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[(ZE] a6 FHEEATLKHEHCY)H %5 RNA(single strand RNA, ssRNA) ¥ 31 1 A7 85 (4 90 5 3805 5 51, 9 9F—
L SREMIE TGRS ANENA., F&  HEIFA M 4 % HCV ssRNA J¥ 5 H 1 3 B AZ 18R 15 51 (HCV-ORNs) , i
3 ELISA WA I H 75 5 10 40 B 7 26 38 1% 000 L 00 A A R SR e Tt I 37 . AR 3 o ke R R DR A BEL VS S 6 % 5 3% 43 AT B R O
5z R A ER, 4% 1E 44 HCV-ORNs H, ORNyeyen ' A ZFE F A H F TNF-o. IFN-o J & (P<0. 01),
5 ORNpeva ¥ R 46 MEE KA Z PR 4 e 8w il 83 Fa b, K Wl B 5 HCV ssRNA B 50052 52 0 AR OC /9 8 1 AL 4%
TLR3(Toll-like receptor 3) s NLRC3(NLR family, CARD domain-containing 3), NLRC4 (NLR family, CARD domain-contai-
ning 4, XFR IPAF), ## RIMEH HCV ssRNA FE I oA R0AY %005 Bk 5 91 L 9F i v th 5 s R4 A & 1, o HCV
WG R SR A E SR 1A DL T 98 B 5 T 3R A
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Study on immunological activity of single strand RNA of hepatitis C virus

CHENG Na, ZHANG Yi-liang, WEI Wei, WANG Kai-hui* , SUN Shu-han”
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[Abstract] Objective To screen for the effective immunostimulatory sequences from hepatitis C virus(HCV) single strand RNA
(ssRNA), and to identify the proteins that can bind to the sequences specifically. Methods Four oligonucleotide sequences ( HCV-
ORNSs) derived from HCV ssRNA were synthesized, and the cytokines induced by them were detected using enzyme linked
immunosorbent assay (ELISA), so as to identify the effective immunostimulatory sequences. Then proteins binding to the sequence(s)
specifically were identified using improved electrophoresis mobility shift assay (EMSA) combined with electrospray ionization mass
spectrum (ESI-MS). Results One of the HCV-ORNs, ORNycvg » induced higher levels of TNF-¢ and IFN-q (P<Z0. 01). Totally 83
groups of proteins were identified that can bind to ORNjeye 3 the proteins included TLR3(Toll-like receptor 3) , NLRC3(NLR family,
CARD domain-containing 3), and NLRC4(NLR family, CARD domain-containing 4). Conclusion We have successfully screened out
effective immunostimulatory sequence of HCV ssRNA and the proteins that can bind to the sequence specifically. Our findings in the
present study lay a foundation for mechanism research of immunity stimulated by HCV infection.
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(pattern recognition receptor, PRR) T iR 7l , #3iG K 44
L VAN o QA I A N T Ol N B 7 R
(IFN-o/ ), J7 & & A P07 S 0y e 85 819 5 02
— s T FLATLR AT 3E— 2558 3 43 90 11 200 i DR oF 42 ol 3
P G A R IR . TR, HCV ssRNA A 351
TR LA (B0 B S RN R G E B /EH .
B G328 22 GEAE I 0 8 AR Z 05 . WA i sh A7 380
G325 IV 285 TR AR 9 75 SR e L DA B A R 4 o B Y
TS T2 5 WA U BRI R

ARBFFETRHE T HCV ssRNA ¥4 Hi G 85 i 4 7%
WO FE A O i — 20 0 o LR S A A B L K
YE HCV ssRNA [ 48 5 32 1k, Oy i — 20 8R40
HCV ssRNA 145 F4F AL HI 28 5050 H il

1 I E

1.1 @mpe AN Z4THE Mk THP-1, B E 140
RAW264. 7 [ B} 24 B 4080 2 . A F0 JE 1 204 4%
4 (PBMC) 43 B A fa BE A F ki, THP-1 20 g .

