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Abstract: African swine fever (ASF) is an acute, hemorrhagic and severe infectious disease caused by
African swine fever virus (ASFV) in domestic or wild pigs, which is characterized by short course, high
fever and hemorrhagic lesions as well as 100% mortality rate of acute infection. So far, there is no
effective vaccine available for ASF. ASFV is alarge, double stranded DNA virus and the only member of
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the Asfarviridae family, Asfivirus genus, which replicates predominantly in the cytoplasm of macrophages.
The genome of ASFV ranges in length from 170 to 193 kb depending on the isolate and contains 150 to
167 open reading frames (ORFs), encoding 150 to 200 proteins. However, only about 50 encoded proteins
are functionally known and most of them are viral structure proteins. In addition to structure proteins,
ASFV aso have afull complement of enzymes and factors or other nonstructural proteins that are involved
in regulation of the viral transcription, viral DNA repair, viral invasion of host cells, and viral-mediated
modification of host cell function and evasion from host defense. In this review, we summarize the current
knowledge of functions of ASFV-encoded proteins and anticipate to provide valuable information for

future study and vaccine devel opment.

Keywords: African swine fever virus, Structural proteins, Non-structural proteins, Viral replication,

Immune evasion

AR P95 (African swine fever, ASF)Z M
Y% B (African swine fever virus, ASFV)EUY S
SR —FarE . . AL Y,
B, KRR MIETR . ASF T 1921 4 A& Tk
B JE I & AP 2 X ; 1957 4FE4% SRR
WA 25 1971 4F H VS RRAE ARSI L
W i e 2 Ul R i 8 22 R e 5 2007 4FA% ARKOIE
PR R IR X, 2017 AEALHE % M % i 4 b
XM, 2018 4F 8 A, FRELELTH LM T LB E
AR RS (11, it i o 8 4 2 4 [ 23 N
iy, BFLE RS E ALY ASFY 2
AR PR FE R P S50 B s A ME— 5, 2
H AT E A ME— ) DNA HUBSR . ASFV B3EH
%y 170-193 kb, A 150-167 A>T ikt el i HE
(Open reading frames, ORFs), #ifi% 150-200 FjitE
P, Hr%) 50 ZRGERENSSE N [FR
ASFV JEIRZH iR 25 DNA 2 i | FE R 4% S A RNA
B, LRI TE A0 T RE AN S 50 S g
HEIRAIARCE AR, SR, HETA 24—
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ASFV EELEME . AR E T LS 50k
10 S AH DG B VDI RE I ST F Tk R EA T 270
1 ASFV XEEHMEH
11 BEREH
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U, S1E EAErgtE . Bom kS s Rk s Ul
K CHITNRER ASFV FEF R 1 - 247 CD2v ., p54.
pl2. p30. pl7 fil p22 2!,

CD2v J& ASFV HMEEER 11 H il — ik 8 2R
11 i ORF EP402R Jit (Xl 45 , t% >l pEP4AO2R,
FEHK/N 45.3KD, ZEFAZRMT T MBI E
TR 3214k CD2, JEHfE 5K, B X AP %
PE BRER 1 RE 45 FA) Sk 4 26 T A M 2 1 o R A 2 A
M H A CD2 fidtk, [Hit ASFV REWZEH 255
H W BRI LA0AE o Mps B R R 4 R EP402R
IR AT o B B 5 R A FE TR (H RS AE
IR BE AT (14 26 TG 3 1) 8L AL, ASFV
L 28 i T 51 T 200 R BRI S AR 2k, R
CD2v A S£1 40 I W B A B T s A1 AR i
B wah, CD2v M TSk R — A i I R A
FERCH AT AR S AR E R )T, BSR4 B bk
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I AR B Y AR ST B A W i AN i A
AWK EPAO2R FE [ 1) 53 B B 4 5 4 B i 1
AR BERR Z 0] 25 57 B 2, s X gt A% 22 et mT LA
Ve R—Fhr s EARic®, bk A AR X
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(MRS 2K, T BB R 4% ). CD2v A
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pl7 J& ASFV FAMMIMIBEM, H ORF
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REZHAE 31 DNA MRz oeh, SEURN rEd %
JEAZ R R b 11— T s 2
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HAE A AT A PR s
1.4 DNA ZAEH

