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Abstract: Human enterovirus 71 (EV71) is one of the major etiological agents for the hand, foot, and month

disease (HFMD) and is causing frequent, widespread occurrence in the mainland of China. The single positive-

stranded RNA genome of EV71 is translated into a single polyprotein which is autocleavaged into structural and

nonstructural proteins. The functions of many nonstructural proteins characterized in the life cycle of virus are

potential targets for blocking viral replication. This article reviews the studies of the structures and functions of

nonstructural proteins of EV71 and the anti-enterovirus 71 drugs targeting on these nonstructural proteins.
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RE PR BB A2 5 SR A 3 40 R AR A DL e At
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Figure 1 Scheme of the enterovirus genome, the polyprotein products and their major functions. A diagrammatic representation of
the enterovirus genome is shown. The 11 mature polypeptides are shown, together with the three main cleavage intermediates. The
main biological functions are included for each polypeptide. UTR: Untranslated region; IRES: Internal ribosome entry site; VPg: Viral

protein genome-linked"”’
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EV71 Y2 5k 1 3 8 1 A i i R 4 e o
T, Nl B A 2A R AR B SRR LG
[Al-¥- eIF4G1 #I1 DNA & & [ PARP [poly (ADP-ribose)
polymerase] 75 FANEIT:; H b elF4G1 & B AW
B mRNA i 45 & 2 & 4K (cap-binding complex
eIF4F) MMV FAT, fE3E mRNA Fl 408 AZ B AV L (1)
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FMFEEAN TSGR EVT1 2A &AM 20K
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Pramigity, HEA p-ArEiih 6 A p-4ra 24
B A B-HT A 2 AT B 4 M7 I 4B AR
WIS A3 P 3C B IR AL 35 PEAT 2k His40.
Glu71 # Cys147, L—VEY)#] GIn-Gly (2% Gln-Ser)
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fil /N RNA 5 15— FF LA 3R 20 i 25 15 (1) 56 48 1k
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I AT BV R A I R = 2 A 5T BT B AT IR 5T 40 A
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M Mcl-1 [ IE R . Mcl-1 (30 S 24 fu i T
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22 2C &R 2C H AW LLEHEE S g i g R
F, RS EHIE A1, 2C HEEAE/N RNA Jid
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329 NEIERIR AL, N-ui 2 5~43 {7 1) 2 SR bk
HAWAE S G e, 456 A0 HEHEE 5 4h o 1) e
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RILN M EE [ 3 (reticulon 3, RTN3) #4615 2C
HAVER, RIG4EWH dsRNA 3E 1 1 B 25 52 1
Bak. Wi 125 RA ST, 1ESE T EVTL il
1F 2C H A N-3 I B 45 A X 5 RTNS [ P4 J5i b9 25 11 1]
JHIX (reticulon homology domain, RHD) #HH.{E .
3 EEMEBS5%E RNAEH

o FE AT AA B (1 P3 i 3C 85 B BT VI ik 3D 2R
Al IR 2h A B 3AVIEE RNA K4 & 8 11 VPg.
3C AN K 2 N2 UikenT A& 1 3AB #13CD.
3.1 3ABABZERA EV71 3A EASH 86 NA LR
BRAE, e MRS G E A, TR RE I G AR P
T 2 20 MR 1 1 A R A P JBIE X A s 2R R AR f I
iz, MR TP % - (interferon-f). IL-6. IL-8
IR G40 Hu st 11 MHC 1 05 TNF 324K 1%
BB 3A B A N-gih— A& SRR 45/, v]
e 5EA-HAMAAHEAERN, ERMEMA NN 2
ot SR SEAAR IR G 638 T 175 1) B RE SR

