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I Review Article I

Activation of Innate Immune System During Viral Infection:
Role of Pattern-recognition Receptors (PRRs) in Viral Infection

Eun Jung Jun' and Yoo Kyum Kim**

'Departments of Microbiology, *Research Institute for Biomacromolecules,
University of Ulsan College of Medicine, Seoul, Korea

Innate immunity and adaptive immunity are two major immune responses against pathogens. Innate immunity is

responsible for the immediate immune response to pathogens. Pattern-recognition receptors (PRRs) play an important

role in innate immune response. PRRs recognize regular patterns of molecule structure known as pathogen-associated
molecular patterns (PAMPs). Among the PRRs, Toll-like receptors (TLRs), RIG-I-like receptors (RLRs), and DNA-
dependent activator of interferon regulatory factors (DAI) display key roles in response to viral infections. This article

reviews how viral infections activate PRR-PAMP signal pathways and how viruses evade immune responses elicited by

PRR signal pathways.
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PAMP)& SIA IR 188 7S 1989 stk
(1). o1F o] 7HdE& Y4T8hr] A A7k ] 113

H A3} Toll-like receptor (TLR), NALPs, Dectins, retinoic
acid-inducible gene I (RIG-I), melanoma differentiation-
associated antigen 5 (MDAS), DNA-dependent activator of
interferon regulatory factors (DAI) 5| Aol gk PRR
= ARg3s s HAY (2~9). olF ol TLR9t
RIG-I, MDAS % DAI7} whole| 2 Q1Aol] Fa gk o
st Aoz 4eA vt (10). TLRS transmembrane
receptor®] 32, RIG-I, MDAS % DAIS cytoplasmic receptor
ojt}. Z}7}e] PRRS A& thE HdAe] 54
128t} AHHAREES d o,

uheglole] Aol MEEe] &4 lipopoly-
saccharide (LPS), peptidoglycan (PG), lipoteichoic acid H=+=
lipoprotein®] PAMP=Z. #}-8-3}o] <=9] PRRo|| <9J3)] 7+
AHE Zlom oA qlar, Wite] Apolle AlEE
AEZ9) beta-glucan®] PAMPE Z-8-3l= Zl o2 w& %]
t} (11~19). 5 Helg]o} PAMPE Q1A S5A|Eob= 2
& e =45 sk o] Al
S A7 non-selfz Q124}5HA Fth o]

=
Aol i= nole] A QRS o] F= TAEA fREol

[e]

=

=

uksl) Hhole] 2]
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FH A 719182 A A7} non-self= NA|8}717} 4
A vk ey mlely 9] FHAbE sk dAL 4
£ o] vlo]g|2 RNAE Al SFA13E] RNASH th&
TEE 7ML Qe B R SF A8 PRRO] ©]& 7HA|e}
of vloje]ze] HYS QA AN A AREgo] Fie
Hrt

PRR7} PAMPE <1215t A& o] M2y AlEdd7
25 ZAsste] AARIAF (IRF, NF«B)E &4 8eit),
A3k AARIARE SR 0]753}] interferon (IFN) A
d& S7MA1ZIt) E8]% IFNT autocrine %:+= paracrine
WA o2 type 1 IFN =849t 2334 IFN-stimulated
response elements (STAT1, STAT2, IRF92] E&A)E A
SAIA AR o] 5 fF23Fo] IFN-inducible genes2] 7l
AFS F23k) (8,9,20~22).

T3 PRR7} PAMPE Q1A8HA A3 (dendritic
cell, DC)9] =7 BT HET 437} o] Folxin) =
F221 2353 (major histocompatibility complex, MHC)
o] S7kete]l T 2971 s fA 1A s &
™, T cell clonal expansion®] 2.3+ co-stimulatory molecule
7} upregulation®|©] WX Alo]EFRQl #H|E FX
st T HE A7} 2HE AL (effector cel)Z F3}5}A S
o} ESE TLR Alss XXM (macrophage)@t DC7F
IL-125 &H[8HA 8, o] T 925 Thl X2
E3ketAl dt Thl FZ5+= IFNwyE R8s, o=
Tl SXAA S 25k ) (23).

