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Letter to the Editor

RNA Granules and Stress Granules in Virus Systems

Kyongmin Kim”

Department of Microbiology, Ajou University School of Medicine, Suwon, Korea

Viruses initiate a number of cellular stress responses and modulate gene regulation and compartmentalization of RNA
upon infection to be successful parasites. Virus infections may induce or impair stress granule (SG) formation to maximize
replication efficiency. SGs and processing bodies (PBs) are the RNA granules, which contain translationally inactive
pool of transcripts as the mRNA silencing foci. PBs and SGs, the highly conserved macromolecular aggregates, can
release mRNAs to allow their translations. Unlike constitutively existing PBs that can respond to stimuli and affect
mRNA translation and decay, SGs are specifically induced upon cellular stress and can triggers a global translational
silencing by several pathways, including phosphorylation of the key translation initiation factor elF2alpha, tRNA
cleavage, and sequestration of cellular components and so on. The dynamics of PBs and SGs are regulated by several
signaling pathways, including histone deacetylase 6, and depend on microfilaments and microtubules, and the cognate
molecular motors myosin, dynein, and kinesin. SGs share features with aggresomes and related aggregates of unfolded
proteins and may play a role in the pathology. The recent advances in understanding the relationship between viruses

and mRNA stress granules are summarized.
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ol &= A A(endoplasmic reticulum, ER) 2=E |20 2]t
PERK7} &3ttt} 48S HANAIHAETAL 558 =
7491 SGolli= 40S A AMEFY, elF2, elF3, elF4A,
elF4B, elF4E, elF4G, eIF5 52| WA/NAI7] 77} Tt &
Sk T-A A S M EE U & -1(Tocell restricted intracellular
antigen 1, TIA-1), TIA-1-¥+& ©H9 Z(TIAR), RasGAP SH3-
591 A 1 (G3BP1) 22 tjEAQ) 54 RNA-4
ek 2 (RNA-binding proteins, RBPs)©] AT SGoll =
1 9ol thE FF2] RBP7}F EA1 (2). SGoll= B
2321 ARl mRNAZE Jor g, ShksiAl vl dghyg
< 3}l polysome™} mRNAE 333 PR HP
oA SG7F FrhAAe] 9ehe 3 Aoltt F, st o
WA S 9JaiA SGE RNAS g5 How WEsiy,
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= YRE 9ds] wBs 4 Qlth mRNAZF BRI A&
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Aol ek AlzoA 9] SGo} PBY HE A8 9%
oln], YA o]x "k mRNP] 7}al w3t Qo= o]z
G Age] 7)ol 1 B4l tiste] 2 e AA] o

SG7F AR FAA B2 71he] dsA o
$ w2, 9 RNAATEH A Arh-gelmeis,
M & M3 (post-translational modifications), W] A|A~T
(microtubules, MTs)= &3k mRNP ©|& 52| &34 77
<= &3 SG7F FAHETh o]BAoRE oY Tagh ¢
A Z shE vlole]rt oAIsHE SG S oJAlIsHA
L WstAlA 4= Slth TIA-14 TIAR 9 G3BPO] AP7b-&
Yz SG &3 2710 AiAQl Ags b, TIA-I
L TIAR 3 G3BPE FTAA7|™ 242l SG 4
o Fi¥Th TIA ©d o] C-Edhe] SFErlo] FH-
Sk g 2A F9)(C-terminal glutamine-rich prion related
domain, PRD)E W&AAI7]H SG A4S A5, PRD
7} 9l TIAS] FpE S ApEAQl SG B S F=skA
eEth 3 TIA-1Y TIARO] §l= FHujopid ol
(murine embryonic fibroblasts, MEF)= & =~Ed >~ ZJEl
AME= SGE 4T o flvk G3BP:= QlAks-ojE=4 o
2 A2 E AR 5 9len ok=7]d(arginine)
o] T3l PxxP H-917} 9li= G3BP T4 F-¢l¢f
2 SG JAE JAF TIA- 14, G3BPE siRNAZ
oAl 7, B G3BP MEFE SG 42 & 5 ¢l