PBMC 7 % 10% FBS(Gibeo 22 &) i) RPMI 1640
K IR W (Invitrogen A wl) A K, RAW264. 7 41 i
% 10% FBS (Gibeo 28 H)) ) DMEM 15 % i (In-
vitrogen AR A KL B SR KM 37°C 5% CO.,
IRSIRIT i

1.2 RRBFBAFINGHRLESESR XNTEAER
PERNFME RNA 097 R s H AT w8 B i Ui
At AR EW S G/U BIEN T 5 HA 5%
B4 B SR G L O L U A B0 R 22, 4 2 ) R P
R BTN HCV ssRNA H BEHL 7 & (i e bk
HEG/U B 5 >50%0) I A i 4 SRR S 5
BAF R P 51 (HCV-ORNs) , #5136 1, % e BH
S TEER AR IS AT M 20 nt poly (U, B ¥ 31 [H]
ORNucvei » 7E 5" 3 HEAT FITC #3105 35 - R 4 (R br
CHRED 7 8 F AR L 4R, 8 FITC #ric s B PE X B8
(N. O B4 FSI 4 .5'-UUG UAC UAC ACA AAA
GUA CUG-3". 7 FITC #ric, LA b Bk 58 AT IR
el b vfg S ) 25 HOR A RS A A .

% 1 HCV-ORN F 75l

Tab 1

HCV-ORN sequences

Region in HCV and ORN name

Sequence(5'-3")

Mutation (ORNmut, G/U to A,5'-3")

ORN3y GCC CCG GGA GGU CUC GUA GA
ORNGz131 UGC GCU CCG UGA UAG GGG GG
ORNsgs1 CUU UGA AAU GUA CGG GGC CA
ORNHevai UUU UUU UUU UUU UUU UUU UU

ACC CCA AAA AAA CAC AAA AA

AAC ACA CCA AAA AAA AAA AA
CAA AAA AAA AAA AAA AAC CA
AAA AAA AAA AAA AAA AAA AA

1.3 @miBE-F4n PBMC.RAW264. 7 400 100
plCAN SR FEH R 1< 10° ~2 X 10° 4 /mD 4 F 96 fL
B2, 43 1 28 10 pmol/L ORNyyp s ORNapy  ORNigggs
ORNiievi « A B 9 10 pmol/L ORNmut [ ORN 5
DOTAP(Sigma 2 &) 7€ JC Ifil ¥ 85 37 W TR & 1 &
DOTAP X A/EH 24 h 5. W 4E PBMC 5 = -
W, AN IFN-o. A 1L-4 ELISA i 57 &
(R&D 2 7)) K& I TFN-o, 1L-4 £ ik &, i 4
RAW264. 7 2085 32 135 T Bl TNF-o ELISA
R ) & (R&D A FD K TNF-o ik,

1.4 mpE&Eamir KFERHEEOHNL 000Xg
B0 5 min Y8 THP-1 4000, VK% B PBS ik 2
W,1 000X g B0 5 min/K, 7 B, THEAN,
1.0 X 10°/MF I 4 B in A 100 0 35728 M 40 i 24
e W T 2R R UK PR IR & B 20 min, 1 000 X g &5
0 5 min, W FEWR BB & H, A BCA
1 ARG I3 7R B (Biorad 2 R I 2 8 M
1.5 RNA-#J& M3 5% 3% (RNA-EMSA) i A
W ¥4 RNase-free 7K e il , 58 I HL Uk it T 3% 55 A Ry

RNA L. 8% AR P43 B I A e il (10 mD) » XUZ&
7K 6.02 ml;30 % & BERE 2. 66 ml.10 X TBE 2 #f
W1 ml; Tl 0. 25 ml, 10% i Bl IR #% 70 pl;
N. N, N’, N -PUR 52, e (TEMED) 3.5 pl,
RNA-H 45 ROV S8 35y 4 241, BT (D Frid
T (2 BE A AR ig e (3) ME A + 3w R
B ARt B 5 s (O B A+ N C 3 E +H AR i 545,
BARRBARRT . (D EE RNAKFR, 10 X 455 %%
M 2 pl,Poly (1: C) 2 pl ARI2#RET (10 pmol/pD
0.5 pl, THP-1 8 &8 H 4~10 pg, #b 2 RNase-
free K 2 BATR 20 pl AR S, R #F E 455 30
min, (2)ZEPLEE IR 10X EEEZ MK 2 ul,
Poly(1: C) 2 pl. 35 N. C #4F (100 pmol/
pD 2.5 pl, THP-1 4l S8 11 4 ~ 10 pg. #M 2
RNase-free /K & B 19. 5 pls AR A, 2 IR
BE45E 20 min, RN A SR ICHEE (10 pmol/pD
0.5 pl, i FIIR A, = R # B 45 & 30 min, JEAEHE
PAGE. &45 & A 5 X e84 PAGE &
FIEFREZE MR G = RO D J5 EFE 2
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FefL, HIKZE W N 1 X TBE(pH 8. 3), HLJE 100
V,HLPK 100 min, Bt Typhoon 9400 #4
YeH A% & 4 (GE healthcare 2N 8, &6/ %
S KA 488/520 nm,