o

Toll—like receptor (TLR)2| H}O|Z{A Q1Al

Toll receptori= Z3}2] <1 Drosophila melanogaster] Ay
AN TS Ao dofetes FEAE A5 2
H A (24). ©]F Toll receptor= Hofmann 5o 9]3l] *
ghele] &3} A8 ofue} et el thE Herls
o T23 7] 3]
ol ol
= o] FAAe] o]t Al ZubE|e] Aol 7]HstA
o] Fo|xitk= AollA 1 o]Fe] 7]t

o)F AbhS HIES ZfRAE o]ef fAkgE 847}
AR A7) 5ol #HAd 7hsAdel dig A77F Al A
t}. Janeway 152 MedzhitovZ} 1997\ =tjo] <lAo]
= Toll receptor®} A-54E A F&A7} EA3=

ALAE B U al, ©] & Toll-like receptor (TLR)Z; H

(weird)"2] 21 717 Hdojo) 7]elE}
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&t} 3 TLRS NF-«kB Al d24 25 24 518)0]
HARESo Fofdith= AMdS S2Yd %
TLRe &k SAE AREate] J5shadtt (26). o5
HE3F TLR- transmembrane protein ®-= leucine-rich repeatE
S3-3}+= extracellular domain, 2 transmembrane domain,
IL-1 receptor] cytoplasmic domain®} A}t cytoplasmic
domain®. = T =] IS WLk o]F w1 E
o]83t A7t WPl wel TLRS o8 FH7F E4)
shw, mlolg 28 ofu} BhH|Elol, M 2 AT ES
AR ste] AAAGN-GS otz Abalo] uhEH om,
Rock 5ol ]3] TLRI, 2, 3, 4 ¥ 57} 244 (27) °|F
2 AR Al AE 105, vR-22olli= 1352] TLRO]
AL A} W& 2E TLRS A8 leucine-rich repeat
Z extracellular domain®. & 7132 9) o} ZHzhe] TLR
2 t}& PAMPE <143} (Fig. 1). & E°] TLR3:=
Hlo]2] 2 9] dsRNAZ, TLR4:= He|2]o}e] LPSE, TLRS
= welglolo] flagellasS, TLR7/82 ssRNAZS, TLR9-S
dsDNAZ ¢12]8Ht} (28, 29). o]% Hlo]g] 29| #ALS- <)
213 TLRE TLR3, TLR7, TLRS, TLR9|T} (2, 30). ©]<]
o] TLR2¢} TLR47} npole]=9] whilz] 53 Q1A 5}
AAHANSS doFirt

AF7HA B F572 TLRo] A=A, 7Hzte] g
= (ligand)7h £4 B AAIRE TLRO] o9 A 27t=
oF Wkgste] Alsddd =27 EgstE=Al gt <
F= FHoloF o]FoJ A} Kim 52 TLR47} MD2%}
heterodimerE- ©]5¢] LPS9} Agstrl= AMS LPS2)
analog®! Eritorans ©]-83} crystal structure 475 ‘&3]
Wittt 31). Egk 2> A9 Jin 52 lipopeptide”}
TLR1%}F TLR29] "m" P E}©] heterodimer ZF-S =g
ths AR S BT (32). kAR TLRo] WeAe] 574
A ofBA AXsF=A ol tigh A= 1 o] Folxfof

& Zloft.
TLR32| dsRNA ©14]

TLR3+= conventional dendritic cell (cDC)2] 74-%-°ll
ME vesicled] EAsI, AHF-EAE (fibroblast)2]
Fell= Al mHdd EAS} (33). Alexopoulou &
TLR3” v}9-~Z ARE-8Fo] TLR3: synthetic RNA analog
[polyinosinic acid-cytidylic acid, poly(I:C)]¥* o}Uz} H}o]
22 dsRNAES 14jske] HAQIAL NF-kBE 4/ 31117
type I IFN A FE3ts A8 A5t (34). wt
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gl 0]58 TLR3 vl$-2olA By Sy AT
poly(:C)°ll 93l A== type I IFN, IL-6 2 IL-127} of

A3 w920 HF A BAEE AL BES 4 9

-
1l

Ack 2 w538 TLR3 wp9-2of vpolg A2 =
slA 7UEE Wer)s ol As BEE = et

(35). o133t AdH= o2 ZI= cytosolic viral RNA
receptor?] RIG-I2} MDASY} g o2 A=A} &
RNA Hpole] 2o 749 TLR3 vl$-29] A|l¥i= TLR3
of 93] FEx& AaHGAZE )= AA T cytosolic
RNA F&A0l 93] frss ASHEAZTE &4y
o] A Forn = HAYT ol S AT 5
Uhar g Ech BEg dsRNA Hlel2 27} ofu 2l ssRNA
Hpo] #2291 encephalomyocarditis virus (EMCV)”7} TLR3
ASAGA 2 o3 W7 50 AT APES
TLR37} RNA Hpolg 2 52 Fof A7) SHMHEQ]
dsRNAE S12&the 218 ofu|gth 1ev o}A |74~
dsRNAS] oW 574 wjito] TLR37} 24315 =A1E o]
#3t7] sl = B A7 asit