HgA o] Qlakalasgl MK-STYXel 284 G3BP7} 2
2= o}n] 4k (arsenite) S A 23 Y G3BPE Hd
o= SG FALS AT E, SG FAol G3BP7F F&
= Zo] gty =3 SG ¥42 wiviet= G3BP
Asl7] Y8l G3BPL] Al#(serine)1497) 14ks) s
o] Il sk ikt aie o] WeA A %
oh 2 9ol QAkstr-Hol el G3BP S149E
HFA7IH SG FAS AASHA, s ETHs
-Ho kM2l G3BP SI49AE Q1o WA 7|H
wild type (wt)2] 7-%- SG7} $1AI5}HA H T}
QoA AF3 A Qo= sG] IEAS FHdH= o
2] ghEe] WMo - wedo] SG @/dol vt o] d
= 2 O-linked N-acetylglucosamine (O-Glc-Nac)
3}, e SH(methylation), ©}AIE SKacetylation), 14+s}
ojth. o] T UF WA= obA A AT AHE A
£3h npole] o] i} ASk i ons s
ATHA koL, wpojelze osf 1 7)ol x4
7FsAdol itk wiAeo 2= MT¥ MT EE WA
t}o]d/cho] Al (dynein/dynactin) @} 7] W] 4] (kinesin)©] SG
PA4S v7lsk= Aot} (3). Tubulin} heat shock protein
90 (HSP90)S ZolAlesleh= 3|~E dolddslal 6
(histone deacetylase 6, HDAC6)= SG Ao MT 2E| <]
Ao ® MTS wet ol &shAl ake] SG @/l wofdh
thal AE AT (3). wEA MTS SiAIA 71 SG 3437
slako]l dofu] gFom, 7l o] 22 SG7F ~Ed
2 AAFAo] dAEe] AEH 2N EEol o1 A
gjo] SG7F A&t ey ek SG7F A7 SGE
Askzl MT7F |aFs PIAAE gt 5, vold/t
ot s} 7|u]Al REGM A S ofAletel = SG7F AhaL
HZ A mefoz @AgHo] o] & AEg XA Blou
= I e sG7F AgETh F3ehd SG Fde oY
el Fag AU de] Wt 3 RBPoF AlEE
Ao oG-It g2 oy alo] A ofdith wim
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o

A3 mABE g o 2= ulolexrt o] B o
3l 2]-3(viral adaptation)3}7] 2 Ao]t}. T3l nlolg At
SFAE] o] A& AesAY dejgo N vy
3 DAl A 2] AEH A WS Srdt) 242 RNA
AL #J(RNA silencing)ZF RNA A7l SG7F #efst=
2 oJg] RNA vlole] 27} SGE 2Fettlal g zo

DNA E]-O]Ei/\ A SG WHES xA4sit) vlo) 15_7}

M

SG 7@9} SAgg Ay} o] dFo] vzt
(Table 1). YA o2 tjite] nlolej =& A7 &
o} SG 4 % AASHAI R, UF- vlolg A~ SG S

=3ke] SG WHe] U= A o8| = gt

(Table 1). e o]e} 2 wlol2] 29k SGO| e Atg
7170l s ANt o vE ofA) & deA|A] ggkon

Alalx] F7keofoF & Zolt.

ol A E2 %7._“:._F71|01|H HEO| 24 20

X % @ v}o] 2] 2~(mammalian orthoreoviruses,
MRVY= dEA e ATl AYshs o] Az te
Hpo] 2] 2 F(strain)?} 7+ AlE o] we} elF2a $14ks}H-

o)&719E Fol SG FHS FEATE Aol Aol o
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subvirion particles, ISVPs)2] %H(dose)oll wehA SG S
FrrmataE, volg s JAYFHADAANA SGE Fr=dh
o (4). SG B2 fI8) vpelelx fFHAE EEE 29
= 9o} 1 g2l vlolel A o] WA SGE
AA g (4). 0] A A= elF2a IAES7) Wol o

-

o] SG S FHs= AEHYAE Bstal, ofvl4t
030114' -1 ﬂ r/]’t 7@ = *ﬁi% oT O:]‘_'H THe
MRV7} SG XS JA|5l= Ao 2 Hol MRV elF2a

