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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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o= A3 A (endoplasmic reticulum, ER) ~E]|2~0] 2]k
PERK”7} €/ slett. 488 HANAIAEF]A 554 =
Al SGelli= 408 BHFE A EFY, elF2, elF3, elF4A,
elF4B, elF4E, elF4G, elF5 5] WA7/|A17]7-7} deh &=
SF T-AEASE M EZ U &--1(T-cell restricted intracellular
antigen 1, TIA-1), TIA-1-¥+3 T 2(TIAR), RasGAP SH3-
59 Aghehulz 1 (G3BP1) &S T2l 54 RNA-Z
3k 2 (RNA-binding proteins, RBPs)©] AT SGoll =
71 9Jef o2 FF2] RBP7F EAST) (2). SGoll= W
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H|gAd o] Q14kslE 491 MK-STYXO
2= o}H]4F (arsenite) S * 2] 3FA Y G3BPE
3t SG FAIS A= R, SG FAlo| G3BP/F T2
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2= AZAAe] A Eo] 2Ew 204 Bl Eo|E T 4
Bje] SG7F A&tk vt Aok SG7F A7 SGE
A=l MT7F &k vxAl= ek =, thold/tt
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FIFE MAEE FHHoRE Hlolg]2Tt o] I o
3l #]-&(viral adaptation)d}7] 2 Aot} Lk ujolg =
ST ofy] HA S MEsiAL Welgto = o
3 @AM o] ~EH A WS fEdtth A2 RNA
AP EA(RNA silencing)®} RNA #4ol] SG7} #ojatm
2 o]2] RNA Hlo|g]27} SGE FAsttal g5l o,
DNA Hlo]#2s HA] SG WHg-& A3t} nlo]g 27}
SG A=} Faa-ggr A¥ oy @Yol whEolXItt

(Table 1). YA o= thiite] violy 2= 7|7 &
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oSG FHE RS, AY- Hlele st SG FYL
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subvirion particles, ISVPs)2] %(dose)°] W&} SG &
Frieste e, vholels QAR SGE T3
U} 4). SG B4 f18l vhollx fFHx)E wddE e
= floy 2 ol mpole s Hede] yHUA SGE
AgAg @), o] SACNAE elF2a A4+ Hol H o
%ol SG FAES FXah= AEidlel e EF-star, of)4t
dolu 1 & tE AXE sle A5 A8 TR
MRV7} SG B/43& oAlsh= A1 e® Hol MRVE elF2a
Q14ks} o] %9 SG ATAIE A (5). EIFF 2N
Qlefl ok ~E# 2 Aol A= MRV ZHIAIE7} o
A (translation)S st HS SG7F A HA & A
HAE F, 86 B4 27]oll= AlE A vlojz]x ©
2 BF7E AAEARE SG7F AAE = $7ed= vt
AR S AAHA] B

Hhdel] A ze] A S o Alshs 28 clone
8 (c8) and c87]9} SJAIS}A] ¢+= Dearing strain®] & .H}o]
2ol A SG7F AHH7IRY EF AlE AT w1
SG A4S FEdhs dentolf 2ol elF2a ¢14HE}
oF SFAE SR AL AT vtk Ao

5] xith. &, Dearing strain elF20 214Fske] AHEE vl
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=

HpolH 2 F(strain) k7 A EGOl w} elf2a k8- - WF0] sG] EEE ST Aot (6). T3EhY,
oJE7HS T3l SG BAEE =gtk AR Aol o Mz uE HlolEs F Bl ARl SG Hkgo] 7
3 E2AdskE YAt F3F AB v]El YAKintermediate 7} TR 2 7|AS Bl YEMER, o5 AFA =
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
.. Lo Yes (TIA-1, polyA+, mRNA, No (heat shock :
Positive  Poliovirus Unknown Samé68, G3BP, cIF4G, PABP)  Sam68, Hsp27) 8,9
stranded
RNA i
B/est Nlle. and No No (TIAR) Yes (arsenite : TIAR) 11
engue viruses
Yes (arsenite : PABP,
HIV-1 No No (PABP, Staufenl) Satufenl) 12
Rotavirus Yes (arsenite : TIA-1,
Double (Reoviridae) Yes No (TIA-1, eIF4E, S6, PABP) ¢IF4E, S6) 10
stranded
RNA . Yes (TIA-1, TIAR, G3BP,
Reoviridae Yes ¢IF4G, cIF4E, cIF3, TF4) Unknown 4,6
Herpes simplex virus 1 Unknown No (TIA-1/R) Unknown 14
DNA o
Human cytomegalovirus Unknown No (elF4G) Yes (tahpsigargin : 16

