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Fig. 1 Establishment of screening model targeting 3C"™

(a) Schematic diagram of 3C™-mYFP screening model. (b, ¢) Fluorescence signal assay by fluorescence microscope and microplate reader.
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Fig. 2 Identification of 3C inhibitors by high-throughput screening (HTS) Assay

26 compounds, numbering from / to 26, showed potential inhibition on 3C protease activity. mYFP, the fluorescence signal of mYFP in absence of

3C™, was set as 1.
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Fig. 3 Antiviral activity assay of the small molecular compounds

(a) DMSO or the small molecular compounds (numbering /-26) were individually added to the medium after virus infection. Viral titer was determined

by plaque assay. (b) Plaque formation of the compounds No.3 and No.8.
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Gene

Virus name  type Amino acid sequences
90 S0 60 70 80 20 100 110 120 130 240 150
CVA4 »m-zsqmxnmsuv:ltmvmvnsQevm.smwnmnzxmnmps. 1SS SDATLVINTEHMPSMEV PVGDVVQY GFLNLS GRPTHRTMMYNEFPTRAGQCGGVVT
CVA10 'RESQEGRTIWVEHRLYNWLDAVELVDE QGVNLE LTLVTLDTNERERDTRFI PEST SEA SDATLVINTEHMPSMEV PVGDVVQY GELNLS GRPTHRTMMYN FPTRAGQRCGGVVT
CAV16/G10 'RESQEGRTIWVEHRLENILDAVELVDEQGVNLE LTLVTLDTNERFRD I TREI PERT S SDATLVINTEHMPSMEV PVGDVVQY GFLNLS GRPTHRTMMYN FPTRAGRCGGVV'T
CVAL6/Kor08 'RESQPGETIWVEH DAVELVDEQGVNLELTLVILDINERERDJTRF1PERT[RGp SDATLVIN TEHMPSMEV VG DVVQY GFLNLS GKP THRTMMYNFETRAGQCGGVVT
CVA16/VNM9.1/2014 'RESQPGRTIWVEH) DAVELVDEQGVNLELTLVILDINERFRDMTRFIPERI BEASDATL INTERMPSMEV VG DVVQY GFLNLS GKPTHRTMMYN FETRAGQCGGVVT

CVA6 'RHSQPGKTIWVEHRLVNILDAVELVDEQGVN’LELTL'ILDTNEKE‘RDITKFIPB ISERSDATLVINTEHMPSMFVPVGDVVQYGFLNLSGKPTHRTMMYNFPTRAGQCGGVVT
'‘RESQPGKTIWVEH! DAVELVDBQGVH’LELTLVTLDTNERE‘RDITKEIP 1 SDATLV!NTEH.PSME‘VPVGDVVQYGE'LNLSGKPTHRTMMYNFP’EB@QCGGWT

Nagoya p; 'RHSQPGRTIWVEHKLVEILDAVELVDEQGVNLELTLVTLDTNERFRDITRFIPERISEASDATLVINTEHMPSMFVEVGDVVQYGFLNLSGKPTHRTMMYN FPTRAGQCGGVVT
MS/7423/87 B2 'RHSQPGKTIWVEHKLVNILDAEELVDEQGVNLELTLVILDINEKFRDITKE‘IPE ISSASDATLVINTEEMPSMFVPVGDVVQYGFLNLSGKPTHRTMMYNFPTRAGQCGGVVT
5666/sn/002209 B4 'RESQPGRTIWVEHKLVNILDAVELVDEQGVNLELTLVTL! KFRDITKFIPERISSASDATLVINTEEMPSMFVPVGDVVQYGFLNLSGKPTHRTMMYNFPTRAGQCGGVVT
5511-SIN-00 Bs 'R PGRTIWVEHKLVNILD; LVDEQGVNLELTLVILDTNEKFRDITRFIPERI SEASDATLVINTEEMPSMFVPVGDVVQY GFLNLS GKPTHRTMMYN FPTRAGQCGGVVT
S19841/SAR/03 B5 'R PGKTIH’VEHKLMD LVDEQGVNLELTLVILDTNERFRDITRFIPERI SEASDATLVINTEEMPSMFVPVGDVVQY GFLNLS GKPTHRTMMYN FPTRAGQCGGVVT
3799-SIN-98 B3 'RHSQPGRTIWVEHKLVNILDAVELVDEQGVNLELTLETLDINEKFRDITKFIPESISERSDATLVINTERMPSMFVEVGDVVQYGFLNLSGKPTHRTMMYNFPTRAGQCGGVVT
SAR/SHAG6 B3 'RESQPGRTIWVEHKLVNILDAVELVDEQGVNLELTLETLDTNERFRDITKFIPESISERMSDATLVINTERMPSMEVEVGDVVQYGFLNLSGRPTHRIMMYNFPTRKAGQCGGVVT
SHZH98 C4b 'RHSQPGRTIWVEHKLVNILDAVELVDEQGVNLELTLETLDTNEKFRDITRFIPEST S SDATLVINTEHMPHdPVP’VGDlVQYG!LNLSGKPTFsTHMYNE‘P’EKAGQCGGWT
4643-TW98 (2 'RHSQPGKTIWVEHKLV| IEAWLVDEQGVN’LELTLVTLMNEKE‘RDI;FIPE ISIgASDATLVINTEEMPSMFVPVGDVVQYGFLNLSGKPTHRTMMYNFPTRAGQCGGVVT