Qliks} o] %9] SG FAAGAIE oJAgT} (5). g 95
821 o3k ~Eg A “EHOHHE MRV A7} ol
A3 (translation) S dh= A2 SG7F FAEA| & A
WHEY 5, SG B4 Z710= AlE F alolg] s o
WA 57 AAHARE, sG7F A= $7el= vt
olg]~o] ChM AT L ol A|s] %] Qre)

gidel] sFAEe] Tl AR S JAlshs 2 clone
8 (c8) and c87]9} &JA|E}A] &= Dearing strain®] | 21}o]
g 2o A SG7F AAA7IRE w3t AlE EAEiE gk
SG A4S FEshs dlvto] 2ol elF2a 4TS}
oF SFAE A AT FaaATE doke Al
sl X th. <, Dearing strain elF20 1482l AEE
G S0l sG] HEs wETE Aot (6). THsHA
ME o mlole] s F B SR A SG WHE-o] 7
o JehE R, o]5S A4 =

2

o

3 E2dste AR T A B v YAKintermediate zZF g2 24 7|AS B
Table 1. Virus infections may induce or block SG formations (Modified from Thomas et al., Ref. 2)
Virus elF2a SG induction SG inhibition References
phosphorylation (marker) (stressor : marker)
Mouse hepatitis virus Yes Yes (TIAR) Unknown 15
Semliki Forest virus Yes Yes (TIA-1, TIAR, elF3) Yes (arsenite : TIA-1) 7
. L Yes (TIA-1, polyA+, mRNA, No (heat shock :
Positive  Poliovirus Unknown Sam68, G3BP, cIF4G, PABP)  Sam68, Hsp27) 8,9
stranded
RNA ;
West Nlle. and No No (TIAR) Yes (arsenite : TIAR) 11
Dengue viruses
Yes (arsenite : PABP,

HIV-1 No No (PABP, Staufenl) Satufen) 12
Rotavirus Yes (arsenite : TIA-1,

Double (Reoviridae) Yes No (TIA-1, elF4E, S6, PABP) ¢IF4E, S6) 10

stranded

RNA . Yes (TIA-1, TIAR, G3BP,
Reoviridae Yes ¢IF4G, cIF4E, ¢IF3, TF4) Unknown 4,6
Herpes simplex virus 1 Unknown No (TIA-1/R) Unknown 14
DNA L

Human cytomegalovirus Unknown No (elF4G) Yes (tahpsigargin : 16

elF4G
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A

T&= ARgste] SG Wk
o]t}

&opnto] 2] 2(alphavirus)?l A2]7] E~E wpole] 2
(Semliki Forest virus, SFV)%= elF2a S14k3}- -/]ixq Al o
= 49 2719 sG FE sk, Al S5 o
A AR (7). TIA-1°] §li= MEFe 7“”@”4
Fo @ ERd AA7E = A BE, SFVE S50 o
MAAS As7] 18] SG A dH-E FEs)
MRVAHH SFVE 7H9 $7]0] 9)F9] ~Eg 2 g2l
93t SG A4S JASE MRV} E2] SFVE o]~
2ol %&?‘& SGE fri=slH ulo] 2] ZRNA(VRNA)2}
FBTAZE ATk &, VRNA o] #
< A9‘r TV 24 7F obd AlxEE
?lel sG7F %t RO mA, nfoly 2523 HAgshA
Iy HHo R SG FAo| A= (7).