elF4G
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prto] 2] 2 (alphavirus)?] AlE]7] E2AE wpo] X
(Semliki Forest virus, SFV)= elF2q S1AF3}-o]&4 w2 o

2 44 2716 sG FA= s, Al 55 &

2 710 W 5 9l

ttlo

= ‘%4?1]‘6}7] 913l sG 3“44 O‘H% ‘61%"5&‘4.
7kl Bolo] 9)re] A~EF A gold
AJAFT. MRVSF @] SFVi= Hlol#| 2
Sl a3k SGE fF=dtH Hho] 2| Z=RNA(VRNA)S}
SGO] #Aol M= FaAAATL vk =, vRNA Fo] 4

L A ZoAE vRNASF 717HE 237 obd Alxd H
ool SG7} Q= Ao 2A, ulolYAZA 3w WA A
e g o R SG FAo] oJAET (7).

MRV} SFVEE €] 3Ad 5t EV\(}\O}U}H]
Hlo]# 2, poliovirus, PV)= L5 MEZAAA elF2a <143}

-HlejEA Ao Zhed 270 SG B S =gt
G3BP$} elFAGI7} & SGE A% 2~341% & Haux
o o]2m (), 7ol M&HH SG7} FHAgTE MRVS;
SFVA &l PVIE ofH|abe] e QR A~E 2 o]t 7]
L SG (canonical SG) FA-S A gt} o] e &
Pvell o3k SG A SAleh= 2l A 710l TIA-

7F e Aol wEEM YAl sGF AdE 3
t 9). ey PV-RRAI ] A EHH o2 EAEE TIA-
-4 Aol sG ATl AN dA e diy-ie
mRNAZF QLB 7]3 SGi= ohrk PVe] 304k AHe
e do] TAE HAMNAIEIAE AerFloR
-1 SRR A = 9lor, AgE HAN
AlEREA o] el Ry T IHEIHH Hpo|H 252
t}. PV 3Cpro(Hfolelzs whild B& §4)7F SG
G3BPZ #ehA G3BP RNA-ZA¢ H-¢ 2 thilg
H& F97F EEE RS sl SGE A S H(Fig.
1, Table 1). ®3|=#] &= ZNF-A3 G3BP Q326EE
wEahd A9} mRNAZE Q& 71549 SG7F &
¥ a1l wlolg]aFlo] gk Tl A4S HEE SG
u]_o]g}/\ ‘—e:]o] 9= 740; th;]_ (8)
1+ nlo] 2] 2 (hepatitis C virus, HCV) % &A1 3]
‘0554“4 SG S TR A¢lo] WA ¢
5 ~Egzzb=so] galAW SG F4S JAs) 1y
1} MRV, SFV, PVel= €8], HCVE 283 SG A2 7

ox o > X (o

o

n‘.n\l
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sloJA] vlo| ] 254 T (viral replication factories, RFs)
o Agslez AEF 2 AT 2 719 SG ¥X|
IA7F HCV core TH A3} Al $HA| -14 AskaL it o]
AL ylo]e A 2 =237 93
} RNAS] 5" Hto]

f 4 RNA7} 284
4] vho]e]2: NS5B Tl e} 24
G3BP1 B thE QAEF FsAgst] v slelh
FUEAE AE el A4 3(ipid droplets)S Ee14
AL Sk REA|ELQRe] o] SG AdH?] G3BPS} ataxin2
7} PB 442! DDX69F HCV core T o] Ha = Qi)
wpR]ut O 2 Dicistroviridae®}2] cricket paralysis virus
(CrPV)= g Fotol =389 TIA-1 szl
Rox8¢} G3BP ‘sl Rin®] SGo| 23+ 3
S JAste] SG FAS 2H A THFig. 1), polyA7} A
+ mRNAY poly(A)-Z e 2 (poly(A)-binding protein,
PABP)o| SGoll EFH = A& oAlsHA= deth thddt
2Ef 2 oA CrPV-HEAIE7} polyA- 2+ PABP-
G FHS HEHUAE Rox89} Rin®| #AE o] #3x35)
A= AL, CPv7E 5341 sG #AUARE A9
Ao g ofA|gth= Aol wheba wpole o] FF
weh M Aolzk YA, vholel el oI SG
olale] 7)ol autolel sl HEutolel o) N A
A% o

