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NS1. NS2A. NS2B. NS3 % [A/Kf#MF. NS3 fighielf. NS4. NS4B. NS5 HEFH R K
NS5 EEEN, BT M &, NS2A. NS4 Fl NS4AB 4, HoAth 85 1 &8 K& 6 AR B 4
. HApE%E NS2B-NS3 & (/K ARGS9, NS3 fiefliol &z NS5 FH Ik 4% £ i I45 £ 14 (1) fift
BT 5 B A 4540 ¥ 240 R DA77 2 1 A 4k HH B 02100, {H ) i #IA 19 51 & A4 I 45 . 2017
FARER) PrM B LAY 139 A7 A 2 S IR AR R A Wi T RE 2 S BUR AR B PEG 5, (EAS IR
SERRBRIEZ A, FERMFEHARR AR, X0 REERILE B 2ia)T & R R ERmiAH 5%
BAI D NS3 At e i 71 28 R i BE 2k IR AL 1 B2 1) SO B RNA IS B R vh, A B 1E A,
BE, BN T RIT SRR Y AL A

NS3 fift fighiy 12 th =SSR . HAT, &1 NS3 i ielE i i 48 (RNA 456
A Gl 1B DLJ ATP &G54 4705 (il 2B)) MZgWn e flimie Caa . ful,
M B 5K Sergei V. Strelkov A FIRE Fr i S A% IR SET-Boads I 1 AN rT (25 45 6
FrOASET CanfE 1A 20, BN TR N A RN RIS A 04, EXT NS3 fif
Jighiz 5 NS5 & B AN B i B B EAF R 2 AR B RIS WA a9
A, TR A RO BAR I R, TS 1 # ) SRR G, AT 1
A, 48 B AT NS3 f# el =S5 RN A SOt AN SR EAE s B2 R <7 O AL 1 15
FIEE, flf NS3 ff el gt BA shas ks M/ 778 FAR B EE G K21 NS3 fif gl i R
FasEfE— MR MMR, WA T REDIE NS3 el IE % Dhgg. Frbl, 148 A R4S B
BN T AR A NS3 it fig il A 27 1 L AR AR SO X X PN BB 4 o
AT TR L, DUHIRBI4E G NS3 METERGHT O U IR RN
P T HAG R G R 22 R, BRI A2 B 25 WA 2 ) T DR OE-20 ACHIF FTADUNT ZE R 1
NS3 e B [ ST 45 & DA R KR =M TRIE 34T, I XA B 45 A8
UF I R IR AT W B VE I b, T RIBYT 28 R 3R AL S 52 3T i) B



Helicase domain I

(A) AR ARIRINS G MEEEARER; (B) N ARMERZRE.
K 1 NS3 figefig 45 a5 048 A fALE
Fig. 1 Structure biology of NS3 Helicase and the position of Site A ‘

(A) 148 B g & N8 L EEEAARR; (B) N B W ERER.
P 2 NS3 fif el I 251 22 5 10 4% B I B
Fig. 2 Structure biology of NS3 Helicase and the position of Site B

1 BT
11 BHEESE A OR/MT

LRI (1 Strelkov #d% EAATE (International Journal of Molecular Sciences) #:#& bk #
T NS3 f e AN E A 4l A AR, (HX PN S5 9 T4 G IR REAE R i R A 2
A5 A 2R (PDBD S it T 3 BRI, AW FERR I SCRR[A7] P e i L 28 (48 A (&
D FE4EB (H2)) ME MR &I R E Lo 7R T & E R &7 (Grid Box)
MR, IFH E R RIEFERIR =Y 70 T G MR I T ARIEAT AT 70 P0G . ER 1A AR 5



#EE (PDB) IR4F PDB ID: 5YAZ F#F NS3 fif e (11 b A 5 h 8, I F i @ P 3R AR 11
A JF £ (Protein Preparation Wizard) #HTE AR TALIE, kg% Ak, ik
AR, FAE pH = 7.0 T H PROPKA FE/7 tH AN G BE I BT TR s SR5 F B
SE B E ) OPLS3e /1373 1% impref JIARHEAT (R E S, BREAGE
il 4 P Ak 55 o

