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Research progress on the structure of viral IRES and

IRES-mediated protein translation

FU Mei-Xian, LONG Jian-Er*
(Key Laboratory of Medical Molecular Virology of Ministries of Education and Health, Department of Medical
Microbiology and Parasitology, School of Basic Medical Sciences, Fudan University, Shanghai 200032, China)

Abstract: IRES (internal ribosome entry sites) is generally observed in many positive-strand RNA virus, and also
identified in the cells involved in cellular stress response, cell cycle regulation, and apoptosis. The cellular canonical
cap-dependent translation could be shifted to IRES-dependent translation under some disadvantageous conditions,
including nutritional deficiencies, endoplasmic reticulum (ER) stress, hypoxia, and viral infection. By contrast,
IRES-mediated translation shutoff of the cellular cap-dependent translation was considered to be a critical
mechanism in some viral life cycle, and played an important role in the viral virulence, tissue tropism, and
pathogenicity. This review will focus on the specific structures of different IRES type and how it works in the viral
protein translation under the regulation of cis- or trans-acting factors. Research progress in the molecular
mechanism of viral translation would benefit to understand the viral pathogenesis and shows great significance for
the control of viral infections.
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F, FEIE+ UM EAZ R R F (eukaryotic initiation
factor, elF)HIA A1 FEATEIE; 5 —L8mRNA
B 1% K #5 T IRES (internal ribosome entry site)4%
¥y, TRESIHE AL T #H N mRNAE 4G %05 1 1) 3
IRESA 3 (RIS 458 5 A2 307 710 Bk s i, ik
SRS B P A, AR TR D (el F

A, TR, Bl JENE S5 RO R AR SR e
EIEHLRIE FERIERAN, BN R, BT 2Am
25 LR AR 7 0 R ANIRES A T 1B B i L) 2
b, HELEAH B mRNARE W A B A HOUIE 45 1) 1) B 128
1455 1~ (cap-independent translational enhancers,
CITE), FIH H G4k FIRNALE 1 25 & Bt in
T, I B EZERRGEEE. B, 5-umd
AN FE 5 (N°-methyladenosine, m°A)ffymRNAKE
Wil GelF3E AW T, HIEFEE4ISE S
T T J B4 e AR AR S F R . A TN
N, elF3d, WlelF3EHEAMILE, HaeielEh
HEHBMESE A5 EAH, TelF4EBRRFILHT, 541
JImRNAF)5"- 58 4509 B4 &, AT AR 46 TR O
RURHEDY . WF 700 ) B I S8 R 20 R A L A AN (L35
N T RPN R e, RN R T EATAEER
AR T SRR T T
1.1 ZHEIEEMKEBERE

TG V8 A2 M 435 K4 A i 704 38 1% 30 2 IRES A 5 1 R
B, HEAM PRI RGH T EZE =P (D)
mRNAZEEE/NZ R T FE R IARNA . (2)H ) IE
B A b R AR S A s (3)4H B KA BB AA I 2,
TE A I e ) I 80SHZ Bl 44

FLAZ AP mRN A 7 B A 5'-vig &1 1) 7- 1 5
5, 4F PR (7-methylguanosine, m7G)1E 5 # . 5'-uii A
P& [X (untranslated regions, UTR) LA}z B A5 %2 B IR F R
. (PolyA) B HI3-UTRY . {5 FAZ AW 2 HLIF) J hh At
Brp, BRERUTHEFREAB-tRNA (Met-
tRNAi). elF2LL K40SHZBER /NI =0 5 54
(ternary complex, TC). A1, AZHEAR/NIEEE(40S)H
ZEFImRNARS -wm M &5k 4b, FERH B R 1
cIF2MIMER T, 456 i antRNASL [FR ¥ pi43 ST 5))
2 W) (pre-initiation complex, PIC). A f5, 43SEH
PR CLATPAR A6 1 7 20 S'-UTR 741, S 231 7
AT, X — I RIEE eSS e lFAF R &
PI(HE 454 B elFAE, S 4L HE HelFAGHIRNA fi#
fie e IF4 AZLER) (R e TFAENE 45 & 3 A AR FI A
Fo fEMet-tRNAI] 2 % 1 1 5 40 S A% B A4 7. 25 1) JIk
FEARNAPYAL S AUGHEH TR N 2 5, k4