MRVS} SFVeb= de] 3] 42 =Quto] 2] 2+(AxofmpH]

uko] 2] 2, poliovirus, PV)E U5 A|Z oA elF20 $14+3}

o 24 714E W

o
o

=
T 3

)=
m?L' 32

—elEd g0 49 210 SG G FEEh

G3BP$} elFAGI7} & SGE 9 2~3A1% & Hax
o ol2m (8), ol %3 S 7}
SFVAH PVE oAk e SR ~Eg 2 o]t 7]
XSG (canonical SG) A& o

Pvell 9%k SG | Aok 2l A F710l= TIA-
7b A= 2ol wEEM Al SGeE AdE] 2
th (9). ZLeu PV-RE A S]] #5400 E—Zﬁé}b TIA-
1-44 - SG AR HAMAIAASF -
mRNA7} §lo B & 7]2 SGi= ofyth Pve] W %
< A o] FAE MANAEEAE ARl
A TIA-D SR EeAZ 4= 9o, Aed |

AlEREA o] R 7] THE HEUA] Aol T2
rjr PVE 3Cpro(Hlol#2: ©ad {3 a4y’ SG
3BPE ZE}A G3BP RNA-Z3 §-9 & whid

F-917F #elH =S ate] SGE Al Th(Fig.
1, Table 1). ®3E#] ZE= @H@—Zi?% G3BP Q326EZ
W shd 7fAIRIAE} mRNAVE = 715290 SG7| &
g% aL nelg g o] thef T s HEE SGE
3 vpole] 2 FElo] Q= AoRE HRIT (8).

CE 7 nlo] 2] 2 (hepatitis C virus, HCV) =
Z_}O‘gﬂgﬂ_ SG 651130 TO'_EO].X]U]— 71—oﬂo]
K AEgaat=o] faixd SG
1} MRV, SFV, PVe}=

1> 18
=

~
2,
fol
oo
obo a

R EL
AEAA o)
e AP 17

9], HCVE 283k SG ARS 2

K Kim

StojA] mlo]|H 2352 F Y (viral replication factories, RFs)
of ARgstEE AEY 2 oA B 7EA 9] SG 3#A]
QIXF7} HCV core Wl Ay} Al b7 Y x|5tar Qtt o]
AL vpo|# 2 712 RNAZE a&4oz F243517] 213
A Hto]# 2 NSSB T 83 5471 RNA9] 5 Hete]
G3BP1 % th2 IAbE FEAgshr] e Aol
SHEAE M2 e AW FH(lipid droplets)= &4
3 e ARG F3ol| SG AE3l G3BPE} ataxin2

7} PB 41?1 DDX62F HCV core @i go] = i),
wlx| 9t O 2 Dicistroviridae?+2] cricket paralysis virus
(CrPV)= 9 sl =39 TIA-1 sl

Rox89} G3BP “&T# 2l Rino] SGo| EF== 2
S oAste] SG S - WHFig. 1), polyAZl
= mRNAY poly(A)-Z 3kl & (poly(A)-binding protein,
PABP)©] SGoll E35= RS A= =) ohdst
2EY 2 Aol A9 CrPV-EAAIE] polyA- 2F PABP-
P4 TS VERAE Roxs Rinol FAkso] H¥3)
AL Atk A2, CrPv7E 542 SG BAIRIARE AAE
Moz oAtk Aoltk Wb voleze] £l
Gk A= o)k SIAT, Holelzol o3 SG
oAle] 7)o EEvlolel st ERrlolel oA
HER] Qlvhe RS & 4 ok

A ag7[Zt S22l Hio[2{ A0 ofet
SG A 7|H

2 THY vlolgf oA o P (whrte]ei Tt
o= SG7F |

= Eok AFE ] ko elF2o 214ks}
of oJF »~E 2 A58 X% SG Aol A=A
gk o] Al tigt Mg 71 & A A A ek

ZEH}o] 2 X (rotavirus, RV) A2 elFR20E $14FsHA]
71A%F SG FAS FXeHA o opuakdS A3
= SGE FASHA &=th(Table 1) (10). SHEAIE &8

2ol elF2a Q1Atsh7F A shA] AR =
ME oAlety] Slal vpelg =T ads
A5etEA elF20E 12ESERITE (10). ©f
A g Wol e R elF2a

1A 9% MEF:E wdgiyo] ghisl

ARV F

ay)
=
mﬁ
o N ﬂri

m1m I

Al dojdtt.
7}t] 2 Hfo] 2] 2~(cardioviruses) 5, 53] Theiler's murine
encephalomyelitis virus (TMEV)ol] 7% o]F ~Ex]
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Figure 1. Several viruses inhibit stress granule (SG) formations (modified from White and Lloyd. Ref. 1). Sequestrations or cleavage
of SG components are illustrated among several mechanisms. The inhibition of SG formations by the interaction of human T-cell
leukemia virus type 1 (HTLV-1) Tax protein and histone deacetylase 6 (HDAC6) (dotted box) is emphasized to demonstrate that HDAC6
is required to localize SG by motor proteins associated microtubule transport. Deacetylase activity of HDAC6 may also function in SG
assembly.