Tainan/5746/98 C2 'RESQPGRTIWVEHKLVEIMDAVELVDEQGVNLELTLVTLDTNERFRDIGRFIPERT SEA SDATLVINTEHMPSMEVEVGDVVQY GFLNLS GRPTHRTMMYN FPTRAGQCGGVVT|
804/NO/03 Cl IRHSQPGRTIWVEHRLVEIMDAVELVDEQGVNLELTLVILDINERFRDITRFIPE]

-

SR SDATLVINTEHMPSMEV EVGDVVQY GFLNLS GRPTHRTMMYN FPTRAGQCGGVVT)
1M-AUS-1200 Cl 'RESQPGRTIWVEHKLVEIMDAVELVDEQGVNLELTLVILDINEKFRDITKFIPE]

-

SEASDATLVINTEEMPSMEVPVGDVVQY GFLNLS GRPTHRTMMYN FPTKAGQCGGVVT)
SDATLVINTEHEMPSMEVPVGDVVQYGFLNLS GKPTHRTMMYN FPTRAGQCGGVVT)

03KOR-00 C3 'RHSQPGRTIWVEHKLVRIMDAVELVDEQGVNLELTLVTL! KFRDITRFIPERI SiZA
06-KOR-00 (3 'RHSQPGKTIWVEHRLVEIMDAVELEDEQGVNLELTLVTL! KFRDITRFIPERI SIgASDATLVINTEEMPSMFVPVGDVVQYGFLNLSGKPTHRTMMYN FPTRAGQCGGVV T
E2005125-TW (5 'RESQPGRTIWVEHRLVEINMDAVELEDEQGVNLELTLVTL! REFRDITRFIPERI SiZA SDATLVINTEHMPSMFVPVGDVVQY GFLNLS GKRPTHRTMMYN FPTRAGQCGGVV T

FY17/08-8/AH/CHN/2008 (C4a 'RHSQPGRTIWEEHKLVNELDAVELVDEQGVNLELTLETLDINEKFRDITKFIPENI SHASDATLVINTERMPSMEVPVGDVVQY GELNLS GKPTHRTMMYNFPTRAGQCGGVVT
G333-972F/HeN/CHN/2009 C4a 'RESQPGRTIWEEHKLVNELDAVELVDEQGVNLELTLETLDTNEKFRDITKFIPENI SEASDATLVINTEEMPSMEVPVGDVVQY GFLNLS GRPTHRTMMYN FPTKAGQCGGVVT
SHAPHO695F/SH/CHN/10 C4a 'RESQPGRTIWEEHKLVNNLDAVELVDEQGVNLELTLETLDTNEKFRD ITKFIPENI SMASDATLVINTEEMPSMFVPVGDVVQY GFLNLS GKPTHRTMMYN FPTRAGQCGGVVT
35/)ingdezhen/China/2011 C4a 'RESQPGRTIWEEHKLVNNLDAVELVDEQGVNLELTLVTLDTNEKFRDITKFIPENI SMASDATLVINTEEMPSMEVPVGDVVQY GFLNLS GRPTHRTMMYN FPTRAGQCGGVVT
MZ/GD/2013 Cda 'RXSQPGKTIW.EHKJNN.LDA'ELV@GVN’LiLTL\_FILDIN‘ERPRDITKFIPE!I S SDATLVINTEHHPSHFVWGDVVQYGFLN‘LSGKPTHRTHHYNFP‘ZRAG%GGWT

Fig. 4 The amino acid sequence alignment of 3C™ of enterovirus
A : Catalytic sites of 3C™, H41, E71, C147. Residues in black are highly conserved. Block of similar residues are shadowed in blue. Weakly similar

residues are shadowed in red.

