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The important role of metabolism in antiviral innate responses
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Abstract: Host antiviral innate immunity is the first line of defense against viral infections. Studies have reported
that almost all kinds of cells can induce type I interferon (IFN-I) and its downstream interferon-stimulated
genes (ISG), both of which exert a crucial effect in antiviral innate immunity. Latest researches found that cellular
components, especially lipid metabolism, can facilitate almost all stages of the viral replication cycle, including

initial interactions of the virion with the host cell, envelope fusion, assembly and budding. All the stages are not
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only the potential targets of the antiviral innate responses, but also effective approaches to prevent and treat viral

infections. Thus, cell metabolism, especially lipid metabolism, must play a pivotal role in virus-induced innate

immunity. Researches on roles of metabolism in antiviral innate responses would provide more effective

therapeutics for prevention and treatment of viral infections. This review will focus on the role of metabolism in

host antiviral innate immunity where the mitochondria, peroxisome, and several ISGs are involved

Key words: antiviral innate immunity; interferon-stimulated genes (ISG); metabolism

W, JUH R AR, 0 Al 2 R
(herpes simplex virus, HSV) & #i L J8 4L V5 11 9 Ji ik
V). R TERRNUA LS, R 2 L]
B RGBS, HoRR R RE EHhUR B
RIS — BT 2k . FUR% 0 M ph 45 Tl JI5S 6, 0% 110 248
AR EALEZ 5T . 2 R
WG AE 5, 18 E M@ R 244 (pattern
recognition receptors, PRR) 1K Jll J3 i A 5 43 T 151 2
(pathogen-associated molecular pattern, PAMP), Ml
WOE TE R M. AR 4E PRR 45 14 5 55,
Z 55U RIN (5 Tl F 2 4 KA.
(1) TLR (Toll like receptor) {55 i #% ; (2) RLR (RIG-I
like receptor) 15 F il #% ; (3) NLR (NOD-like receptor)
57l 5 (4) IFI-16 (interferon-inducible protein 16)
2545 1 3 5111 DNA sensor {5 5@ #% 7. X2 (5
ST TR EERIA.

I BT RAR L G L, FR it
R — TP, [ TIERH 2 AR E
T, FEAFE T PR M BT (interferon-
regulated-factor, IRF) ZKJf A% i1« #% [+ -«B (nuclear
factor-xB, NF-xB) fll AP-1 ( # S ¥%H 1- ATF-2 A1
c-Jun () IR RAK ) B IE R AR AE AN
B, B o a5 T IRF-3 A NF-«B HB0E, i
M5 IEN-1 R 0L s B, TR TIMREF RIS &
I e O N S P B TR S B 7/ = =
(interferon-o/p receptor, IFNAR) & &1k, T K S
AR A 2 5 A 8) JAK (Janus kinase)-STAT (signal
transducer and activator of transcription) 15 5 2 Bk Jz
N, PAEEE AT LA (interferon-stimulated
gene, ISG) KiE, (HZ K5 ISGs FIPu £ DI RE i
ANELE.

15 N BE AT AE AR, AR S % Al B A
RGNS, SEAHOTE S 40 AR FR 4 8 O
A . A R AR R AR,
BERANZ. Bl Hx, EAREGHKR. EEHT
PIRFERL TR B . o B0 1000 55 7T LURE = 1t &5
MR 71 B NG, RS B U e
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NAUMLS 5 B 20 0 R TR 4 e o, 1 JH A R 2 )
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JAIH, (RAER R M R MR R T R e
ML &M RTINS BrE BUR T FR A X LR
TS5 T AR BOR RERORL, I I 2R
o7 . PRI, AR R A A s 7 A2 ) AN G B
o SRR FE AR BB AR A Al AR At
BURAEK . KRB MR EEAAT, BRI
FOASHIATFE . 4 AT 2 40 AN W iR AT W o A0 e =
A i, — B fRe EAc w1k, dHRn A
s k. ARMRACE F EAEREACH . RAR
DA AE 2R AR A S A i B A4S . 2013
4, Schoggins 1 Randall ™ BF 5t 2 B,  4H M AX 151,
JE I BRI A I B I G 155 S DU 5 R AR S
RAFHEENE

1 Zehifk, SENVIEBHESvRERARE

AR, 2R S8 A 0 Il 2 4 i A U
[ 5 B 4L AR5 4. 2010 4E, Dixit 25 ™ #F 70 £ #,
LR AR E BRI DU G, JCHORHUR TR
R RS R E I .