25 Folk SG PAS AAs) Edo] A o 2] 3 Z(stem loop structure, 3'(-)SL)7} TIA-1 &
(leader protein, L)= 7} TMEVE 74 713F &< Ul TIARS} Eold o= A3l TIA-19} TIARE 2 &8}
SG FAE& fFxsly] witel, TMEV ltdid(leader 02K SG FAS Al (11), o] AF-> npoleix

protein, L)°] SG A} & 9lv). TMEV &= S0l Hk=A] Q38 (Fig. 1, Table 1). DVE] 3' UTRZ}
£ 7}tt] @.nlo]# 2~ (Mengovirus$} Saffold virus)e] L ©F9 5' UTR2 SG 22l G3BP1, caprinl, USP109} PB 4]
AL PN 7| SG AL oA Al DDX6 (RCK/p54)S Zollz]A] o]F7}eF RNA

HLR Fulntel2] 2 (Junin virus)oll S nucleo-  (dsRNA)7F 91A|8h= wholg A4 F-9lo] AR7} E4

protein (N)o]W+ FM = 5 A|(glycoprotein precursor, HATE SG AT o] SG-FALERAE SH-EH A A
GPO) WSl SEeh: Aow FAHE /Al el = g AAY mth e SG wude] ulolea%
oplA Ael Al elF2ae] Q4RSS SlARTh el A A FSlelA sk odee mE wheld Ae opAu,
AE Vero Aol I Azl N @ dS Ud3t DDX69} 3' UTRO] AS2-8-2 DV Hlo|g] o] F2lef 4
3L GPC ' #lle] vhe A9ol= AAEA @ AE 38tk
A9 SG7h Hg € T Ee] dERutely s % SG S AAlsh=
Ol ZF oA} A wlo]e]X(influenza A virus)oll A= Aoz dHrk WA AbgH A A nke] 2 2-1(human
AE Yol SG BAS F538k4 H3ch 12)uf NS1 & immunodeficiency virus 1, HIV- 1)% L e[F2a7} QlAMENE
AWol7b Q= Hpelglii= PKR-OE4 A= SG7F € & & skl opHib S APEsls W SG B8
QB IEFdAle]# 2 NS @uldo] PKR &4 AT, FRrtolilS APsds v SG 48
SE oJAlste] SG S wheth 12y SG FAo] b AISHA] fETHTable 1) (12). ©]=4] HIV-14] €]g+ SG
oA A} AWEAAE, elF2a Q1AFStR QI Wb A ATE elF2a 1A U wAllA dojtths A
olelz WAl oA me Qe o % gltk. & hE 5G EABLY Saufen & Hlo]
Z vl uto) A I Flaviviridae family)S] ]/\Eb]—ohﬂ]- 229] Gag @A} 45 2851 A 94?1 HIV-1 ribo-
o]#H 2x(west Nile virus, WNV)9} 7]H}o]2] 2~ (dengue nucleoproteins (RNPs)7} H}o]2]2> A =2 encapsidation
virus, DV)i= ©JF-2Ed27) 0¥ 3471 RNAY] 3v8 S %% SHl(Fig. 1) (12).