3AB /N Z IRt A, KM 3A E AL
A R SR A AR B E R, i
3CD HHAE M IFBOE R FIRgEPE; FRg RNA &
HEK LR 3D REM, 5B RNA ZHlE 514,
3AB 241N 3D &AL VPg (3B) KRG
JEMPY . Gangaramani %5 PYHRIE T R AT 28 9 B
(poliovirus) 1] 3AB HA IR AR ISP, WiL5E
AR TR W C-3i (1) 22 N R R KL (VPg, 3B) 72
TREE S PRI YEL T, 3A ARG 7 MR
R 5L 3B () 3B+7) /& 3AB WAEMI 2 T ARG I
(A=
3.2 3B&H 3B HEFEE NN VPg, &A1 224
RIEMIRHE, S5 FE RNA S K4 & HoY3 gaxf {4
F, e VPg IR RN B 05 RNA &2 75 11
) e R IE IR IR, O E S 3 AN E IR 1R
RIRTEHL; VPg B 3D JE Al fh A0 PR R 4k 5 1 A
T RNA & 51400,
3.3 3CD/3D B 3CD HEHAZHIAN 3C & Al
M 3D AWM, HAE OIS A R AR
G HEEYE. 3CD BE SRR RNA 5'-djip = 5 25 1)
(cloverleaf) [JZ5FF 1. 3' UTR. JiaC/EH & Hl ook
(cis-acting replication element, cre) 4ifr. HH cre &
—/N/NERNA K3 (RNA hairpin) HAZ T 2C &
GRS X, & e 75 1E 55 RNA & Beb 35 (6l Cre
(20) 1R Lt “AAACA” FFIAI 2 MNESFIN
“A” J& 3D fiEtkh VPg A EURFFIRIL VPgPU Al
VPgpUpU AR . FHEK TR #E (PV) ZEHFITIE

\n!

B RNA 5 2 2 MBI 5E, Murray S 82 T 5
RNA A FREHIN 4 20 AR @O fifE RNA i
G, @ VPg R, @ VPg REFRML
1E; @ 1E#F RNA &, 156 VPg 54550 # RNA
SUR 3 AZRERZ B . 2C. 3AB I 3CD 4R B
MU LE7E RNA SHINE A E A4, 78 RNA JF
LRSI, 3D FE A M A 11 RNA I, Bl S 3D 2R &
RERIIR 3'-3ii R B A%t T BG4k, BHE 5 A 3 f i
RNA [ H]. Bl 75 RNA RIREH, 3'-5fif 55 1A%
Wiz A E S ERIE R 5-uAz % R 2 A4
ALY cre MM E A E &4 (BFE 3CD) AHE AR
H, VPg JRIFIRIITUh; BB 175k RNA gkt i, #5
B RNA (&5 R A2k, 3D BABHAE 5 =
ELgER) . cre A1 3CD [MAZKiZ R B & AR B, VPg
SRR Z 1L, VPepUpU 5 s RNA 53l 2 4
“A” BRFERCKAE R 5L IEBE RNA 14 a7,
Hr 3CD T VIHI 456 T 3AB f=4: VPg #l 3A,
iR 3D/VPg SHTAR I 45 & Fl/alAE 2 RNA 458, {2
Ht VPg MR RALET ™, EVT71 2C ALK 5
HAth/h RNA 85— 2A —DMRFW cre (20)
RNA JofF, Cf SCHRXE /N RNA 5 10 & T T 45
BB 400 EVT7L ) RNA S RINLHIE A £ 3 —
JE o

EV71 3D & & 462 NEFER LI, &t —A
T RNA ) RNA R 40 (RdRp), H5HAth IE4%
RNA Ji 5 () E HlEg 25 AL, A A By C. D, E.
F 6 NMESFIIFEF (motif), M3 C &4 48 RdRp
DIBEFFAER) GDD ¢ A1); s A4 fy & — H
T8 FEMMESEEMBARAMET “HF7,
P frds (S16-T21). 3845 (S155-E158, R174-A178).
/NE (H113-L130) JERCS BRI RNA 456 1L
SEE S R VAR R SR 2y AR A ARG X V= I T B 7
B 45 Ky AE MY, EVTL 3D R 24 kK
T Mn> R GEE, 75 Mg® FEOE4F N8 i
PEo RSN FIEVERT T4 L W, EVT1 3D 1] LA H
KUK FF A A% 1R RNA VE 514, LA poly (C) #
FEDZH RNA BB S 05 5%, DNA 5140528
dTs 1] LA i L Sy k421,

