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The Role of Ubiquitination in Antiviral Innate Immune Response
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Abstract

The post translational modification of proteins regulates almost all the life activities of cells. A

large number of studies have reported the role of ubiquitination in the process of viral infection. When infected with

the virus, host cells can initiate an antiviral innate immune response to restrict viral infection, and correspondingly,

viruses can escape the cellular immune response, through ubiquitination pathways. This paper reviews the role and

regulatory mechanism of protein ubiquitination from both host and virus perspectives, providing some new strate-

gies for future antiviral treatments.
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kel kA FAEM, BIERGZ £5E. HATRIME
2 i b 7 AR 22 1 20 (R Y02 3R A2 K481Z 2 A
K63z 3, Horhr, K48 2 Rt 2 i 3 Mz =181
KA, FEFTAZ R 5B 50%0L . HAbZ R
W R T AR B RBE . R R NI B e
W IR 2 e, A S SRR EEs.
A B A A L 2R AR IO T A0 R SR
DNABE . A4 KM Gz D Re LLER NS HIE
FEHFEEK,
2 RAABAE Dy —Fhn] WK B R S B, R

Wy 292 =AU (deubiquitinase, DUB) LR H 5 &M 2
] LB L Sz 3101 2 Ia) i e i . [ DUB
GO R =101 R R o SR e 9T EP R ERe)
TR, T R 45 SR ) A i A

2 BEERZENERSREETHER

R BRI fS , X TE B S, WEEE R
AN, 2 RE R B B 5 1 S RS, BUE AR
FDR S E B R0, DARR ) BR L A0m 55 1 ks, L
RIGRETE. AR, X TRERT E, W7 R
SERE SRR R R . SREC S, DAk 2
HAHTE ERIZ R AR . RO MTE ERHEEH
ANASTR] A FE 53 0 e 3 B 1 592 3 AR B U AE o 2 R
HORAEIE
2.1 2R UXE TR

ZIREEIERGE, RS —E B A
SRR GRS i B AR % 44 (pattern rec-
ognition receptors, PRRs) Rl A\ 12 #8595 J5UAH 55 731
% 3X (pathogen-associated molecular patterns, PAMPs),
IR R BVPUWE FE IS, WOE T A 9% 7 A%
(A7~ w3 58 145 5 25 [ (nuclear factor kappa enhancer
binding protein, NF-xB)F1T-# 2 17 K1 (interferon
regulatory factor, IRF){1%4 5% , 755 T4 2 (inter-
feron, TFN-T)FIAH S0 M Rl F- B30k, #5556 K
G P28 20 Y BRI AR 7 R 4T B BE T (programmed cell
death, PCD), g £ 4 52 ALl i o 5 IR %S

T T2 4 R RS TR 524 3 AT 12K Tollff: <2
& (Toll-like receptors, TLRs). 4EF &7 T3 K 15244k
(RIG-I like receptors, RLRs). NODAfAZ /A& (NOD-like
receptors, NLRs). 8 {5 2R3 ik = [K] 124 52 /R (AIM2-
like receptors, ALRs) LA A Jifd Jii DNASZ /AP 1),
2.1.1 ZFEMAEHIAE TLRsZ 5%  TLRs/®

T MBSO, BB, st X s
TRARELS TH . FEREX R B e, A IX
F Toll- A 41 ffe /v 2 -152 44 [Toll/interleukin-1(IL-1)
receptor, TIR|E T /A & ™. BIHAINIE, 2
RIL3FI TLREF R A, NJs4u b 3L & 30 1050
(TLR1~TLR10) TLRs. HH', TLR3 11 %] dsRNA,
TLR7A1 TLR8 W] H 5 ssRNA, TLROM ] 5 5157 7 oK
FJEAL ) DNA, TLR2A TLR4 A {5 515 75 6 fiE b 2
FLl,

WRAE L A MANF, TLRs{S Sl N5
TIRZE #3815 F IFN-B 4%k (TIR domain-contain-
ing adaptor-inducing IFN-B, TRIF)# [ {K#i ) TLRs
15 5 18 B RN BERE 70 AL W) 0 B 4 11 88(myeloid dif-
ferentiation protein antigen 88, MyD88) /i [f] TLRs