JEHUR GBI R Y N B C i 43 ) Rl 3Rk AH
HAERBIKE A KB B, FHAEFEIEAN 3C EH
A ORI E A U SIS FE R R . 2% i S
ST 3C H Pl T ) P X AT AR AR TR PR [ A B R
7%, SR, X LERERYNTT 254 & 4 1) e
IR, AR B IA B & B SE e AR .
TR AR A5 e R B AR SR B AR Y BB A | A R AR A
FER S FERT K B

SR TE A, CHEEH T &
PR RS A MR, AT UK H I PR B 22 24
VIR R ERE . AL I L) EVT1 3C-mYFP
HRIERG, @8EFR. BAMK. AR T 3c
T AP PR . BRATLE 20 K 5E R 26 000
ZRWEYRIVIE TRk, xR SEER AL
EYNEAT ZIRHAE, 133 26 AN ESNH] 3C iE 1
Ftb &9, HREXRCEMBEMNERIL, 10 19
SUEYR AT T M E R ER R T4 H
Pot, Wt — DX 26 kA AT BUIE R EE
PERTIN . @ B R B AR, AT S BRI A,
R A 2 N0 E Py S AE — 8 72 B B Re 4 )
EV71 R H]. A BRI & i m s A Y
BN RSEBRI TR R A 2 R R A
o B I E R VAT SR b P 30 7 L
HIRETE, NiE A A B g e R A TR A 3C
TEPE RN, f R BT 3C 251 BE T JE A

FEREPR BRI R G, BT RER SRS B
WK, FOCEHAAIFAREMISE M mYFP )%t 58
&, I JEIAER R BLZG PN RIP0R 2 D Be, B
et RE A AR R By, 3 A e B R L 4 R
5P e RARE I ZE . BIE, SRR 259
JEVEREAE B . T IX KR B RIS
Y, KA RIRA, R Ad R A s E &
K YFP RIEE IR B R e bn i R 48, 5
AE R KPR LR P 29 B S R AR,
FRPER, R ARZERRETE. 55, A
TR B UL S I B 25T 1R AL 25 W) 07 4 1 0 22
WAL ZREPTE, ARSI SRR A A A
i, [ It Sl 37 B 22 R S A 30 7 7 Ao Y
SRt B

2 % x M

[1] BAEMIPAT. TR OSSR QOL0FRR). HE: LA I 2
JT, 2010 [2017-5-01]. http://www.iiyi.com/d-02-9530.html
Ministry of Health. Hand, Foot and Mouth Disease Diagnosis and
Treatment Guide (2010 edition).China: Ministry of Health, 2010
[2017-5-01]. http://www.iiyi.com/d-02-9530.html

[2] Guan D, Van Der Sanden S, Zeng H, et al. Population dynamics and
genetic diversity of C4 strains of human enterovirus 71 in Mainland
China, 1998-2010. PloS one, 2012, 7(9): e44386

[3] Mathes E F, Oza V, Frieden 17, et al. "Eczema coxsackium" and

unusual cutaneous findings in an enterovirus outbreak. Pediatrics,


http://www.iiyi.com/d-02-9530.html
http://www.iiyi.com/d-02-9530.html

2017; 44 (9)

LR, F: LLEV71 3C™ AEIRMIRE Y IFIERE MR IR 30 L i

*781

2013, 132: ¢149-¢157

[4] &N TR aE 71 B EBE v B R TR R . o B 2 v A 4
¥, 2016(4): 458-464
An Z J. EV71 inactivated vaccine technical guidelines. China
Vaccines and Immunization. 2016(4): 458-464

[5] Kuo CJ, Shie JJ, Fang J M, et al. Design, synthesis, and evaluation
of 3C protease inhibitors as anti-enterovirus 71 agents. Bioorganic
& Medicinal Chemistry, 2008, 16(15): 7388-7398

[6] Weng K F,Li ML, Huing C T, et al. Enterovirus 71 3C protease
cleaves a novel target CstF-64 and inhibits cellular polyadenylation.
PLoS Pathogens, 2009, 5(9): e1000593

[71 Lei X, LiuX, Ma, et al. The 3C protein of enterovirus 71 inhibits
retinoid acid-inducible gene I-mediated interferon regulatory factor
3 activation and type I interferon responses. Journal of Virology,
2010, 84(16): 8051-8061

[8] LeiX, SunZ, Liu X, et al. Cleavage of the adaptor protein TRIF by
enterovirus 71 3C inhibits antiviral responses mediated by Toll-like
receptor 3. Journal of Virology, 2011, 85(17): 8811-8818

[9] Lei X, Han N, Xiao X, et al. Enterovirus 71 3C inhibits cytokine
expression through cleavage of the TAKI/TAB1/TAB2/TAB3
complex. Journal of Virology, 2014, 88(17): 9830-9841

[I0]Li M L, Hsu T A, Chen T C, et al. The 3C protease activity of
enterovirus 71 induces human neural cell apoptosis. Virology,
2002, 293(2): 386-395