— BRI G B AR DAl R T 48S PIC, $i2
AL BEAR R L (60S) 1 3% 422 DA S 8 1R S 46 PR+
elF M, AT BEN B F i & B IR B . =
52 dliE 45 O B B B IR eIF 2 05+ JLRIYY, EA1]
E A% FLAZ 4 M TE 5 1) B B b e R v R 4 A G
EH, #rtZ 5IRESH N SRR G E, D
R BER T3 8 A PRIk
1.2 IRESHSHERREFE

IRESHHJ7E20HH 2880 AXL 5, I HiE K
2 993 8 (poliovirus, PV)FIfK LaJ1 %8 975 B (encephalo-
myocarditis virus, EMCV)Z K 4 115" -UTR 7 # 4
Eo X RN EEAR B T /NRNAJ 2 (Picornaviridae) .
HETHF SN RCEUE, RNAJEH 205 F D1
ANFIZEBHIIRES, JLFHIRES FAS A 2 Ab 3 214E T
TR ER, DR E AR R T elFA
IRES Jz 2 AF H [Al-F-(IRES trans-acting factors, ITAF)
A, BRRNAJ#Ah, HABREE, W00 5%
BEMIDNAJKEE, LA mRNAY, W3 KA
IRESTGAFIIA7

IRES Hh A 45 A7 2530 BUR I 45 46 1 52 0% — 4%
B =R A5, Al 2 FRNA-RNAMI/BRNA- &
HBAHEAER, s e ik g & A i R 4h
Bo IRESH W TV 2R ERNAY, DL S MR
JE 2 B A B TR DG I A R R N . B
FRERZ . TR RN 7 R S AN 2R A
N 2 SRR RE S M 45 K AR L B T e
TIRESHIEH . X AL 4 — Lo 5 2 H T i
TG MIIE AEA HOB BL B BN, AT R T IRESHK 5]
RRIE, SRAREEREE B & 8 E A

IRESFESS ) ERAT mE LN, X4
BV 6 PR 1 BRy 5 R IR ES S s U HI B 7~ B 7
SRWAFE . AR, IRESERE K45 1) /& 52 B 3
ALUATE TR Sc T . R N IRES S5 M s A RE
Jii B IRESH 0 Dy it X BB S 2 2 1 i B e, (REAT]
ReE il I Dy Re L BRI 2 5 IR B it AR, AT
BRI PR a6 DR -1 ZE R R R B 18 J5 sl N 1R 51 R
Bk, e THE A AmRNAR 12 ootk .

2 IRESHyZEHY

HAT, RNAWp#EH CAKIMIRES EEA LR
PUFhEAIE. /NRNAJE# [ ZUIRES (Wlenteroviruses,
EVsfHirhinoviruses, RVs). /NRNAJ#F [ T4IRES (40
cardiovirusflaphthovirus)). HCV (hepatitis C virus)
FEIRES (4THCV Flclassical swine fever virus, CSFV)
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PLZIGR (the intergenic region) IRES (#icricket
paralysis virus, CrPV#lltaura syndrome virus, TSV),
Hop, /NRNAWGEIRESSE M BN R G, HiE MR
RFEPE MG TITAFIIE Y MTHCVAEIRESHIGR
IRESAHX BURT, e %38 1 1 WA g 1) 45 1 BELEe XS
4OSAZNEAR I ILBEAT “Ehe” o TS A R 2R
IRESHIAHFR A, S HAEN N 7 B e i 4F FH e
pARVAE
2.1 I #/RNATREIRES

/NRNAJH B [ IRESH: A H A7 F RNA 1S5 -3,
M I A /NRNAJEEIRES{UAELE T WmiE w5, W
PV. EV-A71 (enterovirus 71). CVB3 (coxsackievirus
B3)LL K HRV (human rhinovirus)%%. [ %/NRNAJH
FIRESTEH NN IEEI 1 ~VD), HoaiH
310 - VI 3 B B 4R Th e sk, 4538 1 2 Rk
MURE I E TS T A A (B LAY, 75 IF B A 6 88 5 5
RNA ) 52 i i & b & 5 i B2 45 FH 1Y ZEIRES)3 -