e vk As & 5 Ak

K

A H#E7I1ZE Setel Hio[ A0 of et
SG A 7|H

B el wel#|zolA o g wyntelel Tt 11
Zoto| = SG7)F €A BEE A kon elF2o 1AM}
QE REY A AT S35 SG FAo] AAHA
olZlel thgh zpAIgH 71 & A A gt
ZEpito] 8] A(rotavirus, RV) A2 elF205 1451
71R|9F SG AL =R 3R] o ojujakaS- 273
= SGE FAIEHA ZETHTable 1) (10). TS AE &8
2ol RV Z4ol| elF2a 14317} HQakA] At &5
A SIS AAlsy] flal] vl AT aES
HretiA elF208 QlAFSISHT) (10). ©]
A g ol elF2a

L= <1}

M

7}+t] @ vlo] 8] X~ (cardioviruses) %, 53] Theiler's murine

encephalomyelitis virus (TMEV)°l] 75 o5 ~E4H|
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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.
28 FolE SG BAL AR Bl eyt

rir

(leader protein, L)& 7}z TMEV
SG S FEs7] witol, TMEV atiﬂ*ﬂ“%(leader
protein, L)°] SG A9} ## o] 9t} TMEV Ei= T}
£ 7l ento] ’\(Mengowrusg’r Saffold virus)2] L T
A& HHA7|E SG S FAsH.

FAoE Tddlo]y ’\(Junin virus)oll ZF3 %W nucleo-

protein (N)°]u} k& -3 (glycoprotein precursor,

GPC) Tdlell oEdh= Ao FAE = 7]l o8
oAk A A, elF209] M1ISHE AANFcE L2t A

& A% Vero AlZe] o5 2 N @il S whd s}
3 GPC 4 #rilo] vk 9ol =
A5 sG7F A Hh

1 ZF4x} A Hlo]2] X(influenza A virus)oll G =W
Al HlellA SG S sk itk 12v NS1 =
Awol7} Hlo]#{ = PKR-2]&4 A== SG7}
Qe B, JQEFAA o] e 2~ NS1 iz o] PKR &4
st= oJAlste] SG A weth 22v SG Aol vt
ol 1F A Ao AREANE elF2a QIAFSERE 1gh b
ol T ARMg o] A aeh= AHE A etk

S ulo] 23K Flaviviridae family)?] H2=Evtdn}
o] 2(west Nile virus, WNV)9} w7]n}o] 2] 2~ (dengue
virus, DV)&= €32 Ed 27t 9™ 847} RNAS 31

HAH A 2 A

o)1=
AR

o 2] - Z(stem loop structure, 3'(-)SL)7} TIA-1 &

TIARS} So]2 o2 AgslolA TIA-19} TIARS ZA]s}
o2 SG FAL AAEH (11), o] AFL ulole~

3 @&} h(Fig. 1, Table 1). DV2] 3' UTR¥}

5' UTR< SG T2 Q1 G3BPI, caprinl, USP109} PB 324
il Zl o] DDX6 (RCK/p54)S Tojue]A] o]57F RNA
(dsRNA)7} JA]8}= nfole] =52 H9jo] AdRIp E4)
AN, SG AT A o] SG-AFERA A S H A

Aol HHEA]

