 2018, 72: 170-180.

Stanley D A, Honko A N, Asiedu C, et al. Chimpanzee
adenovirus vaccine generates acute and durable protective
immunity against Ebolavirus challenge [J]. Nat Med,
2014, 20(10): 1126-1129.

Henao-Restrepo A M, Longini | M, Egger M, et al.
Efficacy and effectiveness of an rVSV-vectored vaccine
expressing Ebola surface glycoprotein: Interim results
from the Guinea ring vaccination cluster-randomised trial
[J]. Lancet, 2015, 386(9996): 857-866.

Tapia M D, Sow S O, Lyke K E, et al. Use of
ChAd3-EBO-Z Ebola virus vaccine in Malian and US
adults, and boosting of Malian adults with MVVA-BN-Filo:
A phase 1, single-blind, randomised trial, a phase 1b,
open-label and double-blind, dose-escalation trial, and a
nested, randomised, double-blind, placebo-controlled trial
[J]. Lancet Infect Dis, 2016, 16(1): 31-42.

Ledgerwood J E, DeZure A D, Stanley D A, et al.
Chimpanzee adenovirus vector Ebola vaccine [J]. N Engl
J Med, 2017, 376(10): 928-938.

Sastry G M, Adzhigirey M, Day T, et al. Protein and
ligand preparation: Parameters, protocols, and influence
on virtual screening enrichments [J]. J Comput Aided Mol
Des, 2013, 27(3): 221-234.

Friesner R A, Murphy R B, Repasky M P, et al. Extra
precision glide: Docking and scoring incorporating a
model of hydrophobic enclosure for protein-ligand
complexes [J]. J Med Chem, 2006, 49(21): 6177-6196.
Chen C Y. TCM Database@Taiwan: The world’s largest
traditional Chinese medicine database for drug screening
in silico [J]. PLoS One, 2011, 6(1): e15939.

Harder E, Damm W, Maple J, et al. OPLS3: A force field
providing broad coverage of drug-like small molecules
and proteins [J]. J Chem Theory Comput, 2016, 12(1):
281-296.

Ahmad N, Farman A, Badshah S L, et al. Molecular
modeling, simulation and docking study of Ebola virus
glycoprotein [J]. J Mol Graph Model, 2017, 72:
266-271.

Lipinski C A, Lombardo F, Dominy B W, et al.
Experimental and computational approaches to estimate
solubility and permeability in drug discovery and
development settings [J]. Adv Drug Deliv Rev, 2001,
46(1/2/3): 3-26.

Veber D F, Johnson S R, Cheng H Y, et al. Molecular
properties that influence the oral bioavailability of drug
candidates [J]. J Med Chem, 2002, 45(12): 2615-2623.



* 3942 -

¢8$ 2020 7H $52% H 134  Chinese Traditional and Herbal Drugs 2021 July Vol. 52 No. 13

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Rao S N, Head M S, Kulkarni A, et al. Validation studies
of the site-directed docking program LibDock [J]. J Chem
Inf Model, 2007, 47(6): 2159-2171.

Verdonk M L, Cole J C, Hartshorn M J, et al. Improved
protein-ligand docking using GOLD [J]. Proteins, 2003,
52(4): 609-623.

Gagnon J K, Law S M, Brooks C L 3rd. Flexible
CDOCKER: Development application
pseudo-explicit structure-based docking method within
CHARMM [J]. J Comput Chem, 2016, 37(8): 753-762.
Vanommeslaeghe K, Hatcher E, Acharya C, et al.
CHARMM general force field: A force field for drug-like
molecules compatible with the CHARMM all-atom
additive biological force fields [J]. J Comput Chem, 2010,
31(4): 671-690.

Zhang X H, Perez-Sanchez H, Lightstone F C. A
comprehensive docking and MM/GBSA rescoring study
of ligand recognition upon binding antithrombin [J]. Curr
Top Med Chem, 2017, 17(14): 1631-1639.

Abraham M J, Murtola T, Schulz R, et al. GROMACS:
High performance molecular simulations through multi-

and of a

level parallelism from laptops to supercomputers [J].
Software X, 2015, 1/2: 19-25.
Khoury G A, Bhatia N, Floudas C A. Hydration free

[23]

[24]

[25]

[26]

[27]

(28]

energies calculated using the AMBER ff03 charge model
for natural and unnatural amino acids and multiple water
models [J]. Comput Chem Eng, 2014, 71: 745-752.

e, i E, B, 25 Gaussian09/GaussView5.0 7E
TR RN A [J]. BUIBERERS SR, 2016,
37(10): 134-136.

Cieplak P, Cornell W D, Bayly C, et al. Application of the
RESP
methodology to biopolymers: Charge derivation for
DNA, RNA, and proteins [J]. J Comput Chem, 1995,
16(11): 1357-1377.

Kongsted J, Ryde U. An improved method to predict the
entropy term with the MM/PBSA approach [J]. J Comput
Aided Mol Des, 2009, 23(2): 63-71.

Du X, Li Y, Xia Y L, et al. Insights into protein-ligand

multimolecule and multiconformational

interactions: Mechanisms, models, and methods [J]. Int J
Mol Sci, 2016, 17(2): E144.

Rugarabamu S, Mboera L, Rweyemamu M, et al.
Forty-two years of responding to Ebola virus outbreaks in
Sub-Saharan Africa: A review [J]. BMJ Glob Health,
2020, 5(3): e001955.

Kiiza P, Mullin S, Teo K,
Ebola-related critical illness [J]. Intensive Care Med,
2020, 46(2): 285-297.

et al. Treatment of

[FTERE & L]