JH

ool o2t 12 12



HEgF Human T-cell leukemia virus type-1 (HTLV-1)% Tax
<= BEstoA SG B8-S AAAIgT (13). Tax7} Al

3 W oltell fjA|sh=rtel wet SG FAdol thEAl &

Tax7} 3o Qo™ ~EH 27} gloj= SG7k
SR 7]. /ﬂ]_LX]Oﬂ 0] m:q SGj]. @HQX] o}h
\:}. o] 761_?_01]% =3k SG sﬂ/\hjr _rr;qoﬂ x4;H;<4 og =
Lol A e 3} 8 A6(HDACG6) 9t Tax7} M2 A
o] A= THFig. 1) (13).

npA] RO B ThEE] 9] 2aHto] 212~ 18 (herpes simplex virus
1, HSV1)9} -2 DNA Hlo]g|xi= Edwo] nlo]zf vyt
o] SG T SG-FAFTEE FE3t) ofgF HSVIO|
A= TIA-19F TIARS A EHo] 2Ho= Hx]a]—x]
ok 58 G S FEskA Reth 1euh SR
ZFcH(shutoff, Vhs) THdo] $1= o] HSVI AUL4L] 7+
AEH SFAH Lol wet elF2a S14HEIe) F33HA SGE
A3 3 tH(Table 1) (14). = HSVE elF20 Q1AM3LE
STAIE @A S 2HsHAE SG S s
AqA g} o] A= elF2u QJAFSF7) SG A S Al #FS)
= Y% T2 ol As Kol F= Flolth

e
ol
I
it

g

SG U8g S8t ¢

o

=
[=)

=

rol'

HFO| 2 HE
340 0[8?

rr

Hol 27t A 9] o] HAHES FAow x4
al7] wiizell SFollA HCVeF ZEiu|uto] ] 2~o A AH3)
o] G3BP9} TIA- 1S AH- SG TAAEE0] Hloly
ol gHth= Ze =5E do| o) U ujo]
e ARl TS 9E) SG FAS freshs O
glghtl Ay A =

2~ .Z_/\l oﬂ

= ofi= mlo]g27]Eol o]
A SG AR 53} elF2a AAFEF AokE o] 9l
=

RNA H}o]#| 29l &7 M| E-§§uto] ] 2(respiratory
syncytial virus, RSV)2} FZu}H|o] 2] 2 (coronaviruses) (15)
= SFAEY thilATAS st V| HOE SG ¥

e 2= H o&

& =g RSV o%, 7 5 247t =9 3t
Al AEO] ~30%7F SG BAS frEstoA] viole
S FXgt) SG7F flE AlEer 2 SG7F UE
M xE= Akt vho] 2] 28 A(inclusion bodies)”} A 31
t}. o] o} G3BPE 7 (knockdown)A|AX SG HAS
JAIsHA wiolE| 2=F2 o] 10H) 7“?‘%} RSVi= PKR-9]
FE42Q1 elF20, 14tstel 93 SGE FE3t2 =, RSVZLE

K Kim

AL E PKRE 50} (knockout) A 71 SG A
Ak 2eu SG7F flol= RSV Hbo|# AT
o] ZAAFAE gt whdel AdRtEE A 9lY] u
ol RSV S2lol|A1€] SG A& o} Fy==] ekdrh
F2uputo] #2221 mouse hepatitis coronavirus (MHV)
(15)%} gastroenteritis coronavirus (TGEV): SG A4S
Lesto] wpolel s FHAE @bs] WRlshs wetol Ay
2 o] A& 713 Wi SG7F AEA o m Ex)
3CHTable 1). MHVE #49 & 6A]7P01] SGe} PB 84S
Frieske] elF2a] A4 Q1Abstel AL T Ay
A7} FAlell dojuA|RE, nloje 2w AF S oA
A= =t) = &gl nlolels B AT} sG}
A EASHAIRE, MHVZE 25 716l SGE SAlsk=A
T 9A Ee) elF2a 214FSE 2 SG ﬁé* ] w4 o=
AlZeA MHV S2lo] ZX€nt (155 AL vlole]x
7h AL A S oAE] ﬂEH elF2a <11H3}
= AT o] uiitol] wlole] o] Tl A e
& A7 W&otk TGEVE 48 16713 5<t SG
7} STVt A|&etes st o] AR AHalo] T4
st a3k ARttt o] gk SGoll= TIA-L, TIAR, 3
il pTB7E flom o]efdk 5-x3/32 wlo|]2= RNA
7F FAHA eheS sk 29 wo] Qi) PTB7} vb
o]#] 2~ RNAd| Agste] TIA-19} PTB7} Sl H3A
Hlo] 2] 2= 9] gRNA®} subgenomic mRNA (sgmRNA)7} 31
ARE, mpo]2]2=9] dsRNAY S 5SA7F v 2413
PTB7} = SG %L = gk o]k 4l A PTB
AAZAI SG i Hio|# 2= RNA 2, Hpole]x
ChilARH, vhol s JRpR ] S sk S
ks