TLR7/801 2|5t ssRNA Q14

TLR7¥ TLR8Z Pl ARG 77229} 2485 sk 21
2 F5HIL Qo TR vhe-2=i= EsA] ¢t 9
o} TLR7/8 917 TLR7 vh$-AE Agalo] o]Fo]
A3l Itk TLR7 ™ wl$-229] pDCE ©]43 43S F3)
o} TLR7- ssRNA H}o]# 2 (4l: influenza virus, VSV, HIV)
£ AAgthE ARAe] 4FE AT (36, 37). Chloroquines
A1t %35}°] endosome o4 TLR7¥} ssRNA
b stk Abdo] 95 Ak Bgk MyDSS T ml-
= 3lo] MyD88©] TLR7 4l & He7d 2ol adaptor
protein &&= APHo] FHESTE L3 Heil &
< ssRNAZF wh-¢-2=88nk opue} Abgl TLR8S] gRt==
21898 13hlTt (38). ShAINF Hlo]#~ RNA ¥ of
Yz} selfRNAES endosome®l] 4Fstel= TLR7 A& A
GA 27 dAstEAT = AL ssRNAQ] localization©]
TLR7 AZAGAR] Fa3 a4 o7 =5}/
el FAIA 02 ssRNA7ZF o€ A TLR7/8%} WhH§-3}o]
FIRGARE FAsA 7= geids A7 o
I a8tk
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dinucleotides”} A HGATFA = ZHg-3hthi= AFAS 19951
P53 (39). PH-2=E ©]-8-3F in vivo ARl A, oF
A k-9 th27 TLR9 ™ vF$-22= CpG DNA At
o %= H3}al splenocyte®] 527 B HZol 4] <]
MHC II &d 715 323 4 glolch %8 TLRY -
np9-20] L AM L= CpG DNA Ao %2 TNF-a, IL-6,
IL-12 Aol Aslgs #FT 4 ANem, DC HA|
CpG DNA A}=Fol| %= CD40, CD80, CD86 % MHC 52
Tz wo] F7bEA] gt o)l Ax= TLR9
vh9-223= CpG DNA A=l 93] A Rkg-o] 5%
grom o] TLR9C] CpG DNA° Jd] g+ Hy
7170l Fad 9GS TS ot (40~42). BHE|E ok
DNAS} X5 DNAS] =Fo]d 2, 1) dhe2]o} DNA
= CpG dinucleotide”} X7 DNAS] H|F| Atfaoz
%37, 2) unmethylated CpG dinucleotide”} B1E2] o} DNA
of iAo ® wrke Zeolth o]l Apo]Eel o)
TLR9+ self DNA®} non-self DNAE &3l Fo=
F5Eh 8k TLRY 4597 2+ MyD88-<S adaptor
protein & % ARE-FHCH= ARAo] BRI ATh (43, 44). o] %
HSV-1 (45, 46)3} HSV-2 (46)2] DNAE TLR9S &3}¢]
type I IFN S Fiegths ARdo] 5= U =
HSV-12] 7%~ IFN-producing cell (IPC)& TLR9% A MyD-
88 olojX| = AFHAGA R )&l type I IFNI IL-12
S Ageth 1y MyD8s " mhg-2=9F thE Al TLRO
wh-22= HSV-1 7ol of &3 FAkeHAl whg-ghete=
AL TLR9OIA MyD88E o]olA&= AT HUEZHR 9
o] Th& MyD88 AladgAd =7t 24T 7S 9n
gt} HSV-2 79 pDCE TLR9OIA MyD88E ©]o] %=
Ao 2] 93l type I IFN©] AW, TLR9C]
HSV-2 DNA 2122 endosome-mediated pathwayl] 2]§}0]
A=E Ak &3 MyD88 1} TLRO vk~ 73-¢- HSV-
2 7ol oY whe-of thEAl " el A IFN-a2
wHIE A = ISl s T AT HSV-L
2} HSV-27} TLRY Al a g 2ol 23] type I IFN A4
£ ke As W] §15at oM, in vivoel A TLRY
7h AA R vpole] 2 Zhelel gk Wolr] el Fagk o
A
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_|_

TLR MENEE =R

TLRs7} PAMP®} §h-g-3lo] o] @A type I IFNS] A&
FrEshertel gigk A O Al 2o gisixe |
A 7P ] AarE AL Qe Eoko|th wbA ofx7t
A g AR WA A= g o A57bA ¢
A~ AdE Gk vk 2T (6, 20, 28,29, 49).