4 ERATHE EVNl EEMEBRNRRKREAY
(k1)

EV71 1Ay AR i B . A 7e. RNA
Bk, ZREAMY. RNA EH]. 5568 B0k 4
BB R IAT, 251X 564 Ay i B2 10 Th B8 2R 11 4R
A DAAE K 208 s O s 2. HT, B XA
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EV71 29 BOKE R EAE M4 E VP ¥t
&% T pyridyl imidazolidinones 1 pyridazinyl oxime
ethers B A4, X254 5 VPL 5K 1 484
HAEH, Mt 245, diEE VP Rk,
FEAFHT EVTL (10 25 W) BIE 5T B 1T 1) 3 o8 BE 0 DR 0 5
ARGkt A AL g R R s, ELAE M 2 1 B i 78
TR SRBEAE T, BT LA — BP0 F 25 A T HE S
HEERE. HAT, fFhPt EVT1 29058 R SR 2 1
ety E2A 3A. 2A AW 3C SRR 3D

X
RN

41 ERATREEFNESHABREANNBEEAY
3A HEEJE/D RNA e s RS A2 5 8 5
H 2 AR TE & 28 8 [, Enviroxime & 7R 3 DK 14
(benzimidazole) AT EH), /EFIT EVT71 3A 8¢ 3AB,
P F S AR T B, HE 0 FE RNA 16 525
GW5074 & —MERT 3A BAMAN A (Raf-1)
R AE) AN-12-H5 2538101 enviroxime,
eG4 VPL MIEAER, R —RERT
EV71 342 GRS I B i 3 g i 3740,
42 EBEENFIRESSEOMEENNBEAY Wi
JE4E M A 2A 1 3C I 2 R & B BOSGAT)
giRyEE AR A, HErC e 2A E O
ML) Il 2 WEf% (iodoacetamide). Th oK Ik WV fig
(N-ethylmaleimide) &5 % FEAICHT K BT R i 7 2A
B 1 Caspase #1571 41 zZVAD-fmk \ zZIETD.fmk
R B (HRV) FREE259%5 3 (CVB4) 11 2A
HAB, MAEHT EVTL 2A R ARSI KA
g,

3C B I ) 7002 i BY D) 22 JH R 4 Mk

LA (P1-P1Y) Bt A ar i/ 7374l 5,

i1 AGT088 (rupintrivir) 7147 X4 B3 5510 3C 28
RSP, I PR T 9T 45 B W02 S AT 0 B M
RNA 55 8 1046 2 90, SUHI % R FU 48 %,
AG7088 1) P3 P 1 EE A 2 03 o i

5 P2 BEPIERL, [RINAE PSR HE 5 & BT A4,

AN EVTL 3C S ARES T ECso 4 18 nmol-L™,
B WS #E R Y BLEVTL 3C R AR L
975 35 7 902 AT BASR %6 5T EV71 18 3C & 1 Bl e ok 77 2
AP GALA 5 1 DNA &5 4 45 M 30RT L %
WoE 4 R oy S A B B 3C BRI 3 AN DRI
1) A3A-3B-3C-A3D Z I F Bty N-sig il C-di b i 5%
IR, A RN M T30 ) SR AT KA SR [
WP EE IR INENDE N T 46 Fhrb si2h, ks
F) 18 Bl EAG PG R T 2, 0 A i S AR