A. Type I picornavirus IRES (PV) GNRA

C-rich

ribosome entry site

ribosome initiation site

U E A Yn-Xm-AUG-ZEF, H8~10 nthms g X
(Yn). 18~20 ntff[H]fT(Xm) LA f 2555 T AUGZH ik
(EITA), BFFEA N gt AR vk ah &g 1, T2
AL AL E AL S RIE Y BRI CAAL, Sk
VAT 4y SR A — AN GNRAJE 51— 5 CH (&
1A). 7E T B/NRNAJR#IRESH, Yn-Xm-AUGH:
7 REREAE AT 7 AR FEAL T-30~160 nt T i ) HL 5L
R AL, RIS 3 S eIF I FleIF 1A A 5 () 4
M HBE TN, RIRVITERIIAUG = BEALE
FEE TG OL N 0l DU 46 8 shifi A4, a8 s
[¥1] [ [X (76 B3 5 11 235 nt)[JHRV2 IRES, H R
IAUGH AT BL 5 45 #4938 VI P B2 & 1 AUGAH A
X, I HAZ X7 0 B AT CLFS Bh A% B A D RS i 1
AUGH B ¥:# £ B IEIAUGY,

/NRNAJH FIRES/ S (83 500 8 H & KA
I2A™, 3CP & FIMGAE/E % V) ORHG. W, 1E
EV-A71E G, 2AY)#EeIF4G, 3C 4 #

C. HCV/HCYV like IRES (HCV)

\ 5

AUG 3

II

; | | I
I i I v

IRES

B. Type II picornavirus IRES (EMCV)

. 5 IRES-1 ORF 1

'
miR-122 binding site /'

PK structure

AUG start condon

D.IGRIRES (CrPV)

: 1T
Yn h ﬁ C-rich
; I T rik entry and initiati I
e, o
J-K L

CCuGCu ORF2 — 3

non AUG start condon

A: [ MIRES; B: I[MIRES: C: IIIAIRES: D: [VHIRES. K3 SN AR EMIHRREE. WEEREA LK OLLTR: K
K N A T R IRES AR SF I ZE A 451 2845 5 IR Bl (0 41 S E 2 A R IRES H L AN B 45 454 s L Zh e dsibs LLAS ]
Bith: C-rich: &S HMIENE; GNRA: GHSHENS, NAE(THZTR, RNEMAKG), ANIREER; Yn: &SN XiR,

HAnZ18~10 nt (2 H 7% LHR[9])-

&1 RNAGRSIRESTEXAIL HEEH
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elF4A. elF5BLL X PABP, 515 3 40 i B 1% o
M. BEJ5, eIFSBIYIZLAE R B elF2, HMet-
tRNAifL 3% E40SHZHE AT L, M 7EP VIR YL,
2AT X IFAGHEAT UIHI, MM T ELelF4G N-iii 5
elFAB &5 Gkt 2k, (HHEIFF AT SelF3/elF4A K]
iU, BrLAPV IRESH 4k 4L 3LelFAG C-ufii i BL
45-6r43S PIC, AT 1 = 4T B M 445 4 10 i 1) 380 2
FEMIRESHI A SHBI . BT & MfelF 24, |
HIRESH A 5polyC4s & & H-2(poly(C)-binding
protein 2, PCBP2)45 4, DIAR e R 1) =5,
1 HPCBP2tH 5PV 83 B L 11, 5 B M i 2180
B PIAH M, BhAh, PVIIRESH 54141
WA O, FlanfESabinZ Ak, Z5RaE Vg
AR LHI55H 5elFAGHIEE & 11, BRI HWE
BN,
2.2 [[8/)RNAFHEIRES