1.2 FofhHE®

5969 NE T R SR 7 W I B 1 20 K ke s O i AR B B HlE i (Seaweed  Metabolite
Database, http://www.swmd.co.in/)~ UNPD KA ¥% s e (1) K5 /401 (Universal
Natural Products Database (UNPD), http:/pkuxxj.pku.edu.cn/UNPD) J { rhHeifg A - v
RERF) BREE  {if PRANEE e ) 0 3 9 B SN B i 58 15 A B R kAT == AR 254 e ik
M (R ARHEEAR R RIR ) &), FATYeH ChemDraw # i — e85 71,
i Chem3D 8 4454 73 e oy =445 K 701, ALK 132808 M2 TR 73
T fe 5 FH O A HE 25 L E (LigPrep) ALt 5, FEBA SR, KkKmH N

MNPDO000001~MNPD005969.
1.3 048 A MIO48 B &6 DRSS

FHUBSE s PE 4525 10 Sitemap2.3 Mibk, %I TT48 A RICISE B (45 & DASHEAT T D48 iZd
P 43T . DA siteA-1 % siteB-3 T/ NMR I 2 [0 /1N T 94545 11 AS IR 356 T B 2500 Site Point
HOA B0 BB 15 /s kB R T PSR TIN5 P S0, DI 28 S 3
AT

1.4 SFIESES S

BT 48 AT M LLAITAS A 78 351 10 A4S B ZE2UE R (Arg439. Vald40. 1led41.
Asn568. 1le571. Met572, Met595. Ala597. Cys600. Ser601) NKEEILRR (K 1A), H
e SUX B G HE PR (AL BR 0 R 2 T AR s IR, 2 SRS L& T (Grid Box) J#
PRSI, KR 20 A, I 244K s SO FEF (Receptor Grid Generation) 72424 i SCAF
N B v REARAT 24 P28, BRATTHDR A P R A v R HTVS W SP 2 XP L ishAT 1B 4 i ik
HTVS 5 SP (4T 70 &% (GlideScore) —#¥, {H HTVS Sk &l id FEAR FHHRBC AR AR 5
S AmE AT L. T XP BIFT 4Rt HTVS 5 SP R Bisg ( TN 1 Aik 52 44


http://pkuxxj.pku.edu.cn/UNPD

(R 2RI AE T 008, AT PRI R 0L 1 A b R PR 20D, /05 08 TGRS 52 4 1
SSMPRIRAME SRS, R, KRR KT (] ST ARTUE, AT HTVS kit
5969 M RN W/ING ¥ FERHATWIE G s T3 BRI HT 200 Mu&4, Bt SP U7
BTSRRI . BJE, WTHEART 50 NN TALEY), TR RS R XP i
IR BT T T VE IR KR BRI S H. LEFRIRT 1 Strelkov #4516 S 11y
BP9 F OH-IEENA-2,6- A A B AR N 2 BIHEAT XP o3 T3t 2.

BT O4R B X LAOAR B B 14 A EEIR A HE Vall91, Ala287.
His288. Arg298. Phe3l14. Thr316. Glu413. Thr449. Ala451. Ser452. GIn455. Trp487.
Tyr508 Al Glu511 (41l 2A); KT H# A& T (Grid Box) KL KSHOKE, MEMERE
JTEER A8 A BT 58 4. HURIIN I Strelkov 226 L IR A2 T IN- (4-5 238
ik R fie . Sy 2 JBAIREAT XP 431 5.