1.6 " F ik (ESI-MS) 24 B RNA-ZE 4%
SEE A A T ESI-MS 48T,

1.7 %t sa® AHRED a+s £ox, R
SPSS 10. 0 # 4, I F Student’s ¢ K 5643 M W 41 1Y
Z5 ., KEIKF-() 4 0. 05,

2 # R

2.1 HCV & # & /5 Hik Nk HCV-
ORN's HA 850 S0 52 BTG P 3, il ELTSA 5 46
HCV-ORN s $] 3 RAW264. 7 40 il J= . 12 % 240 Jfd [
+F TNF-o Mk, DL &R PBMC J5 . Thl B4
fE P F IFN-o A1 Th2 A9 40 i [ F 114 A9 K3k 5,
2R K M, ORNueve 15 % TNF-o £ ik & (K 1A,
P<0.01) S IFN-o By R ik & (Kl 1B, P<<0. 0D ¥ 1
LWL 114 B RB & 5H A ORNmut 75
S A HEJE I 25 00 (B R R P>0. 05) ., IR
] ORN e A2 A B G2 BTG Y51
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1 HCV-ORNS # i RAW264.7 HF15 S TNF-a(A)
R R PBMC 5% S IFN-o(B) R ix 7 7
Fig 1 Analysis of TNF-o expression in RAW264. 7 cells(A)
and IFN-q expression in PBMCs(B)
after stimulation with HCV-ORNs
** P<C0.01 vs ORNmut stimulation. n=3., xr=*s

2.2 REBERINSEGLELS>N BT EK
o E BT T 5 ORNyevea 5 THP-1 40 M S8 (3547
RNA-EMSA.Z5 50 E 2 i s, brid S8 5T 5 40 i 6 8K
FIH L RNA-FE 125 6 4% . 8 R b id 19 52 48 5 5
FEEE R RNA-BE 456 404 LI & i & K brid

BN, C IREFSEPEE5 5 AR P25 5 2=l T 2% T
FE AR 45 G A0 BOA 220 IR Z 25 T RNA
HEASE AR RIS Ho eSS 5 .
Labelid prohe
Lininbeled probe -

N probe =
Protein exirsct

—— RN A-protein
comples

B 2 JZE ORNucva H R 1E
BEBRSEAKTH RNA BEMEHG LT
Fig 2 Specific ORNycvei-protein
bands examined by RNA-EMSA

2.3 MRS W LRRER RNA-EAS S
Zolf AT ESI-MS 43, Jh S g il 83 AR 1, 8 4
gk 2 s, Hrp R4 HArot s Ko ig 5
HCV ssRNA Hll K K 595 B AR O 19 25 AL 45 .
TLR3(Toll-like receptor 3) \NLRC3(NLR family,
CARD domain-containing 3) \NLRC4 (X Fx IPAF),

3 i

9T K B, HCV ssRNA ZA 800 e 58305 1 Ik
{24 B ORNs 1] LU B 88 RNA W 1E 3006
N2 ML L 5 R I A B D AREFSE A HCV ss-
RNA Hfifi i 3 A T 4 4~ RNA 2 R H 8751 .
ORNG;y; . ORNG5; . ORNios; Al ORN ey [ Poly (U) ], &
I ORN peven FL AT R 5 14 G0 028 00 9851 , BE 0% 5k 20 30T
TR A P T, 5 T R0 40 i 7= AR K B TNF-o
IFN-a, PEHTZ3E RZF R [ Poly (U) 1JF 51 g A 5k %
TG S A A L A A L P -, 56T HCV ssRNA
TR AR AR N T IS, R A DL H b S 5
N GRSE G P 5 i 0 9 0 41 AR Ji 3 T AF 9 1)
P JEAR S5 28 N HOV 5 5 Pk G 8 38T e 471 0 2 #1Y
£ 8 2 BRI 731