Il . HoP, TLR3K M TRIF#: 3k & 1 E M
PEIFN-1RIA , HAth TLRs K #i MyD88 4 3k 8 [ 1 4%
NF-«Bil % [ 2614 . TLRAN AP Fhig 20

—J5 T, MyD88¥ % N# I 4/ 3% -1 32 4k
AH IS (IL-1R-associated serine/threonine kinases,
IRAKS), J& & 151515 5 212 %1 6(TNF recep-
tor-associated factor 6, TRAF6), Bfi j5 5545 J- 151k %
A KA -BITE F 1(TGFB-activated kinase 1,
TAK 1) IKK o/BAy(tH#FR/E NEMO), LA NF-«kB
NS RIERN TR EIL . 2@ 22T RER
fig i+, W UBL4ARI TRIM26 1 43 5 {44, TRAF6 !
TAB1 R A2 FAC LI SR R g7, B2, 16
F 4 nr LU IS E B G Rz 2R EDUB £ 1
¥ TLRsS S i@ B, MR kR Az b B 1) G928 S B
U1 Smurfp1/2. Nrdp1 M CYLD ] {1k MyD88 & 412
FAB e L BRIz R EEEAT 7R IEEY; A20. IRAK-
M. ST2HMISIGIRRZ[AIFE ] LA TLRs(E 5 B Rr4E
I i) A/ i fEE 112

Jy—J7 10, TRIFIE % TRAF3, % TANK
455 1(TANK-binding kinase 1, TBK1)f1#%
T kBB 77 e(inhibitor-kb kinase €, IKKe), {23
IRF3%5 S A IFN-1774 . iZE 2 2 My, 55
cIAP1/2. Pelil. Triad3A. Mint3. Nedd4l. USPI
H AR 1E 181 5 TRIFA 3 (9090 2 S e R 1321,
5t , Triad3A. USP19. WWP2HI TRIM32 1] [%
fif TRIF 7 153 B G928 (1 i A2 2225 RNFOO I ml {2
TAB2 K E K481z ZAUME Mk N B (B /R4 B, 10
HITAK-TABs & A AL RS AMX Wik, Bz 2%
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Fig.1 Ubiquitination regulates the host’s natural immune response signaling pathways

FERBEIE AT X IFN-T= A28 B A0 8 AT 4%, 6
41 RNF 1823 i K482 FR AL it M 5t po5 I , 2t
[RGB ey d A = 1 A U e k211 N = B OO PN
SRPU BE 8 T R 11 TR VR 2 R0 A U 4 T 4E RE LA
2.1.2 ZAMMEHIAIERLRZ 5854  RLRsFKE
J5 3B FE A TR (4 HH R )5 3 2[R 2] [ -I(retinoic ac-
id-inducible gene-I, RIG-I, B #FR NDDX58). R H
J88 3 A 9 FE K] S(melanoma differentiation associated
factor 5, MDAS) it A% 15 A= B 27 51255 25 4 [ 2(abora-
tory of genetics and physiology 2, LGP2), 7= Zi i i1
) M 5T A 90 B RNAJE BP0 B8 R IR S )% S B 281,
RIG-IFI MDASEAG AL 741, 35 AN N-3 2
JbE R A Bl 47 55 45 R4 45, (caspase-recruitment domains,
CARDs). —/>EF RNAZE A% 1% it DExD/H-box fi#
T B &5 /A — A~ BAA RN AT 31 T HE ) C-dii 45 F4 35
(C-terminal domain, CTD, tH#7Hx Ay i 35 B4 1] 45 44
). MEZ T, LGP2Hk Z N-iCARDs.