MyD88—mediated signaling pathway

TLR7, TLR8 % TLR9®| A& HIH == MyD88<s
adaptor protein .= A}&-gtt} TLRso| ©]3f &/dshe
MyD88> IRAK-1, IRAK-4 2 TRAF-65 AlsEZ= A}
&3th o]% TAK1¥ IKK7} 24 02 & 31= o] NF-

= 8]11,Hi o]E/\]y_—] o:lZ/H /\]_0]571_014 xg/ﬂo s}
E’S}_’ T3k IRF7S 84431519 Type T IFNQ] A S

=gk 18y eDCe) $-ol = obulE IRF19] type I
IFN Aol #eld Ao w F5ET} (50).

EJ Jun and YK Kim

TRIF—mediated signaling pathway

TLR39] leucine-rich repeat motif?] ectodomain®] dsRNA
& 2128 & adaptor protein?] TRIFS} RE-S-SFe] A1
AkQ1 IRF39} NF-kBE 2/d 31417 type 1 IFNS A4/ 5}7
¥t = TRIFS ¥H-&-8 TBKI, IKKi, TRAF3 2 NAK-
associated protein (NAP1)T IRF3& <l4ks)sle] gd 814
1t 24d3ske IRF3= 3 W2 o]53}to] IFN-stimulated
k3-3ke] type 1 IFNS| A S
IFN-inducible genes &

response elements (ISREs)2} ¥

=314, Type I IFNT IRF7 &

o pd

RIG—I—like receptor (RLR) and DAI (DLM—1/ZBP1)0]
O[5t HiO|H A Q14

ulo]e] 2 7493S ¢1Alsk= PRRE TLR £]ol| T} PRR
7} EAE e vt 22 AFA, o|2F FA

RNA DNA
virus virus
endosome,
ssRNA dsDNA el
TLR7/8 TLR9 TLR3
MyD88 MyD23 TRIF
NF-kB TRAF6
» IRF3 IRAK1/4 |
IRF7 7 P
TRAF3
TBK1
2 IKKi
nucleus :
JE— N dsDNA
— ‘—
Inflammatory cytokines  Type 1 IFN TBK1
|
DAL

Figure 1. Signaling pathways through PRRs in response to viral infections
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71218k} (51, 52). 1) TLR3™™ w}9-220] A-GR A2} DC
£ TLR3 APo= E3FaL poly(:C) E+ Sendai virus,
Newcastle disease virus (NDV) 2 vesicular stomatitis virus
(VSV)oll Z+<de] =W IFN-p= A3t} (53~55). 2) TLR3
= transmembrane protein®] == M| EZ oA F2 o]
dojubi= RNA Hpol2]se] 4§ wpoleis Fihibzo]
TLR3o =E% 7FsAdo] Ytk 3) A9 diFie] Ax+=
npol ] 2] 7+AE W type I IFNS 4314 2h TLR3IS
Wk Ao e T2 deAEe] F3hEo] 3l
ole3 AMIES v 2 ® RIG-1SH MDAS7F Al 24
o4 F4]3H= RNA Hlo]# o] thgk PRRE 2}-§-gfo]
THEAIL (56, 57), AA L} vl--20l = RIG-I, MDAS,
Laboratory of Genetics and Physiology 2 (LGP2) & 3 &F2
RLRo| EAjgth= AR o] BHe T} (57). LGP2E Hlol
2122 RNAZ} RIG-19F MDASe 2J8f 145 7)o
negative regulator® 283t} (58). 35-F2] RLRS &7
helicase domain (HD)¥} repress domain (RD)°] <43}
RIG-19} MDAS5+= caspase-recruitment domain (CARD) &=
st EAsich A2E Ul RNAE RIGI9F MDAS7E 914
3h= Wk, Al Z2 U DNAE DAL} 2143k} (59). RLR
7} DAIS] Al D 2= Fig. 13 2t

Retinoic acid—inducible gene | (RIG—1)

Yoneyama &< DExD/H box-containing RNA helicase
family®ll 3= RIG-17F Al3Z U] dsRNAE <124)5}¢]
ARPARSo] Fa3 A Ao ALS WY