ARBFFEHE— 43 i RNA-EMSA %54 ESI-MS
IR i 1 5 1% Poly (U B AR B AE & 1,
FH TR A EMSA #AR ., 5858 P frid s A Y
Fhric EMSA ML, %2 B EMSA B R £k 9%
JebR i, OB L BLSE I B AR A, xR R
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RNA-FEHZ A
fie

oty EAT TS M e L SR M E 83 b
HH L H A H

CV ssRNA ] 38 K SR 4 % S hp

R HY AL 4G 3 A 2R R AR G s 5 R Sl
TLR3.NLRC3 il NLRC4,

7,
'52

{ZS

R 2 ESI-MS EEMES ssSRNA HREH
Tab 2 List of single strand RNA binding proteins identified by ESI-MS

Gene_symbol SWISS-PROT M, pl PepCount sequence
Toll-like receptor 3 precursor(TLR3) 015455 103 828. 61 6.73 K. SEELDIFANSSLKK. L
Isoform 4 of protein NLR family, Q7RTR2 111 634.42 8.58 R. AM * QAEDGRLDVFLR. F
CARD domain-containing 3 (NLRC3)
Isoform 1 of protein NLRC4 QINPP4-1 116 159. 12 6. 32 R. FKNM % VIVTTTTECLR. H
R. FKNM % VIVTTTTECLR. H
Protein disulfide-isomerase P07237 57 116.53 4.76 K. HNQLPLVIEFTEQTAPK. I
precursor(P4HB) K. NFEDVAFDEK. K
K. NFEDVAFDEK. K
K. VDATEESDLAQQYGVR. G
R. EADDIVNWLK. K
R. EADDIVNWLK. K
R. LITLEEEMTK. Y
R. LITLEEEMTK. Y
Isoform 1 of Bel-2-associated QINYFS8 106 122. 61 9.99 K. YQGDGIVEDEEETMENNEEK. K

transcription factor 1(BCLAF1)

WH NN TLR3 S0 8 AU RNA(ISRNAY I s #80, ik h 5S HAR R 45 A M EA . R
24K ASF T 40 R, AT DU S R B dsRNA A HCV 3400 G 28 5N B ML 58 558 T 36t
Poly(1: C), T dsRNA J&J% % & il i 2 % i (5 % % 8]

FEAER a2 B, N e TLR3 715 £ 00 3 KR
PER P B EAE A, {H & T Marshall-Clarke [1] Global surveillance and control of hepatitis C. Report of a

SESIMGE TLR3 A8 30 1 B AL 8% Poly (D). [H ik
TLR3 ] fE X dsRNA 5 ssRNA #F H 5l g8

ARIIGAT I R T X — 4538 . $278 TLR3 Al g [2]
J—FEr ) HCV ssRNA U552 &, 78 HCV 5 &2 (3]
8 R AR i e g v R HEAE

NLRC3,NLRC4 J& 7 NLR(NOD-like receptor)
KW A T, NLRC4 A 98 P9 B8 A §E B 25 13 (4]

ANV B3R 3 75 2 NLRCA 34036 —Fh ASC K i
PER) NALP 2 A5E/IMA, T I5 S TL-18 B9 AE B sk 20 At [5]
AT, ZATIACH NLR % 2 DR 40 5 oA £ L H
HIEMPF R, AT SRR A BT RN,
ABFFEHR R, NLRC3.NLRCA A HE7E HCV ssRNA
PO R & 5 4E F L AT HCV 355 5 1 S g8 S
IO P ML A 5 58 A1 T 38T A 1) LR B

X F L EATRE R HCV ssRNA Y 1 1 ok —
AW E STl EMSA W afifb i 1S HCV-
ORN (W45 G #EAT s FLUOA] 38 o B B = e 22 58 F R HE
PN A RNA-ZR 18] AH B AR O6 3E R AR S0 56
PEAT R R 55 2 1 A e A, SR E o — 0, ) AT gk — 4
W 25 A 5 30 v 3 o DI RE A ik TLR3 \NLRC3
SUNLRC4E A A LU HCV ssRNA, Qi i 3 K
it F 38 K RNAL LR 17 S fie 22 3 A 5

B ST ST 2k 1 HCV ssRNA 31 ff A Sy
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