= B2 A BAY G sG ddoe] Hpolg AT
2 FQoM s 9 BF wE i 2 oAk
DDX6%} 3' UTR®| 454182 DV Hiel2]{2o] F4of &
2381
% el dERnelaE S¢S dAlsts
O

defxich WA A o4 vto] 2] 2-1(human

immunodeficiency virus 1, HIV-1)i= ‘%8 elF207} Q14kshg

ok Etetal opH|akd S AEEglS W SG NS o
ASHARE, FFREAbo] 2l AP ElS WE SG S o
ABHA] SH=TH(Table 1) (12). ©]ZA HIV-19] £]3+ SG &
’d oJA7E elF20 Q14FSE thE Tl A dojdths As
oF = Utk & thE SG EA MR Staufen]> o] ]

2=0] Gag B} F 5 AHg5teIA] Q21 HIV-L ribo-
nucleoproteins (RNPs)7} HFo]2]2> YA =2 encapsidation

=5 SHC}Fig. 1) (12).



Y3+ Human T-cell leukemia virus type-1 (HTLV-1)= Tax
w9 aS Bl SG BAS AT (13). Tach A
S

> ol g1x18k=vpell whel sG FAo] vhaA =
AEt) = Tax7} 3ol glod ~Ef 27} gloj= SG7}
HAE Ak Tax7} AlEZo] o SG7F AT A &=

t} o] Agol= E3 SG P47 Ao Hul¥es F
Q3 3|28 golxd 3l E A6HDAC6)S} Tax7} A& AF
F2g3te] SG PAo] A HkFig. 1) (13).

upR|eko 2 TE] 9] 2-Hfo] 22 13 (herpes simplex virus
1, HSV)$} 22 DNA Hfol#] 2= Eedwo] nlo]e]2nk
°] SG Hi= SG-fAMTEE ARtk of8F HSVIC]
ZA=H TIA-19} TIARg AEA 2ROz 93HA
ok g SG HAS FEalA] el ey SFEAE
ZFck(shutoff, Vhs) %@HX—JO] = o] HSVI AULALS 7+
Aed SFAE wg) elF20 A3 F335HA SGE
43kl SHti(Table 1) (14). < HSVE elF2o 1M =

SFAE GMARAg S FASPHAME SG HAZL S
A g}, o] A¥ elF2a QAFEYE SG FA S Al %}e)

[e]
= fU% 2 oheks 2L el Fi Rolu,

SG #SE S¢t Hio|e
E= 340 0|87

vpele =7} Al o] o] A EE FEAoR 23
a7] wiszoll kel Hevel Eefulntel2] 2ol A A3l
0] G3BPS} TIA-122 U SG FAAEE0] niole]

]

2240 o HThe AL B8 Uo| ohith Y- Hlo]

RNA Hle]# 29l & 57| Al 83 Hrlo] 2] 2x(respiratory
syncytial virus, RSV)2} =2 upHfo] 2] 2(coronaviruses) (15)
= STAEY @A S AAchs 7SR SG &
A2 FrEdTh RSV AT, 29 5 244IRT0] =Y 4
Al AES ~30%7F SG G Fi=stolA HiolE &

TS Fxg) 867 gl AlEer 2 SG7F =
Mxz= At vho] 2] 28 Al (inclusion bodies)7} 4§31
o} o] ul G3BPE 7 (knockdown)AlAA SG HAES
A wlo]g] g4 0] 108 7HAETE RSV PKR-9]

EAY elF2a A}l of3) SGE FI=dhELE, RSV7E
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5o PKRE *5ol-(knockout) A 71 SG &4 &
go] ¥k 2oy SG7F glofi= RSV el 1 254
o] ZAHRE =t} whde)] AkEE AFe 9l7] u)

ol RSV S2lell4 9] SG 2 of7] Fyu]A] &%
FZulo] 2 22Q] mouse hepatitis coronavirus (MHV)
(15)9} gastroenteritis coronavirus (TGEV):= SG 84S
L=sto] wpolel s fxpry dbs] sk 50}0]74‘%
Zo 7o) X&HE 7|7F U] SG7F A &R oZ EA)
fM(Table ). MHVE 7 & 6A]7}<>ﬂ SG¢} PB FAS
3t} elF2a] A%- QlAbslel AL whld el
AAN7F EAll DoAkAIT, vpolg] = Tl A g S A
He geth =, 2383 vlolg 2wl g3t SG7t