FERJFE o, RIG-TRIMDAS A @i CTD 595
RNAZS G, U8 H S R UGS & RRAR PR 85 5
5 H (mitochondrial antiviral sig naling protein, MAVS,
HHR VISA/Cardif/IPS-1), J& # %4k TBK1/IKKi,

LARHE IR TR R4, T KRR FTIE N A 5
TG, ML KB T 4 9% B (vesicular stomatitis
virus, VSV)if, Riplet(tBFXRNF135)f# {LRIG-IFCH
Ui K AE K631z 24k, AT IFN-BIH BN TS, &S
5 NFEPIRNAJHE FEBE YL I Je R >, BrOKifst,
RIG-1Z F: i CARDSS R st ] i AR 32 2= A0, 4
TRIM25. TRIM45 MEX3CH] /5 CARDZ; #)IR %
ML RURHEK63 2 T2 A BN, (i X MAVST)
BHEH44E, EREETIHERE 5@, i
W7 s 22 F BN, W OTUD3 ] 2R
Ripletfi#{L [IRIG-1IK637Z FHEEP. F4b, AWK
B, B AT 3 A AL IR P2V 3% 4% 1 L(heme-oxidized
IRP2 ubiquitin ligase 1L, HOIL-1L)#1 HOIL1#% 3 &
H (HOIL-1-interacting protein, HOIP)#J i [ & & 14
LUBAC(linear ubiquitin chain assembly complex), A
DAXTRIG-LEAT 26 V72 A AB I 5 BOL B AR [RIRT,
LUBACH L5 TRIM25%—&H‘T 454 RIG-, ki
RLRsFT /™5 (M5 5 18 BB

WL AR S G fivi 00 UL 4 4 B (encephalomyocardi-
tis virus, EMCV)Hf, 11 JllssRNAFIMDAS# TRIM65
AL & A2 K6372 Z Ak, TRIM65H 2k 23 59 HEMCV
75 S INF-IZRIEPY, [FFE, Py ikad s, 2%
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B I AT AL R R A K AT R AR IS 1l 3k N 2R
4 il 4 3% 4% 15 B# f#, WIRNF125. Parkin. PSMAT7.
TRIM44 L. TRIMI3FITRIM40 W] i id 72 2 1k 1& 1
MDAS 1 i #RLRsIH e, #1615 5 3 10 R sz
ST

F4h, MAVSE EPHIZ Z U RPE IR G B, —

J7 T, TRIM3 1] LG MAVS £ 47 47 K6372 =4k
&1, (R FEMAVS it E R 2 AR Y B, s 1T T
PRI, MHR R E 4. 5 —J71i, YODI
AL (AL MAVS I K634 2532 24k 3k i 41 ) 2L 2%
FEFIBOE , I 1A 845 RLRsIE I 4, A &= )i
WHRE H FAF1 5 TRIM3 1354 MAVS K454 MAVS
P22 mAWANTEEE . WiEERYY)S , FAF1Y Ser556f7
MR A R A A 13 F R VA G A B A, AT 22 A FAF 1
X MAVS ] 0, At , RNFS ) 38 i 4 b 3G 1)
IRF3 & EK48Z # Ak, /DI 17 A2, il R
SR R RIS,
2.1.3 ZEASHFAENLRAZ 5i8%  NLRsEH
—ANN-UEN GERIE — RS IR S A AR
k.45 #4358k (oligomerization domain, NOD). —>C-j
& st R IR E E 74 (leucine-rich repeat, LRR). R
N3 250 S 45 K4 3 AN ], 2040 NLRs ] LL43 ) NLRA
NLRB/NAIP. NLRCHI NLRPZEW R}, U4 7351 A
B — R M I S B0 45 4 35K (acidic transactiva-
tion, AD) =/ H AT PR 55 T 401 71 (inhibitor
of apoptosis, IAP)E & /7 1| (baculovirus inhibitor of
apoptosis repeats, BIRs). — ™ Bt K A Bl 3 A
5 25 #4358 (caspase activation and recruitment do-
main, CARD)F1—/> PYRINZE #435k (PYD)*". NLRs
ZHRENMEZEATSEMNER, ZE2E5YH
T CARDIIE L #5 8 T2 AH 2 BE 25 FF 5 (1 (adaptor
apoptosis-associated speck-like protein, ASC)FI&H
CARDZ; #J8,1¥] pro-caspase- 124 i, 3% caspase-1,
TEALSE A2 (IL)-1PFISE IL-18 1) &5 F /K 24, SR
Ja B OL-1BFIIL-18, S EUE & [ B,