C &1 RLR {5 5 18 #% 0. 45 3 M8 B : RIG-I
(retinoic acid-inducible gene 1) MDAS (melanoma
differentiation-associated gene-5) Al LGP2 (laboratory
of genetics and physiology 2). H 1, RIG-I il MDAS5
IR RE ) 5'- =R AL R UUEE RNA R U
RNA, AT HEGE HL #E S K. i1 UE
BN EE RNA, W] 00 % 2 DNA #1 BR
ftJ RNA "o 80 1 RIG-1 Fl MDA-5 52 A 3@ i}
CARD (caspase activation and recruitment domain) %5
¥y 35 5 R i 4% 3k 2R Y MAVS (mitochondrial antiviral
signaling) /1 B./EH, filt &k — R FE T FHE = Mo
MAVS ( XY IPS-1. Cardif B( VISA) H 540 %3
TRk FLZH A, N e A5 CARD Z5#ik, it C
Ui 75 JIR 45 M 10 6 T 2Rk . B SR I, MAVS B
A RBOE TR TR 42, NI & 1SG R,
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2010 4F, Dixit 28 " A HF 77 K I, MAVS 7] & fi7
T ENE A S 5P iR (B 1) o fiRA]
BT GRS A P AR bR R A SR IE S,
MAVS [f] B 5& £ T 3X 7§ > 41 B 25 i 4] 38 | F
MAVS™" MEF 4t 1 & 7 T bk st Sk 4
BRI MAVS Fase F G dif R, F153 BG40
7 (reovirus) B 2 (influenza), Ao It )p 25
ISG & [ viperin [3RIE . LRV, SEHAD
i 44 52 467 11 MAVS f8 15 5 B 2] 53 5199 2 1SG &
P, H SRR R [ R I R . ki
14 5 67 111 MAV'S T 58 75 5 W B 4009 2 1SG 25 A #¢
grRik,

/T, B R ki ik MAVS {5 5@ B I 8 % .
—RIIMRSLIG )R E, Lhifk MAVS F 2 i
IRFs J¢ NF-«kB 25(5 5@ 5 5 T B TR L T
ISG #ik, MiiEZHEFIRTER ¥ ik Atk
A EALIY MAVS AIAKEUT TR H03, MR fER
KA IRF1 & IRF3 25~ HE7F TiE ISG &
A, A SR Z) RO RO

BT 2, 13 A B A 5 SR04 A8 4l AH R
S [ 2H R BRI R A B B S AR R, AT R
PURERIER, S 20 Bhan B s =

mitochondria

peroxisomes

2 ISGHYREAER S5
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2.1 CH25H{E{kBE[EEZ

JE [ B% 25- #2 4L B (cholesterol 25-hydroxylase,
CH25H) & H1 76 N 25 7 25 D51 20 A 1) 74 5 19X A 5 1
] ff A JH ] P AR A0 B 25- ¥4 2 IH [ B (25-hydroxy-
cholesterol, 25HC). 25HC Jg& T~ IF [f B% Ak £ A4k
W eb ) PR ST, — e R Y e e S e
454 FE A (sterol regulatory element-binding protein,
SREBP) FIA% 32 445 i) 88 BE A= 1) 6 B al v MR 1 o
i TR B R A T R A R, IR IER e
ME RS e i EEAE R P, 8 TLR BRI A
THRRECT, BB AR SR A0 f L5 T I8 K
& [ CH25H. CH25H 1] # i B 41 e i TIgA 7= 2E,
AT 3 R 2 I (A TR A T i g 4 L A
kK