:{o
oX, ﬂJ

i

[

A EASHAE MHVZF 49 3719 SGE A=A
= 9A] E3t elF2o Q1AM 2 SG HAlo] HA| g
Ao A MHV FAo] EXET) (15 A2 vlojg|~

N

b SFAE @ Addd S Ae] 9180 elF2a 214Hs)H
FriesA|RE o] Wil wpo]e] o] Wl HR Y
A% 7] wjiEo]th. TGEVE 43k 1647 < SG
7b S7Fske] A|EEESE Sk, o] ARk ZRle] T4
st Bagk Ajgkelt) o]2| 3k SGoll= TIA-1, TIAR, &
iz pTB7) Jow o]8]dt X AL nlo]z{~ RNA
7} 2R 2 23} #A#o] glct. PTB7} v}
o]z}~ RNAS| ZA3ste] TIA-19} PTB7} = EH3HAol
Hho] 2] 2] gRNA2} subgenomic mRNA (sgmRNA)7} 1
A5k, vhe]#2~9] dsRNAY 215347 Sl 243
PTB7} 9)= SG 3= 2tk of#fgt w4l PTB
AA AT SG FE= Hlo]g]2~ RNA 4], nlolz]~
A 5 4, Hlolg 2 elzlze] A4S 24 I9F8S
& =2 9tk 22y TGEV mRNA 23&-S SG7} 1A

= T §laL, PTB-/4 SGo| & npole]z 24g

o

O__]_——l O]‘

¢
_l

4
o ok m

2=Q1 WAL o}uto] 2] 2 (vaccinia virus, VV)
TS Aol 2 SHAR TEo

= SG T4

A SG EAL JolgAwt A s o] oA mRNA

e, TEAHoR U SGE o] &3 vV elF2a
[e3]

QRIS Afstol, ZAsE Belol AED AL
(cytoplasmic replication factories, RFs) W41} o] SG-
A7 A3Z0Y) G3BP, A|AEZ 9] activation/proliferation-
associated protein-1 (p137 or Caprinl)@} H7|AIQAA}
(initiation factors)$] elF4G elF4E7} VV RNAS} M7 o] &
Aol Atk G3BP:= SG B/ el dgrdhldo]al G3BP:
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Caprin-1 heterodimer= SGoll Ut} 1L o] mjo]zix th
WA TAAE A, H9EA] &= mRNA7H
b o7 = HMHFZH S sGoke= vhEr) E9kAd SG
T2 ZHE SHA7E vlo]g2e] RF] 9o of7]d
£ elF4ES} elFAGE .21} PABPL} TIA-12 itk vv7t
= mRNAE Fsh= Aol x A2 SGE 7+
A HH, o2 &) $HE SG ARl WEE A
o2 A7ty

dsRNA Z3tehiid E3Lo] gl =AW o|(VV AE3L)

2 S AY o9l om elF2q $14HSHT 2 oSttt
o]#]gt SG= PKR €43} B nlole] =32 ghaef At
o] gJorm =z & nlolg| I H(antiviral granules, AVGs)
olg}ar Wit} F3shH, G3BPSF HA/NAIQIA} Al =
& 9 e F VI 2FE ST SG UlelA Y]
MY S A|5HA] Bt} 1 o]fi= elF2a UAMSHE
9= E3L0] §i+ VV AE3Lol7] wjiZo] A9k VV7} <
mRNAE ¥¥s2 g thale] RF FH¥o|L} RF ol A
Hiol2 2 Tl A do] S 0w dojd Aow HdY

2 )5l Qe A 2EdA~ WO B 5 gtk
2, volel 234 Bag Agtele]

°ol5S 4 b afolg & 7S gt
dE E°] SG= 9471 RNAY AR A2 3' stem loop

#H AR QIR Bt R 408 A B -G53} elF4AG,
elF4A, elF4B®} elF3E A sz 212 nlole| g2 ol 1
¥ JFE vRnk 332 upto] 2] 2(picomavirus) T A
S A=E= PTB, PCBP29F UNR #4& Ui glu