H AT, %F T NLRsifl % 172 = o i .
NLRs 4 fiE /MA 45 NLRP1. NLRP3. NLRP6AI
NAIP/NLRC4, H | % NLRP3WF et % . H
BT AT ALNEMRIZE ¥HIE B NLRP3 1 2592 R AL A2
NLRsJE il & i MR S HP IR, 1572 R EEBRCC3
A FHINLRP3 32 A S 2 0 E B0, gt
#h, NLRst 0] #p[f] 22 5 3| TLRsi@ #% 1, NLRP3 1]

B TLRAEFIE 575 T LR R g VR 7= A8 2502
FABEE DA T R A ME I H R FBEOE , 22 2
USP507] LLii it & BRASCIIK 631z 1k, /- FASCHE
SRAINLRP3 4 1t /IMA S

2.1.4 2 FEAUSHIAIECGAS-STINGE 5@ 3%
IR FF LS IR (cyclic guanosine monophosphate-ad-
enosine monophosphate, cGAMP)& i (cyclic GMP-
AMP synthase, cGAS)7& — Ml LLiR 51| 22 Z5dsDNAK]
HL 5 DNASZ A, a0 A N R 1% cGAMP, Ji& 3 1]
W R YL AR FISTING IR B, #EI{# TBK 1. IRF3
RAEBRL, BRI TR, BH
BRIRIE, 7E SARS-CoV-2/& 44, STING S cGAMPZ,
A G 2 [ 3B /R 244 @ IS 55 TBK AT IRF3E0E
NF-«Bifi %15,

STINGIH % 52 2 Fiiz A B 145 . STING
) 2 AL A5 A 4% TRIM32. TRIMS56. TRIM29,
DAPK3S b K Bz Ak, (25 T E
S TBKI14 &, 755 TR T30 31 1 = A 436,
MUL LS TING I Lys22447 f592 F Ak, FHKrLys224
72 F AR AT DURR S i B L TRF3 6k 08/ TR T3 &
FEAERT, SiAh, 22 ZEEOTUDS 5 STINGAH EAEH,
BRI K48z AL I AR E M, MiFR OTUDSJ5,
/INBRBE 5 T SRR TR R Al 2 BE(HS V-1)PY, cGAS
Wz FZ B T HTRIMS 6465,

AN, cGAS-STINGIH 2 5T RNAJ £ 1)
FARGIE N, BRI B (measles virus, MeV)Fl1Jg
MF 9% % (nipah virus, NiV)EYe4l 5, STING &4
K637Z AL LA cGAS-STING S Sl i, fe& 774
U EE ROV B, 1 TRIM 1338 5 fi# 4k STING & 4=
K6ESE 77 AL S BUSTING AR, 1117 1% cGAS-
STING/E Fi#E . FH4h, cGASHIZ RIEFLN
MARCHS&1f 5 TG 5 DNALE &, 78/ R DNAYH &
YA R MARCHSR R 170> BN HS V- 1024
B,

22 REMRZEUHITRRRR

2R AR ALk 2R B BAE B ) OC B
— 3K, AT DA AR 1 2 BT R IR S R
[FIFE, Bt R e Rz R &G A sk R
T AT IR HIGTE (R D).

— Lo A] LU IS B B R B 6 1E AR
988 J S8 % ) R AR ATV A B R S e
ki, H TSR 2 2 AR RIG-THE % (172 2
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Table 1 The effects of protein ubiquitination on virus
e JREEER A & Al
Viruses Virus protein Substrates Effects
Arterivirus Arterivirus OTU RIG-I"! Reduce the production of IFN-I
DENV sfRNA Usp1s™ Reduce the production of IFN-I
EBOV VP35 TRIM6™! Reduce the production of IFN-I
FMDV L RIG-I*" Reduce the production of IFN-I
EBV BPLF1 P62 Promote viral infection
HBV HBx RIG-I, TRAF3"" Reduce the production of IFN-I
HIV-1 RNF39 DDX3X® Decrease the signal of RLRs
HCV / Riplet™®® Reduce the production of IFN-I
HEV PCP RIG-1, TBK1"* Reduce the production of IFN-I
HSV VP1-2 STING!™ Reduce the production of IFN-I
HSV UL36USP IkBa!*! Decrease the signal of NF-kB
1AV NS1 Riplet, TRIM250¢% Reduce the production of IFN-I
KSHV ORF64 RIG-T*%4 Reduce the production of IFN-I
Nairo Nairovirus OTU RIG-I'" Decrease the signal of RLRs
Niv NiVM TRIM6™! Decrease the phosphorylation of IKKe
PDCoV PDCoV N pRiple!* Decrease the signal of RLRs
IRF71%4 Reduce the production of IFN-I