I MIRESHI 7L LB IEAN I EEZAHEMCV |
FMDV (foot-and-mouth disease viruses)%. I 7
IRES F# UMy le(H, 1. J-KAIL)4L %, KJF
5 1 MIRESZEML, Z1 4450 nt (F1B). HEHARIH
IRESY [ BIRESJLF-¥#&A RN, {211 AIRESY
g FFIRES (IS-UTRAML, FiFXZ 50
R EH", IRESHI3 Il Fab th B AT 45 A
A Yn-Xm-AUG-% 7 (K 1B), Jf H &R 544
S el FAGK My e B B2 Y. S5 M I H T 5 Yn-
Xm-AUGH: 7 #eIF4BFIPTB(polypyrimidine tract-
binding protein)ii 5|, PTB/& H HiH 7B RN —
FHITAFGLAE - DI RRRAE G ST 4. 45 H350-K
RERS Y e IFAGSS & BT 73 Y JERNA,  Z X 31 i
REE R SoR,  T-KIXIR] LOKS 48 i FRUAZ A4 1 5 e IF4G
HEAT-1 25 /38 AHE N I 451 Bl 5, 7EelF4BY
WREMEH T, eIFAGHIRNAMAEMeIFAATE S [ BUAN
I IRESH Gk A4, M4 G43SE AW,
EMCV{JIRES T S (8 AR 46 B el k@ P20 i
S iEmEAF e, 1 T RIRESA T B i
AR, elFAGHIPIE] & HFMDV 4R G5 () 3CPofIL
HEMCV# L HI3CT™ 58 il h4h, GNRA. RAAA
AERIR T R E CHR(EI1B), 5 11 H/NRNAY &
IRES R AT 2A T 1 th B B VI R Y

i T 1T RIRESK M R 1% e PE, VF ZITAFE
A LUME ARNAFEAR 43112 FH DAAE R AR 1R 4H 26T
BGE B FIIRESH . 11, FMDV IRESHEHS 5PTB
FESvESS &, MR = ehi, H4IRESKA R
A7 AN, HE5PTBIIS AR IBERIRES, Bt

T 51 I B Rt R Pk fe, SFEURBA S BT
B, X —Ff A AN 2T K FMDV ik 8 1% 7 B (1)
FIAT S — P

2.3 HCVKHCV#HIRES

X KIRESHH A1 T Hm R A 58, WHCV
N2 A8 I8 9 B (classical swine fever virus, CSFV),
PA S 73 NRNATR B, 0% 138 99 #5-8 (porcine
enterovirus-8, PEV-8) FIJ# M 52 (simian virus 2,
SV2)) &2 5 Rk T AR ALIRESAS [,
HCVEKHCVAHEIRESK 7 0 , B4k 45 /) 5 N %
%, BT AT T

HCV#5'-UTRUGIRESK: 2340 nt, FHAL 14T
S AR ~IV)NNE S5 IR R, RERS R R SE &
A0SHZHEAA T S FIelF3 R A4, Hdr, ghikgik 1
M2 5 AR A M E G, a1~V AA
IRESVEHEPI(E1C) . Sikyis I B P miR-12245
AL, miR-12272 — P IEFRF 7 EmiRNA, 0¥
WEHCVEHIPY . R 1 X FIRESVE MR
W /N, AR H7E 4E ErmRNA & 5 M b e 35 8 24
FAPY, GERE T2 — KM A 255, Bk R
AL, w40 A Mafl by A>T fgt, Ho
SER I a A 2 TR RESE, [Tba A HER
AR NG Y-S 3t A Ty ab: B | RS Eoy AR N |
—MNEH6 ntf LA — N H 9 ntf) 245 HS1AH
HERE, M BCEA 7N AN IS 738 (a~h) B 40K 4y
K EER . iR ITTabe i FHCV IRESH TS, N7
A ZEM IR, A — AR Y i
PR 50f, v 5 2245 S2i AT L Be X
PLIE A 45 (pseudoknot, PK)&E RS, X b as k4
IR R N G BV N RN B S S E A TTRE R
AUGY, Gy IVALA7EE FHCVIMIRES, TMiAff
fETHCVHEIRESH, HZEI G0 & A i 4h %64
T, SR &GS ETT .