(55). |52 RIG-I= N-terminal 2% 5 7§2] CARD

9} C-terminal £ 2.2 RNA-HDS 7FA| 1L Qithe Abal 3,

dsRNA”} RNA-HDol| A%3H ATP-hydrolyzing 715 <
Zgstete] RIGI®] %5 WsAA CARD7Z} down-
stream©. 2 A5 E HEE 5 A 319 type I IFN A
e Fegthe AHES WUk ol w3k A
=ol gl Aol A= RNA-HDel °]al RIG-1¢] 7]l
autorepression 2 7Fs/dol Ae-S FHIIATH

RIG-I:= dsRNA ¥ o} 2} poly(I:C), poly(A:U), hepatitis
C virus (HCV)2] 5- ¥} 3-untranslated region¥} 2 $}-5}4]
Tk dsDNA, poly(A), yeast tRNA}= ZA3elA] =1 (55,
60, 61). =8k RIG-I= 5" "@tell triphosphate”} -2+
ssSRNAY} Ag3le] type I IFN RS z & stots AR
o] influenza virusE ©]-&3F AFS Falo] UFHATH

(62). 1Y poly(:C)= $<3 MDAS7F <1218k, in
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vitro transcribed dsRNAT RIG-17} 212)3tc= 23 % ¢
o} (63).

RIGI w9-225 o] &3t 2glo] oJ3hd Af-=2A 9}
cDC= NDV, Sendai virus % VSVol 7Z+3o] =™ RIG-
ANaADH 2ol 23] type I IFN AAlo] FE=H ) o]l
W3l pDC= RIG-I A& Y4 2 X b= TLR7¥ TLRY
NSNS ZT) type T IFN A S T2 Gdshs o=
okl 2] Utk (64). ©]5S 3 RIG-IZ) #23E Al2e]
[e] [e]

) ©o
=
7 3

ol

i

[o

d-¢- EMCV Aol Adds 7= 2 dssiel
o] 9o %= HA7}A] paramyxoviruses, Japanese encephalitis
virus (JEV), West Nile virus, Dengue virus 5 %22 Bjo]g]2
S5 RIG-I7} Q1A 8= Zlo] Bl Al Qlvt (Table 1)
(65, 66).

Melanoma differentiation—associated antigen 5 (MDA5)

Yoneyama &< RIG-I®} #A3F F+X2E Zb= RNA
helicase® MDASS} LGP27} &S HESATE (58).
ol 5& MDASE FUEAIZL MEZe] Z9- NDV, VSV,
EMCV 71 A] o] W3-8 &1, MDAS vH§-
22 739-oi= NDV <ol type 1 IFN A3AJo] AAldS &
231t} o]23k A3li= MDAS57} dsRNAS ¢1#|&}o]
A eukgo] dojdth= AL oJn]gict,

Kato 5& RIG-I® MDA5SE T%% 02 fAFsFA|qH
M2 O blel 2 FHE Q3 AE RS
T} (63). 5 RIG-I™ A|32] 7% Sendai virus, NDV, VSV,
influenza A virus 2 JEV 7o) o]3t Alo|EFFSl A
o] A&}% AL, MDA5S™ AXE2] 7-9- EMCV, Theiler's virus,
Mengo virus 5 picornavirus Aol 23k cytokine AY4J o]
At el wEba] RIGI vh9-229] 79-oi= JEV B,
MDA5"™ B}$-23= EMCV 5ol €7 7982 in vivoz

g1E 4 Tt
Interferon—beta promoter stimulator 1 (IPS—1)

IPS-1-2 mitochondrial outer membrane Y= 244 TPS-1/
MAVS/VISA/Cardif & ©15< &&34] 2ro]a glont
GenBankol] 2]gF F2]4Q] ©]F<> Homo sapiense] 2%
MAVS, Macaca mulatta®] 73-$- VISA, Rattus norvegicus2]
79 Visao|t}. RIG-19} MDASel 93t 294 2+
IPS-1°] adaptor protein®.% Z8-3}o] (66~70) NF-kB<}
IRF3/7& 243t/ 70t.