[11] VRO, RSN, 2003 il & 25 M) i A A it e ik g b
BT R 2R (R 24 R), 2013, 10-1415-05
Xu Y Y, Chen P H, Wu Y L. Journal of Shanghai Jiaotong
University (Medical Science). 2013, 10-1415-05

[12] Bessaud M, Razafindratsimandresy R, Nougairede A, et dal.
Molecular comparison and evolutionary analyses of VP1 nucleotide
sequences of new African human enterovirus 71 isolates reveal a

wide genetic diversity. PloS One, 2014, 9(3): €90624

[13] Qiu J. Enterovirus 71 infection: a new threat to global public
health?. The Lancet Neurology, 2008, 7(10): 868-869

[14] Mao Q, Wang Y, Shao J, et al. The compatibility of inactivated-
Enterovirus 71 vaccination with Coxsackievirus A16 and Poliovirus
immunizations in humans and animals. Human Vaccines &
Immunotherapeutics, 2015, 11(11): 2723-2733

(151 EEA, 4B, skCW. iR 2 71 BURGLET 2 DRIt
TR 2 S BE W TR I MR 2, 2015, 33(4): 412-414
Wang H J, Zou Y X, Zhang W S. J Huaihai Med, 2015, 33 (4):
412-414

[16] Binford S L, Maldonado F, Brothers M A, et al. Conservation of
amino acids in human rhinovirus 3C protease correlates with
broad-spectrum antiviral activity of rupintrivir, a novel human
rhinovirus 3C protease inhibitor. Antimicrobial Agents and
Chemotherapy, 2005, 49(2): 619-626

[17] De Palma A M, Vliegen I, De Clercq E, et al. Selective inhibitors of
picornavirus replication. Medicinal Research Reviews, 2008, 28(6):
823-884

[18] & ¥fi. B35 TI(EVT1)3C &R [ B 0 ) 77 ) A B e DI REIT 7.
bt BTN, 2014
Si P. Discovery of Enterovirus 71 (EV71) 3C protease inhibitors
and their functional studies. Shanghai: Shanghai Normal
University. 2014

[19] Guo Z, Zhong X, Lin L, et al. A 3C (pro)-dependent
bioluminescence imaging assay for in wivo evaluation of anti-
enterovirus 71 agents. Antiviral Research, 2014, 101: 82-92

[20] Z& 2. LA 18 i 7 71 AL 3C 2R 11 g A 8 AT 24 4 0 L S 2R 1
BEAL R P TEIR[D]. B i RITTE R, 2011
Qin X Y. Establishment of Drug Screening Model Targeting
Enterovirus 71 3C Protease and Screening of Drugs[D]. Qufu: Qufu
Normal University, 2011



+782¢ EMUFEEYYEHRE Prog. Biochem. Biophys. 2017; 44 (9)

Establishment and Application of High-throughput Screening
Model for Antiviral Agents Targeting EV71 3C™

ZENG Shi-Nuan”, LI Qian-Wen", PAN Ting", MENG Xiao-Bin?, HUANG Qing-Yuan®, GUO Xue-Min""
(" Insitute of Human Virus Research, Zhongshan School of Medical, Sun-Yet Sen University, Guangzhou 510080, China;
? Meizhou People's Hospital, Meizhou 514031, China)

Abstract Enterovirus 71 (EV71) is the main causing agent of hand-foot-mouth disease (HFMD), however, the
specific antiviral agents are still not commercially available. In order to find antiviral agents against EV71, a high
throughput drug-screening model targeting EV71 3CP™ was established and a small-molecular compound library
was screened. The virus EV71-MZ was isolated from an HFMD patient, and identified by PCR. A 3C™ recognition
site was inserted into the middle region of YFP open reading frame to generate the mYFP by insertion mutation.
The full length mYFP proteins were observed by fluorescence microscope and the protein level was measured by
using microplate reader in Ex(500 nm)/Em(535 nm). Change of the fluorescence value reflected the degree of the
inhibition on 3CP® activity. A small-molecular compound was screened by using the established screening model in
the high throughput drug screening system, then the antiviral activity of the active compounds was further
evaluated by plaque assay. As a result, mYFP expressed well in 293A cell; the expression of 3C™ reduced the
fluorescence signal remarkably, however, the signal was recovered by adding Rupintrivir, an inhibitor of 3Cr™.
These results indicated that the screening model targeting 3CM™ was established successfully. 26 of 26 000
compounds significantly reverted the fluorescence signal of the mYFP in the presence of 3C™; noticeably, two of
the 26 compounds, i.e. numbering 3 and 8, exhibited strong antiviral activity by plaque assay. All together,
3C-mYFP co-expression system is an optimized and effective screening method for high-throughput screening of
anti-EV71 3C drugs.

Key words hand foot and mouth disease (HFMD), enterovirus 71, 3C protease, high throughput-screening,
antiviral drugs
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