A, HCVERHCVAEIRESE 44 #1737 &
elF3. elF2fllelF5& Y, FEHpN=ADE: H
2, AOSHZWEMR T L SIRES — o WL R
JG, B AMEEIFIZ L 5 M Met-
tRNAM"-elF2-GTP = L & 5 #)(elF2-TC), FL[FIF K
48S PIC; ), HidelFSMGTPEHEL, BEimifHi7s
elF2-GTPHelF2B ORI GTP /K fift, L #E4H5260S K
W SE R BRI AR AR HESE L, eIFR2ER S
HHCV mRNAFH S 3 B AT UIA S fEIE
WA, elF2 A VEMERS, HCV mRNAJHIE L
iR BRI . BERIAAIE TN, elF2H THR
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T eE G, HhikMet-tRNA, V(K T HET] B eIF2A
BelFSBRT L&,

UeAh, ERA TR, HCV IRESAMIAER
) FH U7 5 TR A0S A2 A R W7 2L 3E AT 8%, b mT LS OE
T 3R AT B A A5 7R B % I SOSAZ MR AR A &5 &, AT /S
g H SR APROBE AR IIE HOREE “ TAE 4
W5, HCV IRESREAPT “Hhf” HISOSAZHE {4
A0S BE R B, MBI MR E 2 k. E
BYEREM S, WHCV IRES ()83 3545 [ 52 3
I, T B 0 T A 9 1 1 8 B
2.4 E[MHEBX (intergenic region, IGR) IRES

IGR IRESH ] &I EHCrPV (cricket paralysis
virus), A2 AL T PN BT B S HEORF 1 A
ORF2Z a5 44 o Ja KRB ZKRIRES A7 4E T
Dicistroviridaedji 5 X EPSIV (plautia stali intestine
virus). TSV (taura syndrome virus)fITAPV (israeli
acute paralysis virus)H, B HA LRI 2k
SR,

CrPV IRESH =4, RS &
IRESH ¥ #4575 (9PK 2 1D). 463 1 2
46 TIRESHIS Ui, B AT — i W ATIIA K25
INEER, o Y BRRE 2 5K 23 AL ) O R TiE
TR PN R A% BRI I 5 B [X B Ui ) A% T TR Bl A
Tk T2 RPK T, g baal 1T 2L A N IR S5 R 5 3L
R R A LT 6 BPKIL. - PKCIT AN PRI 35 43
ZERSLIRI AR T IRESAZHE (A 45 45 A% 0 X 3BT,
Forb 55 B P AL T 4R i, A5 Bl T 5408/608
A2 W8 A W 6 A B AR P IRES 45 #  ITTA 7 47
&, WEAPK [AE SAK AR, H Pk T4k
AT E I HAL T BB — N0 Bl S5 RIS
FIRES 5% &5 6 I E 6 1, (HIESOSILHE
ARZE A% 5 R HE B PR AL R v 6 B A Y

IGR IRES [ FIEA 2 N2 S AUGHE 4R % 15
TIFaG, R A R T, ) g B Ala
GCU™, Bl Fil Ala-tRNAT A /& Met-tRN A 17 ##
P FEPK [ 540SEME AT B AL g &5
eEF2fl & PK 1 H 28 — AR EL L BIPAL £, B R A
AL, B G SEAH K] T e EF 1 AN Ala-tRN A7 2| AL
Mo HeEF2E#E 5 — AR AL A Az, TE BB PR 5E
™, IGR IRESREWSTE AEMURAS 5 ME IR A s
AT AL SRR A R T Eh ), R
IRES 5 HABIRES AR 2 At

MART S, HCVERHCVHFEIRES, bLAIGR
IRESH A 7 51 8 48 (IRES, 7] LT ke sg 45/ B

PG GA0SIL RS, JF HRNA-RNAMIRNA-E
53 S5 A A A Re 5 A2 @ IRESI % O 4544 . A LG
ZF, TAITIMIRESH A RIEM M, FfHixik
IRES & T AR LE NS 5 [ = R S5 WA F R 7t . 1EAS
TEREME, MR 76 1% FFIRES 3% 1 1 F
AR BRI, R R R A .