ASFV 5 5 5k PR 2w R 1A BT 0 B I 28
¥z o Moy B 45 B /s W DNA 45445 19 pl0 (pK 78R)
1 pA104R 057 F B R SR F 1928, vl RE
TERRTER B I L 4R E . Hih pAL04R
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JifL 3 R AL RS PR S DNA 455, AR (-5 2 2k
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DRI 21 52 o o B DR LT I, PT LAFEAIR dUTP MR T 0
DIREIR AR A B 8 DNA BJLE, BRItz
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BB e A A 2533,

ASFV ity 24~ Z K HEE N, O
MGF100 ., MGF110 . MGF300 . MGF360 #i
M GF505/530 45, H:th MGF360 #l MGF505/530 p
JET ASFV [ZHMIREPE, 5 EEAE E A Y
SR IRIE, B ASFV 1EE e R,
4N, MGF360 Fl MGF505/530 if2 515 3=
T4 &K (Interferons, 1FN) Y 7™ A& R #2412 48 7k 4
JiL PR e ik, 3 e A K S A ) A7 3 e ) ok
YR TEE T A PN A S AR R
MGF360 Z %A i pA276R i i #1192 I 45
Bl IRF3 A Wi R A i Poly(1:C) R 1FN-B
(=, T A% S S I F NF-xB 19 3& 1L A IFN 75
T JAK-STAT {55 A S . [FFEH,
MGF505 % b1 pA528R REM i Poly(l:C)iE =
) IRF3 Fil NF-xB A& MERINH IFN FRik, 5
PA276R A [F] , pAS28R it B {2 I il IFN-B 1 1FN-y
P53 ISRE B GAS WyJH 3l Fifth, *£H] pA528R
WEEMH IFN 551 JAK-STAT {55 ik,
MGF110 % ji% i, 1 pDP148R Jy ASFV ik fit K1
B, %E A RIER SRS TR R B 1 2K
BEIRYY, HED pDP148R W] REFE ik # Pk ik 15 - B

Hh A O,

W 2 BN R (4N, ASFV 4 fish i) HAt 2 1
WL REHN] | Y 1PN 77 A i A T e e kit o S i AT
7Y 22, ASFV w1 [E £k pDP96R A )3 1 #1H TBK 1
KK B iEALmimG] cGAS/STING 4 Fh9 | T
PLE KA NF-«B 61k, B pDPI6R J& ASFV
g — AT E A pl329L J& i ORF
1320L i (R i (4 PP S ARG R SF « f BERESEAR A |
RIPS IR [, i B R B &, %4
A T S 200 I 40 3 745 20 s 2 T %) . pl 3201
J Toll #3214 (Toll-like receptors, TLRs)E [ %
MR 1, HMAMX 5 EE &R d R EE )7
H,Je B R Z RIAH B AR 2P R R,
pI329L wJ LA TLR FirEEH#:LEH TRIF
F 3G P, M RHKT IRF3 Al NF-xB (75 1L L T iiE
FEDR % 55, T 45T TLR3 -S04 15 53 BR 1 1k
FA 1EN 72394