15 WHERARTWRIRA. Am ARE. Hek &3 o4

TEREE T 3 AF T QikProp vb.7 BEHU T RAIEH BN 10 MU G WHET T 3 T E A4
ADMET Fiiill| (Ligand-Based ADME/Tox Prediction); QikProp v5.7 3= ZL 2 iR 5 95% L4 17
2GR TR ALY SR, RIS 3 30 AN 1T A6 S5 EuE BH 4 1) S N B R FREAT 7 iRe, LT e
T RRATH A PE R VPN B R o S I A5 B N R AR AT B TV TSR IR
% R BE T EAANE. SR 2 T (donor HB. acceptHB. SASA & PSA 25). 54t

e S v fr#metab. 254035 B RE 11T QPPCaco PA K 24540 iEF5 1 QPlogHERG 4%

2 BR 5

2.1 EFT O A KEBIIRLS Rt

AR A AL T8 R i NS3 AT NS5 dH A2 AL, REHEAMDAMNKEZEXE; %
BeAARLE G sk, JBT — MRS A A (B D M4 Sitemap BERATHESEREW: O
S8 TS S50 Sitescore Dscore & Size /R4 Site B, X AJ g 14% A JB T — ANk
FR 48, i ) T 2 T 45 5 RN R — MR R (K AR G . BRI, AL R AFE R
R SR B AR b AR AR, Horh Asn569 AR Ny Ala, NI HIE
BRTCIEIERL T IE T 75 RNA IR H 5165y A R e 28 R0 8 SOS R P 45
TSR PR AR . FIREM, R RS IR P SRR M SRR ARGA39 RT LA I A 71
AR AR R A 3 NS3 el 5 A Al HAEH . BRILZ AN, TERDER A i SRR



SFERRLN ILEST1. ILE441, ALABQ7 [RIFEULLE BRI R & 1 m BEAR S o T IX L8 OCHR ) S IR

Be G AT A= R EEAA EAEH . 1588 OH-IEN%-2,6- AL S it AT XP ik, it
BRI G R N- 4.691 keal/mol,  HKILE REIRIFHE ST Strelkov BG4 IR, BRI
L LR 1A K P ) S RO — 5 (PR 3A), AIEW T AR Ao 4 5 MO B (e R s (HL
HFHA RN, Bk, TovkS R LR Argd39. Asn569 & AEI] R EAER . Tk
BEN XP WAL G0 EE A RE 50 A - 1.500 ~ - 9.866 kcal/mol, [HHAHE 7 BUL T OH-MZE 04
-2,6- AL S EE R AT 0 b (RDS5 & 88K T - 4.691 keal/mol), HA MR SR IL IR A
BEEMEAEM: BT REEMR, A GEIUEHE SHRK LN 5 MeA Wt iT i H:5
Fr (& 3 5k s1).
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(A) 1h&W siteA-1 (44(0) 5048 A SRR (M) MEMEM: (B) L&) Divanchrobactin (£#{)
5048 AR (K MEMER; (C) 1b4% Bromophenol (£4{4) 5048 A IEIERR (R



HAEA; (D) &%) 2-hydroxy-1"methylzeatin (£¢f5) 5048 A FIEER Okt MEEH; (B) kb
Y) Garveatin E (1) 51048 A PR IERE R M EER: (F) k&% 2-hydroxy-6-methylaminopurine
() 5 ARRRER OKE) MEIER.

Kl 3 IR AR S 2R TE NS3 MR 148 A BT
Fig. 3 Molecular docking analyses of marine natural products towards the binding Site A of NS3 Helicase of Zika

virus

1) Divanchrobactin (MNPD001378): ZAL &I NAR T IR, HI9% =211 Alison Butler
YR T 2010 EARIER, 3 HMNIGEEYE DSA0MA 43 254535, H AT M ICHkiE A L stk
it XP i+45%, Divanchrobactin 1454 fit - 9.866 kca/mol, & KT-5EH 40T H-NEN4-2,6-—
et &Y (- 4.691 keallmob); JEKI W RERZ Z 0 FRAUUT WU+, A FRAGBBER, &
REFIFE, eGR4 A REEEM S NARERFERZ WM EER (B 3B, Q1. HMRE
SR EE AN 22 Z FR M BE e 5 NS3-fRIERF 148 A 1) Cys600. Asn568. Asn569. Thr570. 1le571
F1 Met572 %5 F Bl i S AEAE AN I REE A BAEH, 3 5 OH-ME4-2,6- 4k & W (¥ Al ELA
FUREMMETE S . Btz sh, HERIE MG Serdeb I EERR I 2.93 A
5, B85 Aladd3 [MEERCEE K 2.71 A IR alEE, [RIN SRR XIBUA RE 5 D148 A fR5F 1)
REMEK AR 1leddl FT /KA BAER 5 . X 1E&Z Divanchrobactin ZRA3#4M45 & fie
)RR