PEDV PLP2 RIG-1™ Reduce the production of IFN-I
RGNNV / LjRNF114] Decrease the signal of RLRs
SARS-CoV N TRIM25!%) Reduce the production of IFN-I

PLP TBK1, TRAF3, TRAF6!* Reduce the production of IFN-I
SVCvV SVCV N p53% Decrease p53-mediated innate immune response

SVCV P p53 Decrease p53-mediated innate immune response
SVV 3Cpro RIG-I, TBK1, TRAF3" Decrease the expression of IFN-B and ISG56
TOSV NSs RNF5/7271 Reduce the production of IFN-I
EV71 3Cpro miR-5261%"% Reduce the production of IFN-I
HRSV NS1 TRIM25!6! Decrease the signal of RLRs
HPV HPV E6 USP157! Decrease the signal of RLRs
WNV NS1 RIG-I! Reduce the production of IFN-I
SFTSV NSs TRIM25[%1 Promote viral infection

/2 RHAE o

/: not determined.

T . A SOKR FEAT N RIG-TE 8 102 2 AL
P67y R LA R B AL . — iR i R sl e
T E372 K EHAEE TRIM25 5K Riplet & #%1F ] : RIG-I
975 15 12 4 20 Jf (B0 OB T TRIM25 X Riplet,
TRIM25 ) SPRY 45 #4358, 1] 15 RIG-IN A % [ 55 — 4>
CARD4: &, AL /> CARDHI Lys1 72k 4 K63%
iz 1k, B RIG-1'5 MAVS 4 4305 RLRs {5 518
. 1M Riplet M2 {2 3k RIG-1f1] CARDZ: #4318 F1 CTD
SERIIER AR K63 2 B2 AT RIG-1, H Ripletifs 3
RIG-If#) Lys788iZ AL ] fig /& TRIM25 K £ (&1 D fig
FIRTHE. K, TRIM25A1 Riplet 5 SR T SR sl 195

BRUGH R SR . AU 905 5 (hepatitis C virus,
HCV)J& G I IE4H A 5 2 T 1 Ripletf3RIA 7K, 5
Wi F B 5 1 RIG-TZ 240 2090 3 M i Lt [R5
KAETERE = PN R B (porcine delta coronavirus,
PDCoV)E4erh , AMY Ak, PDCoV Nit 5 IRF74H H.
YEFH, Rt J5 2 it B ARt PR e, e 28 S B e
eI O34, iy H RS I 2498 75 (influenza A virus, IAV)
W PRER 5 Riplet ELAE AN, I REWS FI ] TRIM25 %A= e
Ptk . FEHLHI LT N R GE A H 44295 25 (human
respiratory syncytial virus, HRSV), IAV#JNS1 7] PLi#
5 TRIM2545 & M ] RIG-17Z 2 4k B0, e
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JNSIZLN X [ EALQRFEE T (AA 191~195)4 )% 59 F
X7 3 IFNAH SC 40 i b8 s 4 /e A, AT &
P SR B EE R, PRI EALQRIE: 7 B A K
NG TR TSR i R E SR IR SRS
{iE B4R B (severe acute respiratory syndrome coro-
navirus, SARS-CoV)FJ#ZAK 7¢ 8 1 7] A5 TRIM25[]
SPRY 45 #3845 & i il 5K TRIM25 A1 511932 24k, 1
LR ML/ D 255 1E 9 B (severe fever with
thrombocytopenia syndrome virus, SETSV) I 7] F|
JH B 9 i (1 NSs 2 (4 TRIM2 5845 219 2 60, 3 4
Hp 760 B H b IR I R B AR AN ANt
TRIM25 7 21 1d USP15512 RGBS IFRFI:, ik
g, WA FLLJE % 75 (human papilloma virus, HPV)
Gmis () B F HPV B6. % 5 5% (DENV) LG 41 —
PR (PR-2B) [ 75 75 5 WV 3£ K 2H RN A (sfRNA) A] i ik H§
B Y i [ B 1 $0H1] TRIM25 2532 23 M 1 RIG-111
g,