2013 4, Liu % PV B 50 K 8L, CH25H /& —Fb
ISG, APREAE[E B AL N R 25HC, KIEGUR
fER (B 2) o 7ERRIRANAD, i %1k CH2SH B
F 25HC AbBRA M v 7z 0| R d ), fdE
AKTETE TR FRTFE (VSV). HSV. A G ik b 7 2
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R R IR A (EBOV) 25 P, 1y ml i ok fE [
25HC 3 ik BH 75 5 A1 4 A FEE a2 0 41 95 7N AR
[F] BF, 75 CH25H %5 R i B /I B0 20 4 455 2
MHV68 T 75 5 K A= 2 Ik e
2.2 Tetherindl| fE BR BN

Tetherin 52 B 180 NS EFRZH A, AHX 70 F i
N3 % 10°%3.6 x 10* {1 ISG, 11,5 N 5 5 s 45 1 38
th ] 2 il 42 ¢ (coiled coil) 45 K4 Fl C 3t 4 ik
JETELEE (GPY) X o A5 e FE BRI 11 2 125 it £
H, tetherin i i J %5 Il 45 14 38 & C %y GPI [X % &
T4, Perez-Caballero &5 " 57 0, IXubsh
Faxt tetherin #) HIV-1 75 83 B CIEH 2. [FIR,
tetherin J& BEFMHIVF 2 LR BE R L, B REH7 % 4
Wi (LASV). H/R 895 7 (MARV). R IR A
W2 (KSHV). HSV LK BT 2560k 1 S 8% 500
7 U, A3, tetherin t AT BE A2 HE S L0 2 1O S A,
W siRNA FAR @B A U5 tetherin 5, HCMV
S HACF R 1

Tetherin BE & 7 F 5B, @A F WARRE,
SR R AR R 4 1, fE R, tetherin ] AE S
IS H C A GPI X g AT & 2 IE [ B A i 48 (lipid
rafts), AT PRHILRBITE . BB B b g A B 1 =2 4k
A%, AR # (1 HIV-1. EBOV) 12 A\ ZH M)
W&, A, tetherin T {8 Bh IS 551 TPk =
R M, SEIGIEE B, tetherin AR AR

PeOL

25-hydroxycholesterol
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nucleus
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IO

TE B8 N AR o i £ B i FE A B 28 R NLsh & A
o DT BH Lk PR RS B ) S A, ELIX R A L R
15 E VIR ESIEEE 1 CD82 55 17,

2.3 ViperingZlfEEEE 4 &

Viperin /& H 361 N IERRA L, FHX 71
BN A25 x 10" PR RN, RYEREE
40 L5 25 (HCMV) B er 4Egu b g %€ . B )5,
H mRNA #7514 1E Ay 4 4 viperin (virus inhibitory
protein, endoplasmic reticulum associated, interferon
inducible)"™., Viperin 7E4H LA 21 iR R 1K K P42
fike H&, TRFHME. £ DNA Hl RNA i # .
LPS il Poly I:C ¥Jfgsm 215 T HFRIA, FFHHe 2
(R ) U0, R, viperin A ALAE B B EEAE
Fi 1SG & A M.

Viperin i it #1] A 7% 1800 5 (IAV) A5 28
H 99w+ (HCV) B K AEumsEH, 1ZmE
AL SRR VARG "I 3). AHIE A viperin T
5285 % A R I FPPS (farnesyl diphosphate
synthase) fH HLAEF, #IZE &N, KR
AR R, IF a2 5|k IH [ B A ek /b, AT BEL LR
NEAETE i, AT 40 0 J5E PRy At s 1, 40 s 25 ) 28
RLFE B, R, viperin tAEIIH] HCV &, i H
viperin 1 HCV Jii £ 85 H 33 € 7 T 54 » Viperin ] N-
Uit o BEE AR 5 A HCV 95 &5 H NS5A (non-structure
5A) T DAL th 5 8 H Ds-Red €67 T4 L.
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Viperin 1] §§ /& 8 i T3¢ NS5A 5 8 48 i) 4 5.4E H
M40 HCV &l A, hVAP-33 & HCV 1ER 4
P B RNA S| S &P 67 e EE A, m
viperin A] A& 20 hVAP-33 5 NSSA (A ELAE
AP HCV S -SRI i, TR 35 500 7
TR .
2.4 IFITMZEBRES K