5 R AR AR TSR TR A B
(I ETE S8, B ASFV 24— 8 P
T8 F A0 FE T, 40 pA224L  pA179L | pEP153R
e TERG TR Y, pA238L X} NF-xB 155 1 i
FEAEPRIAER, kG BRI R A, ASFV K
P2 MM R P TR TN B 1 pA224L REfS N
1 NF-xB {55538 [ , 38 i 00 il 20 M i T 2k ASFV
SN A AETE D pALTOL L (K P 41 B i AT
(1) Bel-2 ZEI DY, FE 99 E B G i A e B 35 4
ik, FEEM FRAAKSNTN, feEds
Beclin-1 AH B AE VAT 40 M A W, FEm ] B iR
B, BAh, pAL7IL TEL RN FRIA R
I R T S I B 1 AH LA PR S5 R 0 o 4n it
T4 pEP1S3R X FR N C MIBHEREN, 1E
SRR YL (1 A A B A Rk B2 UIRE R
M, REREIRAnE T, AR MHC- &1k,
HZ5 ASFV Y4005 620 A st fE . 1
Vero 5 Cos 4iififi s, pEP153R fiefF i 44 5% K 1
P53 HRF FLRR IR B A Az, AT 0 M 43
], LA R T 4 A 110 13
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A, pEP153R BHEN AR MUIE A RNV H AR R WA B /)N e slORS B 20 41 it 2k A 5 0 440 e
) P8k g (g R IOEP153R EEEMR 5, SRS S A E L, RS A AR A

PR . BT E 1) pEP1S3R Y T ik 41 i %
R TT % pEP1S3R 7 My 5 1 855 T St

BRLA_EEE AN, ASFV LR 41 4 g i — 26 Ho A
EAVRES 5 E E AT RE K 1 e ik
i ASFV Fik A238L BeB il 18 = A MuA% % s A
T~ NF-kB il NFAT A& ALY, T8 s 2 DAl
Fik; M ASFV pDP7IL W AEAE UE B 4G I 7
elF2afRft, fEAMARECHI B A, e
I 7 2 P 0 A A 848

JE SRR A, T 0 7 ik RS DR 7R TR IR
JEE 1), & T RURE R R T o N R
WA, JEE DNA.| B0 FIZs#g 8 DA S h s g &
AL E ML R R, RN RNA
WARSE NG T, R 3 2 B e 75 T IS
W3S 16 7 240 M I 3 o 2 R B 4 B AT
ASFV )5 N 2 iy Z Rl a5 M R LS 1, o
A 1 5 1 25 A 2 11 93 A TER B R 1Y A [R] 45 )
DX I (P 1) o7 75 4 i RO 45 M Rl 45 ¥ 2 A T i 75

4 RERRBEE S A I ) & B B R AR R AR T, O 2 5
ASFV & il LA E B AN 1T %~ N FEAE R RGN B e kR, SR R H B
FEZ MR R . R B, ASFV i E M BEEE Y RO SRR 1), B4R, BB YT ASFV
pl2 (pOSIR)
pl7 (pD117L)
P22 (pKP117R)
Inner envelope p30 (pCP304L)
CD2v (pE402R) pd9 (pB438L)
Quter envelope p54 (pE183L)
pE199L p37
pHI08R p34 pp220 (pCP2475L)
p72 (pB646L) pl4
p49 (pB438L) Core shell p5
p14.5 (pE120R) < ore she
Caspid p35
pls pp62 (pCP530R)
p8
Nucleoid pS273R (Protease)
RPT (pNP1450L.) pDI1I3L
RP2 (pEP1242L) PQ706L pC4751. pO174L
RPP3 (pH359L) pG1340L pPNPSOSR pNP41GL
RIS (pD205R) pB926L pEP86ER pE296R
RP6 (pC147L) Transcription RNA modification  Base excision
RP7 (pD339L) factors envymes repair enzynics
RNA Pol subunits pl0 (pK78R)
pAl104R pA224L pE163R
DNA binding proteins  |AP homologue  dUTPasc

E1 EMNEERSREEHERNSHREE
Figurel Distribution of ASFV-encoded proteins

TE: ASFV Japki T NN EBAMR AL . Boe . NI, RICHISMNERE 5 ML, s

2R T 5 23 A 1 B A5 AR AN ] DXJ

Note: Five structure domains of ASFV particle including nucleoid, core shell, inner envelope, capsid and outer envelope are shown as
above and the subviral localization of viral proteins were marked in the five structure domains.
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*1 FENEERSHOTIETALHINGE
Tablel Theknown functions of the major ASFV-encoded proteins