1> OIF

4% itk 12t TGEV mRNA @S SG7F o Al8)
4§13, PTB-%d SG9| & wlole)x 28-S

DNA Hfo|2]2=Ql WiA|L]o}ulo] 2] X (vaccinia virus, VV)
= SG ?*é*é%—% Hyste] Mz SHAZ TEC
A & ool A uk gl sldo] o1 mRNA
= % TeH R e SGE o83tk VV7E elF2a
s AAletol =, SA ks Eetell Alxd FAEA
(cytoplasmic replication factories, RFs) W51} =Hof SG-
AFFZ7F AT G3BP, M2 2] activation/proliferation-
associated protein-1 (p137 or Caprinl)@} I 7JAIQIA}
(initiation factors)®] eIF4G eIF4E7} VV RNAS} $H7] o] &
Aol Slvh G3BPE SG /el I do] il G3BP:
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Caprin-1 heterodimer™= SGoll Ut} 1 3ro] nlo]z]~
HARY Y] TAAE AZEH, HAEA] %= mRNAZ}
ot oz = HAEHQl sGol= thEr) B9 SG
TZE ZHE AL vte]# 9] RFel| glomn of7]o|
= elF4E%} elF4G+= 124 PABPY TIA-12 §lth V7t
=T mRNAE ek 3goll A4 < SGE 3
sHAl =H, o] 2 sl &d¥ SG T Ee] HEE A
o7 Ak

dsRNA Z3teiid E3Lo] gl EAWO|(VV AE3L)
vvel 7+EW PKR 43} 2 el2a 4HEHE A8}
A ) o] w) wHEo]7 SG-fAER = G3BP, TIA-L,
USP10, 7HAIR1IAFe} -2 54 AQ1 A whal o] glowm,

S S AY Aol o, elF2a Q1AL g g &t}

0,

~
b
<

o] leom =R & nlo|2|2 I} H(antiviral granules, AVGs)
olgkar Waoith. T, G3BPeE M IAI 1AL A 2
+ 93-S FIEF VVIF 23S sHARE SG Ulell A9 v
WA SEA 0. o A 3FR] B3t} 1 o]f-= elF2a QXSS
= E3LO] §lE VV AE3LOl”] wliEolA vk V7T &
mRNAE T8t tjzle] RF FHo|Lt RF UlolA]
Hlolg 2 hdgtgo] FHAoR dojd Ao MY

=3
St HIO| A HE29| AR SGo| 7|5

@& mojg] 50l SGE AR, SGE & viol¥
2 7150l Y AEY AEdA HREow B 5= gtk
Z, vlolgiaF 2ol sk AEo] AR Agtete]
< AAF o2 SGE & nlolglx 7S il
o] SG&= 737 RNACY 731421 3' stem loop
ate] Zefuintole ~FAol] E K3 TIA-19F TIAR
S AYA Y (11). G3BP A HCV 52584 FH o)
Rolx ARgEITE Hgh vlole| vt G8H O FAE)
A "W A} B Qs R 408 B3 elF4G,
elF4A, elF4BS} elF3S ZAg]al= AL nlo]g] ~Z2]o U
B FS vk gz 2ol E 2 (picornavirus) THE
St A== PTB, PCBP29F UNR 28 Ui 2\
2=

& % % (internal ribosome entry site, IRES) transactivating

factor7}h SG= ZelHleh, whebd sG-lA) el AHgow
corat oje] ARpEo] AEAe] AA poolHE Azl
© e Avbom @ velE 482 vl Ao
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ap ™

