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Research Progress on the function of picornavirus 3C protein
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Abstract: The picornaviridae is the smallest group of RNA virus, which can cause human and animal diseases. The 3C pro-

tein is an important non-structural protein of the picornavirus. This paper reviews recent advances in 3C proteins, including the

functions of promoting viral replication, affecting apoptosis and evading host immune response, which provides a theoretical

basis and a new solution for the prevention and control of picornavirus infection.
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1.1 /N RNA JE#EEEA 254 /N RNA J 5 B 3
[K2H 4 B TE 4% RNAL K/NR 6.7~10.1 kb, 5 2 i
R 5 BROE . 0w R A B, e 3 K e O AR 4
FE L /N RNA 7 35 3k D5 41 45 40 5 B AR <7 A 4 5
JE 4 X (5'-noncoding region,5’-NCR) Tk [ 132
FE 3" HE 4 i1 X (3'-NCR) #l 3" %5 f) polyA B, 5'-
NCR & 24 RNA 5o, Hrp — %
(9 G045 K T A S 9 EB A% B R 1 A7 5 (Internal
ribosome entry site, IRES), IRES = M- ¥ 2% #4 5 4
JiL AR A B S AR S A R S 3l A R I A
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EERM . HEAFEXMUEDFHIAZE . HE 330006

(O BHE . e B A R A O R ) B A A4S 3 AR 4, A
Bk P1IX P2 XA P3 X, Pl X B3N TEE
AR 1 VPL. VP2, VP3 Fl VP4, 41 B 5 1Y A<
FELERY . P2 X FN P3 X 43 B0 N TR AR 245 1) 2
F 2A.2B.2C A& 3A.3B.3C.3D, Hi,2A HH
M3CHEAM NS 5WEEAMBTY., 3'-NCR M
I3 B 1 B2 IR AR C, 3 56 Y polyA B S 5 8 1)
SRR

1.2 H U/ RNAJR#EMBURTE /N RNA JHER
45 35 A& .80 AT . £/ RNA 5 8 1] 5] i
PNCIEZIE 70N R TN AN BTN SN = 7B = i s i 4
. H HET A W TIRI7 . # Wi/
RNA WHEATE B 71 8 (Enterovirus 71,EV-
7D iR EE D68 B (Enterovirus D68, EV-D68) |
] 5% 23 9% 7 (Coxsackievirus, CV) B 58 K Jii & 75 7
(Poliovirus, PV) | I B JIf 48 95 B ( Hepatitis A vi-
rus, HAV) . 2% # (Human rhinovirus, HRV) . [
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B #E % 7 (Foot-and-mouth disease virus, FMDV) |
Jii .0 UL 4 98 FF (Encephalomyocarditis virus, EM-
CV) &, EV-71,CV-A2,CV-A16,CV-A6 Ml CV-
A0 Af S B0k AR B 80E L E BT 2 HE
FL 2 | R B ™ 0 I PRI IR 20 T T M A A L
GV JRR AN Bl 220 R SR LA RS, CV-BA W]
FIE B A LWL T BUBE PRI LA B b 28 M e it
EV-D68 n] 5] 2 it 3 Fl Y A 28 10 38 2 % 1Y It
15, EMCV A5 3 & 0 LR g F BRI
() 2 AL e , FMDV Al S804 2 45 gh ) 11 5 2 1)
B R UAT XA A 7 3 B R A P R,

2 /INRNAREICEAWEW

/N RNA S8R 3C SR HAL & 175~253 & A
B2, R/ 19~28 kD, 3C 2K H 4 22 & MR 5 H B A
ok SR B B R O — K. VR Oh 2 R AR
3C H B ML =Bk Cys-His-Glu/Asp™ , 1E
2 e AR AR L 3C 8 A SR IE L3R Gly-
X-Cys-Gly" . ¥L4F3k ., ZFi/N RNA % 41 HRV,
PV . HAV %1 3C # [ f iR Z5 1 R, 3C H H AR
HAT AR 0 L6 4% B2 1) P47 5 A8 )81 &2 29 90°
(49 B-AIR (B-barreD) 45 #4) 38 , — > 25 1 $a 2 [ ZE i 1y
— S GRS E R vk
TG BB FRAR G5 A8 S TIRAG 0 05 B BT & (B
ribbon) . B X} JiK ¥ 1Y 45 5 R TR0 2L A AR
(W 1), W5 % HRV,PV,HAV FMDV H 3C
HEM A& N EWE ., M EV-71 h 3C FEHW
B-Yr S —F I 4 L F B 4T & ALK Y Gly-123
M His-133 #H%& B-4r 8 m 21",
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1 EV-71 By 3C ZEAZ&HM
Fig.1 Structure of EV-71 3Cprot'-