3 IRES{R#FELENFAHIAE SR E T

3.1 eIF5 IRESIREGELENIF

52 LR S5 A O 2 B AN R, IRESFR
T B I IR AS T 200 BT R el F &
. BT 1. IBIRESHKYE, [elF4EAIIF4G
IN-sibbh, —MR& MR R T2 L 71, (BAE
IGR IRESIBIFE R IAE R, AT ZEIF
B, A4k, HCV EXHCVAEIRES, HFiir S HE)
BT FelFE 2 ZelF3, elF2. elF1A. elF5HI
elF5B, {HAENBIZEAME N, elF2(1) 31 3K it e IF 235 il
WERR Ik, ffielF225i%, UiTelF2D. eIF2AFlcIF5B
SRR T R BLE RelF2,  DUZ{EHCVE]
RIARDEATS . ez b, KEZHIRES, R 5L 40i
FEKIRESHIBIE#E IR, AR EA MelF, &7
TR ZITAFS 5,

3.2 ITAFRYZERI R EHE XM

RYE MR AR, K502 F
ITAFR] = E 5 A EE . MR EAAKEEIE gD
RNA (long non-coding RNA, LncRNA) = K (F 1),

BEHITAF R E R L —K, BWMNANR
g RPN, S HIRESIKIMA . £ 30
¥ Wi 4% 25 H (heterogeneous nuclear ribonucleo-
proteins, hnRNP), #ThnRNP L, ERERES SHCVIH
BEMIIRESAHEAE M, i 21 e #EHC Vi 75 5
[ E T A Y, thRERS B S FMD VIR #1RES
ZE AR FMD VIR 8 03 5. F A, BEA
ITAFIE A & HoAth i #% 4~ 8 HHuR (human antigen
R). pS4nrb (tBFNONO, non-POU domain-containing
octamer-binding protein)%% .

ETHMRITAF, KZHEZEERED. &%
BEARAH G 1 DA R i S 4 Bl A i IR 1 5 5 R L
MEUIMRHIEE . #WRps25 (ribosomal protein
subunit 25), BEALEXN K HP R D
RN A 5 A0 5% 55993 75 55 95 25 BHRE S5 14 FT 44 75
1, XFF 20 2 AR 10440 g 2L K IRES A A 8 %
AR R, BRItz Ah, 5540 5 B 5 AT 2
BE, EARRBEGITAFIIAE, X IRESH
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MR, HIEAEES SRR GTES . W
F BN UALEAT T AU VASH -1 (Vasohibin-1), 7
W% e NITAFZ BT, DAL A R T S e
i A A BT,

M E%ITAFT)RE I LncRNA, H i &M
p27kip IRESH 4 #|#H TRMP (TP53-regulated
modulator of p27), [FITRMPW /&p53 5 B4 5%
WIEHEERTY . S 4h, EH —%%ncRNA (noncoding
RNA), i{EFFHCV IRESHImiR-122, iXFf T
M mIRNARE % 5 PCBP23% 4+ 1tk 45 5 HCV 5'-
UTRIX . HHFPCBP2E it BH Wr 5 35 2 4 975 B¢
RNAFE Z 2 55 HI0/EH, Kith, miR-1220)45
H RIS TE — AR LI SRIRES ) B 8 35 1R 7 (1
20).

FEXITAF BT KL, [F]—MRESH ] %
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Z/NITAF I, WIEV-A71 IRES K3 14 R 52 )
Hsp27. Hsc70FIDDX3%:10% Fh A [6] I TAF [
1%, Hsp2 72 K & (I (HSPYZ R Ik 51, L2l
Re 2By b Ao R i B 0 SR AR, FEORY A e
SO R RL I (91 Qs iR AR NARD AR o EV-ATTI) K
Yt S ETHsp2 7 H R IA B, MiHsp27R] LS
EV-A71 2AP°ZLf#RelFAG, 1T $1 1] 8 45 ) 44 s Y
FIEFEY(EI2A) . 203 (A Hsc 700U i % 1 15 9 4% 25
HAAER, 3R % I TEV-A71HE N T 40
Mo, EV-A71ERYL S, Hsc70WAEIMISEV-ATI]
2AP R elFAG, FL[REIFHITE F mRNA K IE &5 14 1K
FALEN RS (BI2A). 534, DEAD-box RNASi# iEf
FR ) 1% 7R DDX3AMY e % 15 e IF4G (1) C- i 22 i B AH
HAEH, iLREMS 5EV-AT1 IRESHIZ IR VIS &,
B TFRNA R 5 DA AR AR E N, T3

B.
RO,
G "\,

| “*f = S
’ &

C.