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

factor7} SGE Az|¥th wEbA SG-HZl Az Ao R
chdgk ol Qlapso] Az e] A poolZH-E Az]H
AL A ow F nlolgis AE& Yehl= Al

b

fr

253

$-o|&= wvlo]g]~ RNAZ} SGol| ¥&t=|o] nlo]

o
2548 oAt A7} glou, el uiolel

2 A 2B M= FA7F obA] Fert Z1e|tt mRNP
EatAo] Agtete] sGoF PB 52 YEdh= & nboly
= d9] APOBEC3G$} APOBEC3F2] 749-& ot
o 9] A o]t} APOBEC3GE HIV RNA©| ZAgtete] HIV
RNA7} SG¢} PBE 7}e5 gt} Begh SG A ol o}
Adtshz oY nlolg 9] FAl= SGE Agld el
It} TIA-I/TIARS] A3t E@u|vlo]#{2 RNAYF 1
oloj] Z ol HCVS} DV RNAZ} G3BPoll ZAgtsl= A
o7 ATl 9ol AF3HAT

Ao 2 AE L] AE#2 W9l SGi= & nlolE
285 AR, 1 9]o| % A3z o] A AKapoptosis)E & Al
e 7S & Aolth AE] AEw s 93 g ulo]
22~ 2Rg-o] Sl A AARE niol# 2ol Al Al T
2| A o]t} SGE= RACK1H T AL AHA-F711%}
£ SGE ZAgA7]aL INK/SAPK 4 2E JA|sle] A
AGALE A 5 vt whEbA] vlo] B A wlol# &
-1 2K pro-viral factors)$} S 7] F-5 A LpX] Al A A|
714 ¥ oA MEE A AL Q1 K (pro-apoptotic factor)
£ SGE T3] AgA7IeS SGE AAlsHl =4 4

27} 9l

e

Hpo]g 20f SGO| AT AFg o #E A= ofA 27
Aol o @e A7 Beslt) nlele2t sG 743
23521 G3BP, TIA-1, Staufen, HDAC6S A 2] &7} A2
U= Z7] @A77 ARXEHJARE o] whdo] SG 34
I - oju g V)5S shEAE A ¢A K
7h] @ ulo] H 2 (cardiovirus)2F T HFO] 2 2~(Junin  virus)
o} -2 ufole| oA SGE AAIHE vlol# 2 AhEo]
Ha g o, o] mA oy wAA 7)F} 22 Mg
82 op] o] gk} ' npole 2~ 7He] f3)
SG7F AA=e] SG7F §lejAl= Aol SG FAS At
7] QI = SG wElE FXIE] WA e & o
2] Zgith ey SG e E E3skE 7)eS nlel#
A Al SGE sk MRS 7HoR AAHERE 1
71HE A8 SG RS Wele S8 dAt

g Aotk B3k mlol# s el o7E mAlAad o)l



7Vee& 24T Aotk vix[Ere 2 PV, PV, HCV 4
< SGet &7 PBE 7). o] Aol ofi= mpole|
7b 5 5] RNA S oA oAlsh=A] 52 5
I =4 713do] Aol thdk Av7F Aashtt sGel
ok 3 wpole 2 g7 9 SG7F #ojshs AlEd AL
Zoll A wpelf A7) oAl - A= Alole] #¥E ©]
= Aol thete] ¥ A7 art vk s S0 Al
3 o] o IAP7E SGell AejEvtal AlQkE o, &

gk Aaph glon gk dRelA= SG frert vholH
THE FHE R 3 wholexe] atE UEhlA] &
=tk webA AAje] 7P sGr7F AW 1 v &
Aol 2Ed 2 A57F dLso] S AEA v
B2 z2tAm o] g ulol2] 7] (innate antiviral
mechanisms)©] 4 3}Etl= ot} o]9} o] nlo]g]x
S AE Ve A7 e E5E gRAoIH: Hlel
H27F SG FAE Ak 71l tial ¥ wol A
O =M RNA #Hol 83k AlzgEsta) AYshete] wet
H B2 A4E A 2 Aotk dlE =0 A F, T
A& 98 MT 3 MT 28 @dS o] 838l BY 3t
A rke] 2] 2 (hepatitis B virus, HBV)©| 73-9-, HBV9} PB, SG
= HDAC6SFS] ol w3 A= A3 o] 3iA
@pomw oo v B A7E T 5 US Ao=
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