2) Bromophenol (MNPD005219): & FH RIS IRZ MR EY), mIREREK
T 2003 FE LB TR SR B, ZAE S 5 NIRRT, R IE R — A
TURFE:  HRTZI A VAR IE R RS LATIEREE IR, Z &5 NS3 fRIERs 454 6l
-6.661 kcal/mol, b= E A BEAER v 5 M #2255 2 HE R T B0 B i A E
M 5 MRET XSS RERVE A . 5 Divanchrobactin AR, Ho—MRET RS
SiteA JREEEUFEIR Arga39 (IR B if (s, X P BT 17 3 e oy U7 R AU Y
MEAEM (B3C)., SN, ZHEYIE S RT2IEMR Alab97 J 11571 M E A Uiy HiK
Bk EAEF -

3) 2-Hydroxy-1'methylzeatin (MNPDO000865): 4 fifl 4> %4 2 K T4 (25 261, H ok pi4g
N SRR G OH-EIS-2,6- AL A VIR AR B, BRI, 456 75 it 5 H AR 284
i T Cytokinin FL/5 o3k _EBUVDEE, ik, EREEABEILS Cys600 M Met572 fikit
TR M ESEAN AR G Ky 519 3.86 A A1 2.79 A); i/ e AN BN OH-1
14-2,6- AL AW LTF—8. AR, Cytokinin B ALRIERIE S Leudd2 HIBRIETE A
ShIEEE (2.66 A), X Cytokinin fIET OH-FEM-2,6- b AP R (B 3D, ik



b, B AR A A IR Ala597 K 116571 JE AT HIBT /KB K M A -

4) Garveatin E (MNPD002933): T 2006 “F M AR ALK g A 3 5945 21, JF
BAEWZ 1DO IR AR =3E5, BRA RUR TR, IXRRHIES T -0
T OH-MEENS-2,6- Al A IR EUSEAR ELAE F 5 ST LA 25 5 B AN 5 (-5.211 keal molt); HoAE
PR 32 R H B BB 5323873 0] 5 Argd39 FRIIITEE . Met572 HiI Asn569 it i g
TR SULEIR, =HE5HRe 5EKE Cys600. Ala597. Met595. 1le571 & lled441l
KAEMIEAE ML Garveatin E 5 NS3 el 045 & (& 3E).

5) 2-Hydroxy-6-methylaminopurine ( MNPD000958): J& T-Z4Hfiu /0 2L & ) —Fhe7, &5
2-hydroxy-1'methylzeatin 5 9H-WEW-2,6- —[lZ At G IR, H B &I K AMPK 1)
Wl BRI R . KA &R LTS OH-1EM8-2,6- b &Ry, 1 B ST
AR B A AR LT —R, e &9 2 Akl T A A, Rk
55 Met272 JE SR AUE, TUET-ER Cys600 fImk i 5 iR s A . I6H — AR, 6 A4
B H AR T RS S AR S HLER B AlaS97 A /KM AR SRS ks T a5 &Rk, ONE T
TABZ IR S AN EAER, A5 &R0 5LR5F10 116571 % A B/ ELAE F AT 48 3
HabAiEd: (B3P,

g5 b, FEBIMT T 5 ANEE RS IAE 48 A AR AR, T 48 A DS ar T b
EREA BT RN FAEAE; 1% 148 3 B0E I S M 4R QRO AOAR BLAE T, Hix
SUAR HAEFHAE 5 ANMEEEERAR AR BON RS, 5 Strelkov 02 (K0 SCHREIIZREBL: I, X
SEEHE R IIX 5 MU AT RE R JE R i NS3 MR IERlE i iAo