IPS-19] #&-S IFN-p, IFN-04, IFN-a61} NF-xB
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Table 1. Recognition of viruses by PRRs

PRR Pathogen References
EMCV 35
Semliki Forest Virus 35
TLR3 MCMV 86
Reovirus 34
West Nile Virus 82, 85
Influenza Virus 36, 37
TLR7 VSV 37
Sendai Virus 36, 37
MCMV 47,48
TLR9 HSV-1 45
HSV-2 46
Influenza Virus 65, 66
Hepatitis A virus 66
Hepatitis C virus 60
Japanese Encephalitis Virus 65, 66
Dengue Virus 65, 66
New Castle Virus 64
RIG-I Sendai Virus 63, 64
Vesicular Stomatitis Virus 63, 64
West Nile Virus 65, 66
Rabies Virus 65, 66
Respiratory Syncytial Virus 65, 66
Ebola Virus 65, 66
Measles Virus 65, 66
West Nile Virus 65, 66
EMCV 63, 64
Theiler's Virus 63, 64
MDAS Mengo Virus 63, 64
Paramyxovirus 90
Picornavirus 65, 66
Dengue Virus 65, 66

promoters /3 3A1713 VSV S48 A S (67, 71,
72). T3 IPS-177 Al dsRNAS}F VSV ZFdol= IEN A}
o] oJAEr} B3 Meylan 50 A7 Ao wh=w
hepatitis C virus2] NS3/4A T2 [PS-12] mitochondrial
outer membrane®l|] Y3t =H|01S Hetsle] IFN A)
& AAg (68). olH s FAELS IPS-19] RIG-I$}

EJ Jun and YK Kim

MDAS 2sd24 2o Fast 43S & & 5 ek
T3 [PS-1 downstream
q3hS gt} (66).

DNA—dependent activator of interferon regulatory
factors (DAI)

AZA HolA RNA Hlo]#] 22 RIG-I2F MDAS7} ¢l
A3kzo] o]et fAFsAl DNA Hhol2] 2ol thgh cytosolic
sensor’} =4 Aolgli= AMAS Takao 5-©| 20073 Z
33T} (52, 59). & DAIZ}= sensor’} dsDNAS} A3s}
], DAIS ¥H3labH dsDNAC 9% IFN Ao 713
= S 53tk 3 siRNAS ©]-8-31o] DAI
A= ‘ﬂe‘iﬂ% A5l dsDNAE T 3811 = IRF3, NF-«B,
d¥ Fzbe] o] AstES Ysakdth 1
g B9 455} siRNA 23 ZA3}= DAI 2] t+E sensor
o] EA 7hsde wiAlE 4= §lth (73). DAL= DNA®}t
Aztete EHlY) A s 2dshe g 4
31-6- = T}]—Hﬂ?él 75%1- = ]o]og o]E A= /‘Vé}% 134—
HHANE, A7) DAIZF DNAS 9148k 343} o]
of M FHA HARH 7S & A LTk (74).

Self nucleic acid®} viral nucleic acid9| 214!

1ol HAA A7} self} non-selfS -3+ E3hH
ZA7hAe A3s ﬂgra]’ﬂ g 9lomF 9la|e] PRRE self
9} non-selfS TEol] AeA oz WANSS do7l
T dofof & Ziol‘jr. gk wpolg| ~E FAdehE A
BT SFAENA 7R E, 9A% VFo R Ho]
22 dqto] SFA Lol non-self® Q14 o]fr= §lrk
v dpole] s FAke oW A PAMPE 288712
o7l tigk A7t dA dsiAl = AL glo]
ol ekt 7]do] Bred Ao r e E FAH

=

HE AT AT AtE ngom SFALL o
@) Hlolg] s ALS PAMPE S14)5te] A duks-o
07| =R tla) Aaa .

TEHQI o]

EA ssRNA HFo|#{ 22 (Sendai virus o) A2 54

Al AR (primer)Z MAE W29 § tnphosphate nucleotides
2 o]gatt) uEba] o] st Hpo]g| =] sRNAE 5 2
ol triphosphate”} -2FE o] Qltt. o]el] whal 5o
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(O

mRNAF 5' @THo] methylguanosine capping ¥©] 31
tRNAT 5" o] monophosphate”} F-2%of 3]
rRNA®] 7o wpo]g| =8} mpz7pA 2 5 ol
triphosphate”} F-2r%]o] 4|7t ribosomal T H o] ZAgh
o dof (75) RIG-I7} 14 8h4] ol Aom 3549
t}. & 5 Dol triphosphate”} F-2H% wWlo]#]2~ RNA
£ &FA3E2] PRRO] non-self= 125} type I IFNS
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Table 2. Anti-immune strategies of viruses
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Adenovirus Sequence motif Clustering of CpG motif 99
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