4
7
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2o Hlo]z] 2~ RNA7} SGol| E§HE o] nfo]
A AAgTRE SV o, tiFEe] ol
Al Bo A= FA7F obA] F-=eft). 12t} mRNP
gl Agste] SGo}F PB BFE sk @ vlold
e 91 APOBEC3G$} APOBEC3F2] - ofrhic
9]l A o]t} APOBEC3GE HIV RNA©|| ZAgHste] HIV

\

Ajtshz oy vlelg o] f3x= SGE AEld Yol
AUTE TIA-UTIARY Adsh= Zefulvte] s RNA7F 1
ofoln] Htoll HCVS DV RNA7} G3BPdll Zal= A
o2 oAZIthaL flolA AF AT

upREto 2 AlEe] ~EY A w89l SGi= & nlol# 2~
28-S AR, 1 9ol A3 o AKapoptosis)E A
e 715 & Aol AEe AEd 20 23k & ulo)
2]2s 2-g-0] FR1 M AHARS Hlo] 2o Al B4 ¢
A Aotk SGi= RACK1Y} thE AL g Ab-Zx1914}
& SGZ ATA7]3L INK/SAPK AZE AJA|ste] HE
AGAHE AAF F Qlvh webA] vpole] e Hpole| s
A7 (pro-viral factors)?t 7|75 A HA]A] 22| A|
714 exo Al MR AL 2 -Q1 K (pro-apoptotic factor)
£ SGE 38| AZA7IEF SGE AAlsH =4
f7}F qitk

24 E

Hlolg el §Go| e ztgo] #dt AT obF %7
Aol o @B A5 asit) vlolg 27t SG T
)82l G3BP, TIA-1, Staufen, HDAC6S A& AU A=
U= 27] @A77 AAE AR o5 diEe] SG B4
I 2-e Aug 7]5S AT ALY ¢A Kt
7+t] 2.1lo] ] 2x(cardiovirus) 9t FIHFO] 2] 2~ (Junin  virus)
o} & nlo]# oA SGE JASH= niol# 2 4HEo]
g o o] FA oIV A 7)1 e ApAlg
W88 o}z # oA Bt} 3k ulole s 7Hddl] s
SG7} A=l SG7F §lo1Al= Aol SG A& fAlst
7] WiE1A] = SG wEllE FXE] WA E & o
A Zgic) ey SG EElE S38kE V)52 kol
A Al SGE s N2 VHor AZEeg
714& A8k SG A S Wel= Fas 9Avt

g Zlojrh BERE npoje] s el o7t miA|yt o] 5o
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1} A & ®H3(posttranslational modifications)? 22 SG
ZHe] v dAlel disiM = opz] & ] Kl 1
L = BgellA ntelg = FHdo] sG B 1
7VeS& 2AT Aot npxEto & PV, CrPV, HCV 74

£ sGo} @71 PBE T3], o] 7§l ofi- ujole] s
7} % £59) RNA S o8 olAlelen] 2 Ed
49l 24 7)14o] A=Al tld A7} Besi). 6ol
olah & vlole &3 B SG7} Welahs AT
Az vole st ogA F AR Afole] FHL ol
21 Aol k] o A7a Bast Yok ol F Sof A
% ule] ofe) A7} sGol AelEria AekE o), 3
Ag Anp} glon] wg AR SG F27} ol
~2AS FEnR 8 vlolgae] G¥E YA o
o webd Ade] e sorh BAEW 1 e o
Ao e A57h AgEo] FFH A W

o] URZA 2AH €] & vlo]e] 2 7] H(innate antiviral
mechanisms)©] A s}E = Flojt}. o]} o] nlo]z|~
= AE 7ss A7 5 e FET B3R e
2127} SG WS AAlsh= 71del el o Wol dgh
S =24 RNA ol gk MEAESH AYs)ste] st

U B A2S dA 2 Aotk dF B0l A F, &
218 95 MT 2 MT 5E ©idS o] 83}= B3 7
ulo] 2] X (hepatitis B virus, HBV)2] 7-%- HBV<S} PB, SG

= HDAC6S}e] TAo &3k A
gomwg olowm rsl We AFE 8 S QS Ao
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