2.2 FET O B WBMAHESLS Rt

RS A 52 ARE, 148 B 454 D RE MRS A N sk, HArT NS3 fiflie
B 3 NSRRI FAL (B 2). (H5 RNA G550 U Z 5. AR %45 & RS Iz gk
BR LBk X (Thr316. Vall91. Ala287. Phe314. Tyr508 & Trp487) K %/KIX (His288.
Glu413. Serd52. Thrd49 J GInd55) Witk srA, HAENKITA RSN EEE (8RR .
AR BIAHEES) hm R, BoRE N4 B Rk w EE NI NS3 ff g4
IR 44 48, Xt Strelkov AR SCH N- (4528 JFHEI 149+ 2554 S 30
IEARSG. JET Sitemap (19 IS M HT R B X TRAL)S 1) NS3 filtliell, H48 B AL
8 A THLFRZYE . Sitescore 1ENFIWIZGMEE & 5 AL G I EZRGE, BRUCHKT 0.8 #in/
CMENZEMES A 048, 148 B TSN 1.14, KT 1, BIRE ISR — A5 S0 254



ghA DA, ME N RZ TS AERZPER) Dscore 24, 1148 B ik E] T 0.96, e T L4
FREGPER R . BT TR W] JATHE A ST BN 30 H (redock), 4548 - 5.070
kcal/mol, FHOLT OH-MENS-2,6- Ak GFE 4R A MZs G Rt HEEE T AR BEREU/KIZR
PRIR AR B AR A 3t 5 W M SR R A LA s B E N XP S & 4 A ik 3 Al
-1.628 ~ -8.401 kcal/mol, FTLAARHFFLHUR T N- (4-S LK) b Ik AG G Wi 45 SR kAT 4
Mr (EP4s&68 KT - 5.070 keal/moD), HXf A4S CE SRR A EEMMIIEM: mTiRE
A, A AL BA SRR 5 MEEWRHT T (K 4 538 S2),

A . LYs
D LU 5“ - \IRP 487
ASP 481
TRP 437
UNK 900
HID 484

\ PRO 320
PRO 320 /
>\1 R 290
- LYS a0

THR 29
ARG 298 ALA 451

UNK 900 HID 285
THR 449 LELA% ALA 287
ALA 451 &—j) \C Ll
€

R 452

E { /D/
%

GLU 511 UNK 900
PRO :2@ SER 432
ALA 451
/%'
-

GLY kril
HID 288

ALA 451

(A LEPIN4E B-3 (4f) 51048 B EHERR Okt MHE/EARE; (B) 1A% aromatic polyketides
(G 51048 B AR (KE) MEERE; (C) &4 dimeric terrestrols (5:) 51148 B &
B (Kt HEAEME: (D) &4 6-(methylamino)-3,7-dihydro-2H-purin-2-one (£:f4) 548 B (1
IR R MEAEAE, (E) tb&% 4,5-dibromopyrrole-2-carbonamide (4£fh) 51048 B (& KM
R MHEERE; (F) L&Y 2- R-allantoin (£4¢5) 5148 B AR (K MILIERE.



Bl 4 SRR A5 25 R EE NS3 AR 1148 B U4 T34 AT
Fig. 4 Molecular docking analyses of marine natural products towards the binding Site B of NS3 Helicase of Zika

virus

1) Aromatic polyketides (MNPDO001827): J&3 thi iRy, N E KRN EY, &I
[ R 5T 2008 £F M EFE I E 1 2 h o> B3 2IP8 ZR A S A — 07 B PRI B K BE,
[l DU AR R R Sk R, X FEII AR N- (-8 25 WFFR BER AL AR R, X b
TN AT S EERAA B R (-8.401 keal/moD)s AHEAEFASHIRW: F5EHAES 148 B
) < B FE R G Pro320 AT His288 <5 A7 /£ B /KA ELAE il s S5 LRI, 55 & A OS2 S fEER Thr318
ERERIHRILTE AL 3.37 A [y AR SR I AUE; 1T TL7CHERR ik 5 Thra49 Al Serd52 45 S¢S A 1R
KA AU S s 1E R IX 4 2 A BAE A #3X> Aromatic polyketide {41775 148 B %)
NS3 fif el A IR 4G e ) (K 4B).