§° 87
D.

5 3’

P H R 60 2508 KA TR AH & R R ORIRES AR S5 40 s W CAZ iR S5 W R R BRIt M s D i S Rom i R st s e
Wik R Z R RE M . (A) EV-AT USRS S8 Hsp2 7R IE L, JFGEEV-AT1 2APR#elF4G, M #00 il 45 #4 4 fgi 7Y
e, [FI, A0fIHsc70MAE S BUNEV-AT1 2A™ & fi#elFAG, #IHi1E 3 mRNAFHE UL EI % . 534, DDX3AMNAEL
elFAGIH C-im AR EBAN HAE . B R SEV-AT1 IRESHISE MR VIZE &, PrBnfif FFRNA R 450 DR BEAZ B AR E N, AT 384 55
JRHFIRES/ R e (B) Unr2s &IRES G H 4544 K A8 4k, fR{EPTBSIRESSES & I 52 40S X BEA 4L . (C) PCBP2H]
W3CT 4R, FIPCBP2E IRV L5 & il 8 I # i #H2¢ . /EHCV IRESH, miR-1227] 5PCBP25 4+ 455 HCV 5'-UTR
X, fF—EfRE LHRIRESHIEI . (D) EV-A71 IRESHIIE TN TFBPIA #2 AP )], 7= N-i fIC-36 Fr Br . N-3fi
VI =P n] 5 &K FBPLYMEMR B EV-A71 IRESTEM: . (E) DAPSH{i2idf il PNIRES /-5 AUHHIE . i #3 & Y)5, DAPSH #CVB3
2APY)E|, PEAEDAPS-NAIDAPS-CIAN By EEYLG ], DAPS-NS A7 40, TDAPS-CH 7840 A5t b 3E 4041 241 e
WAL R I
E2 ITAFsSREEBMEE/FAZNKRSIRESEGEREIF
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589K FIRESA S HHIES" (K2A). 5EV-A71 IRES
KAk, VFZIRESHS S 2 2 Fhf 4F 51— K ITAF
5, IXMITAF I 2 A 938 5 8 528 L4 52 1
IRESome, FHARMEH A4 Bk T ITAF 2H slof1 /R
FBRF B IRES . h4h, #FFit R B, A IITAF
AT DL 4% A 7] 955 25 R0 40 f 25 B IRES V& 14, fiR 45
IRESHIANE], fefg g IR sl g m R4 /E

3.3 ITAFEIZIRESEIF R 1A ML H

B ATA, ITAF I35 P 52 20 A [F) 2 H0r i
W, AR, SHEERNAM LS. BiXE
&4 LA S 5 ARl eIF I AH ELAE FH 2 . 1 THRE CABIE 5%
BORTE FEM — L FIE T AT .

PTB ) ¥ % 5 HEMCV IRESHIITAF, H Al
A RERS AT 128 CANFR EEIRES, DAL %/ 14
441 ff B R IRES #9167 PTB 3= %2 5 A 141
%, R ARSI R I i Re, HE A4
NMRNA R 73 (RNA-recognition motif, RRM),
ANRRMAEWE R E 1) 741 o B 7N DL SR 42
F H H FE R (tethered hydroxyl radical probing)FlJ5
NIV, XPTBAE 1 RAN 1T RIRES 45 &
B AT T RERE AT, HSIRESHRS Rt &
AR EIRESSEE 1, A H T elFAGHE & FHHIRES (A
2B). Xi%ZEPRHPTBA|H HRRMIAIRRM2iH 5 I
Z5GEV-AT1 IRES)G, #4rPTBREWS I AH AL
MG, JEE— PG EREV-AT1 IRESHIHIIEE
P, TR 3E 9 75 2