I B 2 FEIC R 1 HE iR} Y 6E
Viral protein  Open reading frame Description and function
CD2v EP402R 2K CD2 M, FESMEHEAMEEFEN, M FRaREY, FoaemEas et n eI
Similar to host CD2, major outer membrane protein and antigen protein, required for viral particlesto
bind to red blood cells®®, genetic marker for identification of different ASFV straind®*?
p54 E183L BIEN, WIURSTRERAIRE A SR T, SHIEARMMENET, S5REHEEAD,
7S -
Transmembrane protein, recruits envelope precursors to the viral factory, interacts with light
chain of dynein, contributes to virus entry™™ and induces apoptosis'*®
p12 O61R A GBI (R T R B 2 1 T 4n gt
Antigen protein™, participatesin virus adhesion to host cells*
p30 (p32) CP204L FHEMNBEEN, FEHEEN, 2 5RERAPY
Major inner membrane protein and key antigen protein, contributes to virus entry!*>%
p17 D1I7L JIEBvSTSEA T N Uik i A A
Requirement for precursor membranes to form viral icosahedral particles”?”
p72 B646L FERFEN, REREE, B59REEAM
Major capsid protein with good immunogenicity, contributes to virus entry™
pl4.5 E120R Sk A X", 25KE TR
Related to viral life cycleé”) and required for virus migration to plasma membrane/®”
p49 B438L AR T BB A 7 2 R+ — i A T 5
Requirement for formation of verticesin viral icosahedral capsid and stabilizes the verticed®
pp220 CP2475L pl50. p37. p34. pl4 il p5 FiIRE A, (LRt
Polyprotein precursor of p150, p37, p34, pl14, and p5, requirement for packaging of
nucleoprotein core'®
pp62 CP530R p35. pl15 Fil p8 R 1110, 15 IE 6 75 JA% B 15 11 21 25 A i 2
Polyprotein precursor of p35, pl15 and p8!®, corrects assembling and maturation of the
nucleoprotein core of the viral particles’®
p10 K78R DNA &8 M, 2 5kilkE 4l
DNA binding protein, participatesin virus packaging'
pA104R A104R DNA Z5A4 M, 2 545 . DNA & il KSR 4 2
DNA binding protein, participates in viral transcription, DNA replication and genome
packagingt®
PA276R MGF360 4] IRF3 BERR AL AN IFN 724 | nhibits phosphorylation of IRF3 and IFN-B production®
pA528R MGF505 D IEN P26 1 JAK-STAT 15558 i 1 11142
Inhibits IFN induction and suppresses activation of JAK-STAT signaling pathway!*?
pDP148R DP148R 552555 /14 1Y Related to virulence of the virus*!
PDPY6R DP96R A 1R IEN K NF-«B i 112
Suppression of type | IFN expression and NF-kB signaling!*?
pl329L 1329L TLR3[AIEZEAIY, M TLRS Sy IFN j7 4504
TLR3 homologue, inhibits the induction of 1FNs=%4!
pA224L A224L S0 S o B 1 T At -0
Inhibits apoptosis in the early stages of infection™®
PA179L A179L 0 20 B T 284448 |nhibits apoptosis and autophagy of infected cellg26444°!
EEREER EP1S3R CRIBESERE, Tl MHC- Z2ik, SIHIANNIT, 255 0 0 i 4 i 202
C-type lectin protein, decreases expression of MHC-I, inhibits apoptosis and participates in
binding red blood cells*%2*
PA238L A238L T AZ S N T NFAT Fl NF-«B i 69 Inhibits activation of NFAT or NF-«B!***”
pDP71L DP71L R AN A AR 1A, I S A g e