2) Dimeric Terrestrols (MNPD001354): sk E A} %5 T 2008 4 M F 14 75 55 B
SEARRNRE, HAAFEMRES N- (4-H 43 BB SRR, (R4 G R

(- 6.821 kcal/mob) o H 2RI 1) PUANFR LI 8 5 VAR SRR 1 2 B4R (A Glud13 AT Serd52
&) e EsE (EEEIEE N 2.76 ~ 3.13 A);| iX 5 Aromatic polyketides #124 (1 4C), {H
H T BKAE X R AL A ZRIN, S8 M TME RS, Xt R e EREIT
Aromatic polyketides [FJAR A< 5 [ .

3 ) 6-(Methylamino)-3,7-dihydro-2H-purin-2-one  ( MNPD005912 ) : ®] LL & fif /&
2-hydroxy-6-methyl aminopurine fJHAZ ek, AL GHIFE 148 B MG ReEIEL 148 A 2
UF 1.6 keal molto T3 BA ULAL A4 AT LGP PEL A & B 1148 B AR 148 Ao IR & 58
T T ERUN B AR R e 5 148 B oG HLAR ST BV SRR (10 Thrad9 A1l His288
) WA B A REEIER] (K 4D), mimiid 148 A I =ANEEE. A, N BT H
PEEIERR Trpa87 g5 4T FL /N JCIRAEAE Pi-Pi HERE o 3 th i e LA 45 A7 s i 1
WAJER . Mitk&4 4,5-dibromopyrrole-2-carbonamide (4114 4E: MNPD000526) B HA 7%
HEMEER, EHT Br KRTrZ25BRABMR RS, ik, Haaas T
6-(methylamino)-3,7-dihydro-2H-purin-2-one; i R-allantoin k54 (& 4F: MNPDO001587)
BARREA SRS R S AKRE ST, BRD TRA T EMEHD THRRBUN, ToiEig K Tk E 5
FRAH ELAE I IORREE, X2 e 45 e 38 IO A i 5 A

gib, M4% B MERURIESS R OS5 &M B R R S 1 5 2R B g
Al [FIES 48 B M ORJE TREER AN, Fit, TERNS TERBRBCRM T IEE: X



e BB R A PRI 48 A R REHI T
2.3 HEALES YR ADMET TS5 24

Bt BIR 10 AN RSRF=HEAT 230U, e, AR HEMERIEEE (ADMET)
MBAHT (R Do GERERH: KAWL B & TR FRER, W2t $Um pL
25T (donor HB. acceptHB. SASA J% PSA £5). ZiWARthe 1) vEr#tmetab. 25435
W U BE 71 VF v QPPCaco LA K 24 ¥ 0» JIE % 14 QPIogHERG %% ; {H Divanchrobactin
(MNPD001378) MpZithfi %, A =4y fEn; HIE Tauk, sk S2uk
%, ELAEAUIEAR P v] B8R AR ROBE, T RIGUSCR A 3K, BLAR B AR AR L Hh & 5 1
15 A, EMEZNERE R A BN E Y. 4S8 B iif k&4 MNPD001827 A
A HERG K+ ST (¥ WUz, AT REHA — & B0 IS5 1% . MNPDO001587 ) QPPCaco A I
T 25, WiRERZMEMAL mIER R AL . 15 4ARAMEEY) MNPD000526 5
MNPD004936 ) i W IS 45 R #81R 47 (QPPCaco > 500, I tHBR B ATTNF I F 11 R W Wi JiE

(80.26%5 89.29%) 1EAHK.
R LRI R E VA

Tab. 1 Prediction and Evaluation of the {druggability of marine natural products

Donor QPlogP
s #stars #rotor SASA accptHB QPlogS
HB olw
Normal 0~5 0~15 300~1000 0~6 220 -2~6.5 -6.5~0.5