Britz 4b, PTBAE T {E ARNAZF TR EAE
H, 5 AITAFIL [F AT IRESHE . Flln,
TEXTAPAF1 IRESVHVE VAT (13 #2H, Unr (upstream
of N-ras)# S/ SIRESH A 2238454, H/3IRES
FEAR AR, AT AT nPTBELPTB 45 & i s 2
Y, BRI R AR, T R4S 5408
A 7 5 Bt T A X F R (BI2B)

Fhk, ITAFIE 689 16 55 8 H g K #f i L5
RIEEH . PCBP2EA = AKHK, HPKH3FE
EfiPCBP2 5PV IRESERIVE AR E AW, 1%
AR HLZREAMFHLEFEY, PCBP2i
A[ 5PV IRES L Z IS K 3C™ TR =0 R
&N, WWE SR AEERNAS BT E R B T. 7
I EERNAS B R UERT 3, 3C™° 24/ PCBP2, Mk
PCBP25 ZE 3R IV I AH BLAR I FE 4 B R (B12C) . B
VI 5 FPCBP2S SR Rets 15 20 454 1 456 HF T ik
“REAY, JHFERNAT G P REREHES, Hik,
PCBP2 ) EIk% TA A2 9 B 2 11 0 19 ) it K] 2 52 11

e 7 R SR, ITAFRIYIEI A B2 S5
BRIl WIRENW], EV-AT71 IRESHIEHTIHA T
FBP1A] LLZEG3 71 bz 2 AP Y) ), 7 4= N-3ji M1 C-
Ui ;v B, FBPLRY)E| A 1 AL ] B X RN AT
i 575, JEHFBPLEIN-um V)R =4l 5 4K
FBPMER#EEV-A71 IRESHIVE M (E2D).

ITAF 7] DL i 5 eTFAH BAF FH 52 e IRES v
4. DAPS5 (death-associated protein) &elF4G 2 5K
K7, DAPS L elFAGH A Y5 3 ZAREL T oA
FrB, 1% B & eIF4AMelF345 & [X o itk 20 By
5K W], DAPSHEEH 5 MIEES & H HelF3dH
PG, T B B AR AR 4 B ME 25 0 A R 2L R
B, DAPSHEDS L3k A Y mRNAJE T IRES /1 51
e, RIEMMMETAKEH, We-Myc, Bel2,
Apafl. XIAPHIc-IAPI/HIAP2%%, fHA31ER 12,
AR Ry FE T, DAPSH £ 0% & & MK
fift. WICVB3IKYLSS, DAPSHE2AP Y% 5 P~ E AN
FrBt, DAP5-NFIDAP5-C (EI2E). 7 /& 4L i,
DAP5S-NZ A B4 fif%, MiDAPS-CLR B 78 40 i i
FA 1) 41 B 0 A B B B, TDAPS-N I
RKIE K G B — e R B T s )
FILFpS3HA Y,

H L AT O, AN [F] A ITAF DL K AH [RITTAF ] AS
[EIMLE], FEEIF R 7 IRESTEE 15 15 42 2 .
e, W FCITAF i #E AL H A AA BT 3R T #
IRESHI D RERFE, B4 BT R BT I B0 25 50

4 BEERZE

AR, B B R O A S IRESAH B
TEFIAIBLEIBE FEE— P ER N, IRESTERI BRIz
YERMZBH AN 7. Br 1 LR Prig 2IHIIRES
RIS AL, BT TN SRS R IR ES AN AE 5 1
9N R A AR AL, L B A D R IA A
2 e ™. MITAF S IRES A BLAE
X IRES H & 4544 7= A 5 M 2, i H R JATA
fE FURFTRES U ALy — AN R 32 o0, 1 B
LHFIRES JAH K I TAFAE 9 — MRl 6 1 152 R 40K
¥

i8N, 1FaE TR T B AN M BRI,
T BEIRES (198 7% 45 4 LS A S Bl 3 =5 W0 O TR B
PLEEAR 2] T i — P R . Ik, NeupaneZs™
& Bh ¥ U HL 8% (cryo-EM) Al 5 44 80 9% &2 46 2 b7
(reconstituted translation initiation assays), KILCrPV
i #55'- 3 IRE S RE % i B FL ORF 172 45 % 4 1 RiT )
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