TE AR, TFITM (interferon-induced transmembrane
protein) &5 [ 5% 3 EALFE IFITM1., IFITM2, IFITM3
A TFITMS™ . 44> TFITM 5% il 03 B 35 75 A e 47
¥ g N 34 (conserved intracellular loop, CIL) 43 & []
KPR S & Gl (EAES S E B, TFITM X
1% J& T CD225/ pfam04505 25 [ #8 & e. %8 K 1k
L35 300 ARG, HEE — MRS & S5 IO R 5
A R B A RS B TFITM 28 [ 35 2 ) e =2 41
Hil Z MR, WEOR . B4 AU F (DENV),
HCV 1 EBOV % 4 5 # . IFITM £ H 5E fir T 4f
AR PR IRAN TR Bl AR, 32 S Ty e 2 B L B 0
BRINR AR S B,

IFITMI-ITITM3 7] 5#0 R E AR EH A
(vesicle membrane protein associated protein, VAPA)
MEAMEH. Hr, IFITM3 5 VAPA A H {FFH ol 3R
T 5 S E 45 A B H (oxysterol-binding protein, OSBP)
AR R, A AL T DA DAY 5 19X 8 380 40 i 2 A 28
S8 o oA A B DL [ e R, AT T 0 L A ]
EEARAS DAL #E N2 . [, 1 3R5A TFITM3
AT YA R B, PR TR B R B, AN
T FU0 97 2 RS 5 A0 PR R 2, PELLE RS 2 AR B0,
B2, TFITM3 Hiojm 2 L] 5 05 AQH 00 B¢ 2
Frdt— DAt 5T

3 451
TR, RERIHE R LR RARTE BT 5 K2R

Influenza A virus
budding & release
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TR EEEAEN . TEAPIR S SIS 0
HEN A, SRR E A T HAMNE R MAVS 2 5
Ui B R AR o, OE T iE IRFs A1 NF-kB i i AH
S RIER T RIS, 2010 4, Dixit 28 © B 98 2oR,
HE NGRS 5 P00 R R IR s . ZRbi iRt
AR Z 5 A A AR, JCHZIERA
W ATHEAL R ER AL, RSN . R A A
. XL 44 2 5PN R R ik
I Fide N, AU AT BELE DU BB e IR R AR s
HhORFEE EE .

WRR, Z2HSHMERENRPISG EA
BISMRH (& &R RE ) A%, CH25H @ik i1 [H
P Ak N 7K s 1 1) 25HC DAl 22 b B s 85 (0
HSV. HIV. EBOV % ) [\ 12 . Tetherin 5 AJ {&
W s i - Hom 25 ke 1, |, viperin 7]
DL I AP A SR i M, D IR AT R, AT
FEEH AL Y. IFITM 2, JUHSE IFITM3 B
1k P AP B N 15 R B it 5 A ok U, B
R, BESRAREAE ISG R B N R A 2F
AR EA O EEMER . Ak, HCMV &G
A] %5 F viperin B 43 A A 28R A E AL T
[ B- I Jii R 1A 5 ¥ TFP (trifunctional protein) [ 3}
e, FFRIR4UML P ATP KT, 5 3 20 B I ] 4
2 1 GLUT4 (glucose transporter 4) [FJ315, M
T ARG, S 5P s RARRER
E [28]0

gr bR, AU 2 i B L AR AR AE
FEYINRER  — )71, AHEE IFN 4Ok IFN JE
WA 75 30 LI 1SG,  IX L8 1SG il id % A A [F ML
WD EEE W TR IR, HPUREEY s H—T
I, JREEEGAM S, Al — RAME S B
Foobrm EAUNEBR A S A IR E S,
WA ENrmE. WlEMEIR R E 7R
AT AW LR, HAT, AR
LHumEe RN % B I IE 13 A R, AHSCHLE IR
AN SR, ABRARE G HR IR AR, IR i
AW RIAR A B, XL BT AR AU
BERIR ISR S B Rk, SRAHIE FAR A O
BERRGIE T 73 AL, 4 N TR FE 7 % B
SR HR A T A )T R B R i
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