MNPD001378 13 28 1157.932 12 16.7 -0.672 -3.635
MNPDO005219 2 10 672.983 6 45 3.578 -5.376
MNPDO000865 0 6 510.297 4 5.7 0.509 -2.553
MNPD002933 0 3 592.282 1 6.5 2.091 -4.245
MNPDO004711 0 0 414.265 4 6 -0.505 -2.215
MNPDO000958 0 2 358.332 3 4 -0.163 -1.713
MNPDO001827 0 8 602.368 4 9.05 0.658 -2.988
MNPD001354 0 8 524.507 4 4.7 1.458 -2.871
MNPDO005912 1 1 356.514 3 55 -0.372 -1.64
MNPD000526 0 1 348.252 3 25 0.824 -1.988
MNPD001587 5 1 294.822 3.25 3.75 -2.018 0.186
MNPDO004936 0 2 387.476 2 4.15 1.01 -1.772

. QPlog QPlog PercentHuman .

i QPPCaco #metab ] PSA RuleOfFive
HERG Khsa OralAbsorption
Normal >-5 >25 1-8 -1.5~15 % 7~200

MNPD001378 -2.98 0.001 11 -1.523 0 436.981 3
MNPD005219 -4.72 37.544 8 0.226 50.16 129.061 2
MNPDO000865  -4.541 119.313 4 -0.493 67.096 106.046 0
MNPD002933  -4.138 241.515 5 0.119 81.838 112.935 0




MNPD004711  -3.328 59.594
MNPD000958  -3.518 242.506
MNPD001827  -5.009 168.555 -0.563 70.65 108.679
MNPD001354  -4.876 166.488 -0.367 75.241 90.482

1 -0.447 55.763 137.056

1

6

7
MNPD005912 -3.42 189.898 0 -0.705 65.548 96.338

1

2

1

-0.658 68.674 87.939

MNPD000526  -3.334 511.874 -0.579 80.26 67.233
MNPD001587  -0.726 18.219 -1.046 37.69 145.507
MNPD004936  -2.467 1422.403 -0.386 89.293 50.86
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Virtual screening and druggability prediction of
Marine natural product library targeted by NS3

helicase of “Zika virus

ZENG Zhiping

(Fujian Provincial Key Laboratory of Innovative Drug Target Research, School of Pharmaceutical
Science, Xiamen University, Xiamen 361102, China)

Abstract: Since the outbreak of Zika virus disease in Brazil and other South America in 2015, it
has become a concerned issue affecting global public health, but there is still no FDA-approved
drug to treat Zika virus disease until now. According to the novel two binding sites of NS3
helicase, our established marine natural products were docked into each binding site respectively
by Glide. Virtual screening results show that Divanchrobactin, Bromophenol, 2 - hydroxy - 1
'methylzeatin, Garveatin E, aromatic polyketides, dimeric terrestrols .etc could have a good
binding pattern towards NS3 helicase and hence could be developed as a potential hit for the
treatment of Zika virus disease. Meanwhile, the ADMET prediction module in the Schrodinger
software set was used to carry out a preliminary evaluation of the druggability of our selected
marine compounds, and it was found that all the compounds could satisfy the basic requirements
of drug property except Divanchrobactin, which provided a theoretical basis for the later
experimental verification.

Keywords: Zika virus disease; NS3 helicase; marine natural product; virtual screening; ADMET
prediction module



R S1 NS3 i fiehie 48 A SHEE R IR0 e 1) RE FOUTS 6 f e 4 R

Tab. S1 Virtual screening and docking results of marine natural products towards binding Site A of NS3 helicase