3 /M RNARE ICEBRINAEE
AR X T/ RNA %7 3C & P IFIE £,

ZE NS 5WERTRE AR 5T Y], 502 3R
RIS 240 LU T LA R b ke G 8 N 2R A DDA G

3.0 RS BT A SERNANRE 2
Joa FE OB T 1 E A MR S L B B B . BER R B
3C HEH W MR Z P& [0 poly-A 45 & & 1 (poly
(A)-binding protein, PABP) . 3y #% A T I & IR f1 45
Z k% (Splicing factor proline and glutamine rich,
SFPQ) . % H # ¥ R (protein kinase R, PKR) 4§,
TS B 6 7 R S 2 AN A Y . Sun EHESY
FWIHE FF 5 7 (duck hepatitis A virus, DHAV)
f 3C 2 17T 24 /% PABP & [1h Q367 Fil G368 2
B8] 1) 45 S PR 8, PABP R 19 241 o N s 7 BRI
C it v Bt » N i i Be A 7E R T DHAV By & i, 1
C I J B AR AH 2 . C o |y BE 19 1) e 4 240 A Jor 411
il B HLH v R IE A . Kobayashi S8 B 58 45 5 /R
EMCV (% 3C 1 Al 2% PABP & A H1y Q437
G438 Z ] By Ff S P 1, R E— A N 3 45 kD Y
HRPE NG 7 B 0 A0 b R AR R R R
1M >4 PABP 09 2452 2 R B, 0% 75 09 52 1 9] 52
g, Wk, EMCV 1y 3C & 11 7] i o 24 fig
PABP i f¢ ¥t 5 8 &2 #11'% , #4h, Dylan ZE 8158 &
/8 HRV 1y 3C/3CD n] ¢ SFPQ., ilii SFPQ /K fiff A
By 7= 2k S SO 5 R L KO B ORL R 3 20
Chang % A& 8 EV-71 J& Y 15 £ B, 3C i i 2
PKR 58 T8 M2 H" . Yao 55 & BUM K % g
g 2545 EV-71 3C & H A PR 0 A7 50 DA T 4 i) HL
Tk DL R 18 32 1A 9 B 2 52 ) # DT e 3R
il B & i B HLHI AT RE S 3C R MR A
3.2 WM T R E EE A S E8E £
Yiff AT, WESE R BN RNA G5 3C B H
A I TS 2 e R A B (caspase) 16 P, 22 % PinX1
HHA . EEBFR LG T (cukaryotic translation in-
itiation factor 4GI,elFAGD FIAZ A AH H./E FH & A 3%
fif 1 ( Receptor-interacting protein kinase-1,
RIPKD P4 40 i 8 -1, Li S 0F 50 45 R Bon .
AR EV-T1 (4 3C B AR, 41 L1 DNA K
B RN R MR A B R A OB R A& B (poly (ADP-ri-
bose) polymerase, PARP) 24 f# 1 I =0 & 4= 1=,
Horp ,PARP ZUfit & caspase #E I 145 S rEdn s,
UEHH 3C 11 AT ¥ IE caspase i S 40 i 0H o0
Song %F & M EV-71 B fm £/, 3C HATH
caspase -8,9 A HAE H M & T& caspase-3 LT,
M 3C KR FEKMBIEMER AIIE caspase -8,9 H 1 IH T
WA, 40 i 9 T W3 898 T . Chau %5 & B CV-B3
i) 3C HE AL 15 T A0 ML eIFAGT, S B4 il i
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b AR 52 BN e A A A S A A5 X
Mg T Li SRR SR R EV-71 B i A 4h i
B, 3C & M2 f# PinX1 & A Q50-G51 4% 5+
PEOL A, PinX1 R IKFEAR AT (8 40 i) DNA $5 45 , 3% fin
AL T B A 5 B RO R B /& L Sarah 5
KM HRV-16 1Y) 3C & [ Ml caspase 8 fg 2 fift /1 7E