Promotes cellular protein synthesis, inhibits apoptosis of host cells*®4?
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o T 2K %8 E VR LI RE R IR ABF ST, AN
ASFV 515 A BAERPLEIA T 5 E M AR A
ASFV JER S5 PE K, gt H H E A REEL
HAERR D, IWRAWIIE ASFV ZRts & A Sh e
B4 T ASFV BURPLEL . fir Alejo 55X}
ASFV 2 3 1 AR (BATAV #R) Ao 27 0B HE T 1Y
BRI S T 68 Fl Al ER, H
HAg 20 LRI R AT RERT 4 E R E A

ASFV & i FEAEE MR N 5E . i T 5
R, ASFV T fig il i Z ALK RIS PUE F P00
BEGIE RN, HETT SIS ik o (H ARG f5 5
TR — N E 2 )2 PR B, 0 % 5 S
SRG VR | BRI B R 5 08 R e o 1A 3R UL A& M
45, DR E A AN A SR ASFV 4D
AR S SR L) 2R EEA T iE—2 0
9%, BREWEANMZ A, ASFV LY b SR 41 it
(Dendritic cell, DC)™¥, {H ASFV JEYL a2
DC THREMANIERE . JKFEIS 2SR 40 i (Plasmacytoid
DC, pDC)J& i 30w s 2l Y i 43 | & IFNs
(A, ASFV AL 27540 pDC
HIFENSs 74 i oI . B2, HAETY ASFV R
FAPAFAE E KRG, R 2 1) S g ik ik
Bl RAWFSE ASFV ZiiB 2K 11518 40 i AH
HAEFBLR, KA BT ASFV G ki bl
Hl, A& ASF IR LIS LAY

a5 Rk, EPR M ARTE R BT ASF A
ROET . WEFR R, K5y ASF KIEREH Tof
PVERR , BRIV TR s B S e 440 J5 t AN e R KT
FEWBRY S, XAfES ASFV & ZAY 5% kiR
HLEIFI ASFV [ s A B ASFV 4t i
SEFYEE U CD2v, p72. p54. p30 ZHHEA R
IBTEE: . EARE 4 p5a Fil p72 & M E B S b
FPLi =, EXBEER R ASFV YA &6
SARYER . FAEH, B4l CD2v E A Ei Rk
p54-p30 il 4 7K 11 1) DNA #1110 30%—50%(1) %
PP PS8R0 ) b W 2 IR R AT
PO RE VB AR B RE TS A5 T R ORI 41 A 4 8 i

&, R PR AR EE—Fh i LAN R BRI 3
B o BT A5 & B, kA 22 Filt ASFV
PUIRE) DNA B R 20 0 75 0 1 0 0% I RE RS
25 AP B A ILVRORTIbR EL A e e B v, B2
7 Z ORI BT D U [R) S0 92 AT LA 4R v 8 1 ) Sk
fRAPACER L) g RAL, AR R
WTE . DR RN B S TR AR R B ASFV (-3
rs, s R R AR )E, BRI
REPR (it Ay, (HBER TS R A 5k ZUA W
G R S S 0 Ak, it R ASFV
(R S FER (40 TK . UK, 9GL F1 CD2v)al & 4
k3% A 5 Jk R A5 # A DR a2k 92 T R 2
ASF i B F 5 10 A5 1123001031 m gy i ik ot
BT, R 43 5 DL ke 2 92 7 T 0o S A g ke ) 0 B
A ) P54 430283 o, AT — 5 14 55
VAR O, B, ASFV SR gk g s
PR SCR A B oA BRARL, T BB e 3 P d5 o A 22T
HI RN . (BT ASF M@ —KsiiL
Yuhig, TREim M ASFV LR B R AR
Gatk, HEAEYEENE, Wl ASFV Zi
N R TR TR 1) 2 2 s 7 500 | 34542 i ok s L g2
Wi AT RE AR ASF B & B2y 1]
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