Entry ID RS 4 CAS =5 451 ¥R SFE diERed MEAERNEIERRL P SRR
1 MNPD001378 Divanchrobactin 1233718 HoN_NH HNS e C32H44N10013 776 -9.866 Ser365, Arg367, Leu430, marine
165 R o lled41, Leudd2, Aladd3, bacterium
B H H
Q@TN]*OXN I NJ\@OH Met595, Asn568, Thr570, Vibrio sp.
L 116571, Met572, GIu573, DS40M4[22
Asp574, Cys600, Ser601;
2 MNPD005219 Bromophenol 503609- O oH C20H13Brs0s 743 -6.661 Leud42, Arg439, the Red Alga
18- HOBB' Q B”OH Asn568, Thr570, 116571, Rhodomela
H o br Met572, Met595, Ala597, confervoides!#]
Cys600, Ser601;
3 MNPDO000865  2-hydroxy-1'methylzeatin ~ 137592- Ng(?“/ﬁ CuHi1sNsO2 249 -6.800 Leud42, green algal?6: 271
13-3 J\vL (e Thr570, le571, Met572,
Ala597, Cys600, Ser601;
4 MNPDO002933 Garveatin E 873536~ H C20H200s 340 -5.211 lled441, Arg439, Northeastern
71-1 T Asn568, Asn569, Thr570, Pacific Marine
11e571, Met572, Met595, Hydroid
Ala597, Cys600, Ser601; GarWeia
annulatal3?
5 MNPDO000958  2-hydroxy-6-methylamino  24391-3 \)““i CsH7NsO 165 -4.710 Thr570, 11e571, Met572, green algae and
purine 5-3 HO)N\<N> ? Met595, Ala597, Ser601; blue corall?”]
6 SiteA-1 9H-purine-2,6-diamine e CsHsNs 150.1 -4.691 Thr570, 1le571, Met572,

N
N\\>

HoN~ NN

Met595;

VE: a. XG5 AR Glide XP #T40H, H4A14 keal/mols b. R A 52545 45436 A 3 A I EUBE R I Bk 5L .
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Tab. S2 Virtual screening and docking results of marine natural products towards binding Site B of NS3 helicase

Entry 1D TS ey i CAS 5 a2 ¥y ATE AR FHELAE F AR IR IR R AL © K
MNPD001827 aromatic polyketides 1084953 oH o on His288, Thr290, Thr318, Pro320, marine-derived
HO, =
-68-3 OH Asp410, Cys429, Val448, Thrd49, fungus,
(>‘/ C17H200 )
7 o o 336 -8.401 Ala451, Serd52, GIn455, Asp48l, Aspergillus
7
His484, His486, Trp487, Glu511, glaucus!?®!
Lys514
1005338 onro. I His288, Pro320, Asp410, Glu4l3,  Marine-Derived
o -77-1 Ho/©&ov\©\cm C14H13C Cys429, Val448, Thrd49, Ala451, Fungus
8 MNPD001354 dimeric terrestrols 296 -6.821 o
105 Ser452, Argd56, Asp48l, Trp487, Penicillium
His484 terrestrel?”]
. . 2439 “NH Ala287, His288, Thr290, Arg298, green algae and
6-(methylamino)-3,7-dihy H SsH7Ns
9 MNPD005912 . 1-35-3 N, 165 -6.336 Pro320, Thr449, Ala451, Asp48l, blue coral?”
dro-2H-purin-2-one OZ\N N 6]
H Trp487, Lys514
] 34649-2 o] His288, Arg298, Thr290, Pro320, The sponge S.
4,5-dibromopyrrole-2-car CsH4Br2
10 MNPD000526 . 0-2 Br q NH 266 -6.186 Thrd49, Alad51, Serd52, Asp48l, massals!l
bonamide H N20
Br Trp487, Glu511, Lys514
7303-80 o His288, Thr290, Pro320, Gly321, the seacoastal
_ HN 0 CsHeNa .
11 MNPDO001587 R-allantoin -2 o:/\N L o 158 -5.670 Thr449, Alad51, Serd52, Asp48l, plant Mertensia
N~ NH 3
H H ’ Trp487, Lys514 maritimal2
12 Pocket B-3 N-(4-chlorophenethyl) Bl CoH12ClI His288, Thr290, Pro320, Cys429,
hydrazinecarbothioamide NsS 229.0 -5.070  Leu430, Lys431, Thr449, Ala451,

Serd52, His484, Trp487, Glu511

VE: a. XG5 AR Glide XP #T40H, H4A14 keal/mol; b. A 52545 45436 A 3 A I EUBE R I Bk 5L .