JAT R A 0 ¢ B b e AR, B RTPKT, = % 2 i
RIPK1 M 55 AT BE R [A] , caspase 8 2 fi# RIPK1
PR —A> 38 kD A A I 40D A L O T T
3C HHME— 2 38 kD 92K H ™ 4 C K ¥ 23
kD 9 R Be A T T R R,
3.3 kSRR R E 518 R sh
B RPENZ W= F I E (interferon, IFN) Fl 5o 2
PRI~ IR A % T 25 300 ok — 2 55 g 36k [] A7 f 92
NE R bR, BRI 3C @ Ml IFN Ay 7=
A R 55 R F-e BONF-B) 3 [ 396 3 H0 328 17 22 (&
2). Rui %#F58 % B CV-A6,CV-Al6 ., fil EV-D68
/N RNA i 7 L 40 M, 3C SR R 5 MR B R o)
Ak # 5% £ H (Melanoma differentiation-associated
gene 5, MDAS) | 4 H iR iF5 5 3 [H-1(Retinoic acid-
inducible gene I, RIG-D 1 HAEH . 838 T RIG-T Al
MADS 53 # T i 2R K 5T 2 15 5 4 1 (mito-
chondrial antiviral signaling protein, MAVS) Ay 4k
o NI MDAS \RIG-T 459 TEN T #7432 5]
k. 3C L AT 0] IRF3 (14 B FR £k . A i 410 ol
IEN TR, Lei 8 ERY EV-71 19 3C
H5 RIG-T 8 N st B AR, M RIG-T 5 MAVS
EREEY . FE3C EHAS B THER TIR 545
5 # # H ( TIR-domain-containing adaptor indu-
cing interferon-8, TRIF) A H.AEH G 1S TRIF %
fift,3C 2 134 ] B H 2 f# IRF7 Q189 Ml S190 Z ]
7 2 e 2 DR IR AR TEN T 7=
NF-«B i 0 T 15 2 HR BT 2 18 et 28 5C 5
B, TR S A AT E S NF-«B i g R
BUA = A= 008 3 AH DG Y S 2 IR~ S 4L B 7. 3C
] aE O 2 TRAF 0% 5 5 Ab AR KR 7 3 1
(transforming growth factor-Bactivating kinase 1,
TAK1D) . TRIF . NF-«B #H ¢ # % A F (TRAF fami-
ly member-associated NF-kB activator, TANK) #Ji
il NF-«B il #% 6 ¥, Lei 8158 & B EV-71 19 3C
HEHHM TAKL. TAKL 4545 %M 1(TAKI binding
protein 1, TAB1),TAB2 fl TAB3, B3k TAK1 5
TABL.TAB2 1 TAB3 JE W &%, il TAK
1 5 & YR NF-«B il 5 19 8 06 Fa i 5 i
AR Xiang FEHFFE R BIAE EV-D68 Ay 21 e

AR 3C & AT 24 TRIF A9 312 F1 653 i 14
1M 530 TRIF K36 . 2836 1) TRIF M X} NF-«B i
O e 2 A S T . Huang 5§
AW EMCV &8 3C e TANK HEH M
197 1 291 2 & WERE 7 &5 . TANK Bl TRAF %Kik
5 NF-«B #3236 K F (TRAF family member-as-
sociated NF-kB activator, TANK), /& NF-«B [ 3¢
RPN T, 3C HAXT TANK Ay 2 i 081X A i
HIVEH , AT TRAF-6 4 S 19 NF-«B 8 H 19 34
T B —FBT 19 /N RNA g 7 8 8% 5 3 4 058 10 5K
gL R E 22, /N RNA 5 5 1 3C 2 1 0k e
R R T S 2 % 3C BB IS BE R R A B
Tk — A B /N RNA 5 75 19 B0 HLE .

2 /NRNAREICEAEEEBEEEHILH

Fig.2 Mechanisms of picornavirus 3C protein regulate the

immune response

4 R E
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