o5 — ML R 7 R B RS B R RIG-T
Mz ZAAE M . G0 ¥E W1 K 9499 B (toscana virus,
TOSV). F&iAT I I 75 % F¢ (porcine epidemic diar-
thea virus, PEDV). =I5 74 PRI AH 5299 55 (Kapo-
si’s sarcoma-associated herpes virus, KSHV), L & Zjffik
99355 (arterivirus) Fl NairoZ5 99 & 4w i ) 85 (1] B3
LBRRIG-IZ ZEE 77, iR Eminn 2z #4k
WA DMEH T 24244, 0B 98 99 5 (hepa-
titis E virus, HEV). Z R T %555 (hepatitis B virus,
HBV). 2 N-K43# 5 (seneca valley virus, SVV) X iffi
J& % 975 5 (west nile virus, WNV)ZE71,

Ak, RLRsE 5 18 6 A — LeRp R 1 S s ik i
HLH, 1 RNA# e B 5 i A 72 DDX3X AR A 1A
2 4 % BRI 9% B (human immunodeficiency virus 1,
HIV-1)[#] ssRNA, i i £ i MAVS-DDX3X-TRAF3
AL, H5EPT RNA S R% . 11 HIV-1/%
Qe 3 RIE T RNF39H] LLE#E DDX3X 55, 13840
16247 rit IR S R A= KASTR IR 172 AR , ]
DDX3X#iX, FHKMAVS-DDX3-TRAF3E & 14117
FsZ, ATV 0075 75 DR SR S 2 B, S B B 1) B 928
e B0, 7 1E 95 B 71 (enterovirus type 71, EV71)%
411 3Cpro#iil 15 3 miR-526 1R IA , & T KL T
HCYLDH L, Ut ZERRIG-ITK63i2 3 4E, LT
RIG-Ir RS S, (R TR S B, X A
E i, PRI gAY B R RLRSIEERAS 5 8 %02

oAb, R EAT R R R HE N —

KIS E ERERFERMSES, Wi
WA BT HARE 615 5 DR ) S ik i AL
Ui Bl i 92955 B (herpes simplex virus, HSV) ] 4%
cGAS-STINGHI NF-xB(5 ‘5t i (1172 AL LU ik 5
FE R A () B P2 16 it 9841, Ik 925 75 5 (newcastle
disease virus, NDV). SARS-CoV. FMDV. NiV k&
PR 18579 7% (Ebola virus, EBOV)2555 75 nl 8 1 H &
b I E N TLRsAS S M Z2 M E L HETEZ R
Az B9 199 B G 45955 B3 IR 95 7% (spring
virernia of carp virus, SVCV) Rt p53/~F 5K
G JBE AT BB IR A ) B G0 52 UKk W 3H B R B
(epstein barr, EBV) 1] PAgwtD 2372 R L BPLF1{EH
T po2idt T s i 2, BARCRE, BEIHEAH,
XU LB 98 B 1) e 9% 8 AL B 7L 5 o iEA) , 5
X B H 5 0 H R AR EE iR AL e b

T B CLE A H A 0 R AR B 28 B I % 1) 22 Fof
AR A ) S e kIR GE 77, DRI 5T H AR o R 2%
(RS2 RARAL, T TF ORI () 2532 Z AL /N 53 410
TR 24 it U oA L 2

3 DUBsHIFIFIZEIRE T PRI A

i A gwi A AT LLEFRTLRs. RLRsFISTING
T E LTI 2R, DABIRETE T TR R R AR
RERPL, BRI, 5 B S e bR I R e e Rz Rk
R0 R+ S 10 H A0 X T DUBsHIHIFI T
KR TR R . AR AT PR IR TT
gt s USPTHI /N> T4 7 P5091. GW 7647454
CLE NI AR R B B o
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