A 3C Hr B M S R YT T U6 IR I AT 2
R,

4.3 3D REEHHIFIF EV7I 3D EAWLES 5N
T RNA S HIHHT RNA (1) RNA R A, I
Rk TP EVTL 294 DTriP-22, fEH T 3D
BB SE R163, LLEMT T iEw# )8 136
Mewies, 45K R163 MOATRSE, L dnk g i ot
gE LR W R163 BRILA T H AT F 458 (right-hand)
345 (ring finger) 45 HJ3, 045 Ry 00 5 A7 O]
SEBRTE R IE R IR L R163. K167 Ml R174, IXLEf§
PR R IE S RNA Sl #2 b R 2 N
F=EIRAN AR o DTriP-22 2 3 i B ik 4% 4 it
A 3D WA RIS RNA BERIRERh, 7RG
% (multiplicity of infection, MOI) >4 1 GFU/cell i,
I ECs M 0.16 pmol- L™, 4ilHa#E CCso KT 100
umol-L™" P4, #i Hung WS¢ & I 40 = IR
(aurintricarboxylic acid, ATA) i 3D A EE1
SEARE RN G 7E EVTL B S, A 40 s A2
BN (cytopathic effect, CPE) ECso 4 2.9 pmol-L™',
CCso KT 211 pmol- L™,

b B AE FIALEI W6 BT EVTL 259143 141,
Chern Z5PUE B il T HA L EVTL MALG Y
pyrazolo [3, 4-d] pyrimidines, £ ECso 4 0.32~65
umol-L™!, CCsy KT 25 pmol-L™'e RARZGWIB B R T
JURE PR YR, WA (Raoulia australis)
U4 B 1F) raoulic acid HAHL EVT1 i&H:, H ECs /b
T 0.1 pgmL ' BT RUESCIRIGE T Eid A2 M AA
it EVT1 3R 25971, A0 H At AR Tk 4h 40
WIACFIIVEAY, BeAE S8R5k 1, 21 REKR RE R
L EVTL 254, b7 2 RN
5 &

EV71 it 4 EamIEgsmEns5 740
FE IRES /OB, RNA &% 4oy B I vE 2,
MmE EdRm 2 rE Al rizs 5 75 6l
H RNA-8 [ O T 15— 2 52 1) R AH AR
H AR FOHLHI I ANGG 25 UL 0 R g 2 41 20
— PR EE ) R HCOR B AT W B W, AT A BRI
IS

JVE R B 2 A I R P (R AN R BE RS B v B R
TWZPURTAY, OF TN AT TP 25
RT3 B BT T AN IR A TG e B
PEAC I P00 58 24, (RIS IR A7 B o 5 29 P EAT
B, & A 455 2 PO R A R B AL B
EV71 29I B 222548 1y H DLRAT I RS 7 R v 24
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Table 1 Anti-EV71 activity of select compounds. N/R, not reported

Inhibitor Structure ECs0/] umol-L" CCsyo/, pmol-L’l References

Capsid-binding

N| X o /©/Br
BPROZ-194 _ N)LN/\/\/\O 1.552 >50 [43]
s
N-Q
| )—CFs
BPROZ-299 NTS JOL @ N 0.021 >50 [43]
Z N” SN0
s
NI\ o) /@A\N’O\/
BPROZ-101 P N\)_L/N/\/\/\O 0.001 2 >50 [43]

Cl
BPROZ-033 “@ 0 0.008 8 >50 [43]
Z N)LN/\)\/\O
s
O
7 N\

Cl N

<07

,O
—N
o

BTA39 0.001 >4.588 [44]
3A inhibitor
N
LI e
Enviroxime | N 0.15 N/R [47]
N 0=$=0
HO
Br
res
GW5074 / . 6.4 96 [46]
r
L
N
H
S—
N o
AN-12-H5 S /S/:O’(\N O 0.55 78 [48]
oy S/?N
Io; H
3C inhibitor
(@) H
N,
(o] [e]
Rupintrivir \(/\H)LH N O 0.8 N/R [51]
o-N o] 2 o
(j\F

Compound 10b \QVYH NN H 0.018 >25 [50]
H H
(¢} \@ o

3D inhibitor

DTriP22 NV 0.15 >100 [54]
\
/N
\\ CHz
o o0
‘ OH
Aurintricarboxylic acid o | ¢} 2.9 211 [55]
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