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BE: (HIER G BEAMIERFFIKE (Rabies virus, RABV) & #il i i/ H, LA R #5410 G 3 K ) H 41
RABV [#] Hep-dG 536054k rHep-Flury ZEAPE REAN IR (NA) ZH AR 38 B 22 57 10 JRL ], 29 RABV BUR L (AT
oA E IR . (7 3k LI 2 M. AR 990t € B PCR. Western-blot UL RIHT AR BTSSR 56, 460 G 2 (it &
IEX IFN-B VA ARG IR F 8 5 5emm . (4558 1Hep-dG LR 2 2 1 NA 409 IFN-f mRNA WIRIE, #iE T T
W F STATI Rk 58 RRIL, 6B RS E H (MOI=0.01) ~, Hep-dG EKHL/5 24 h BIF] 2 & (et IFN-g 3 A
RIL, 36 h IEF &R KF (P<0.001). ZW BN, =48 T B2 )9 % Leader RNA I RIG-I mRNA, H5
IFN-f mRNA K261k 5 5 —3. HiikPEET IFN-B J5, Hep-dG 7£ NA 400 B9 2234 5 B & LT (P<0.01), 41 4FH
Wil 7.9 £, H 5558k rtHep-Flury TREZER . SR, 5 pe 0 pH-G JURLFE Jemefl I IFN-B %
3% (P<0.05), R HKIA RABV G E AR — CBE LI IFN-B M. (SR IR RYIEER T G EAK
TESE R R A R BRI AE A - RABV G 8 H 1T R0, i (R 3% # Leader RNA FIFESK, BUE T RIG-I %
1) IFN-B J&@ ¥, B #0677 Hep-dG 78 NA UM E 5. G & AT RE W TR E @A — 2 M1EH.
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Over-expression of rabies virus G protein and its inhibitory effect on
the virus in neuroblastoma cells

YANG Youtian, ZHANG Qiong, ZHANG Boyue, LIU Wenjun, LUO Yongwen, ZHAO Jing,
MEI Mingzhu, ZHANG Ying, LUO Jun, GUO Xiaofeng
(College of Veterinary Medicine, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To explore the role of G protein in rabies virus (RABV) replication, reveal the reason
for the difference of virus titer in neuroblastoma (NA) cells between the recombinant RABV Hep-dG with dual
copy of G gene and the parental strain rHep-Flury, and lay a foundation for the study of RABV pathogenesis.

[Method] The effects of G protein over-expression on transcriptions of /FN-f and related factors were
examined by the virus binding assay, virus entry assay, fluorescence quantitative PCR, Western-blot and
neutralizing antibody blocking assay. [Result] Hep-dG infection significantly increased the expression of IFN-f3
mRNA and activated the expression of the downstream factor STAT1 in NA cells. Under the low multiplicity of
infection (MOI=0.01), the expression of /FFN-f gene significantly increased at 24 h after Hep-dG infection and
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reached the highest level at 36 h. After the virus entered the cells, there were more viral Leader RNA and RIG-I
mRNA, which were highly consistent with the expression of /FN-f mRNA. The block of IFN-f expression by

neutralizing antibody in NA cells significantly increased the virus titer of Hep-dG in cell culture

supernatant(P<0.01), which was 7.9 times before blocking. Meanwhile the virus titer of Hep-dG had no

significant difference with the parental strain rHep-Flury. Compared with the negative control, transfection of

5 ng pH-G plasmid could stimulate the transcription of /FN-S(P<0.05), which showed that eukaryotic

expression of RABV G protein could stimulate /FN-§ transcription to a certain extent. [Conclusion] This study

preliminarily reveals the cause and role of G protein in activating innate immune response. Over-expression of

RABYV G protein activates the R/G-I-mediated IFN-f pathway by promoting transcription of the viral Leader

RNA, which in turn inhibits Hep-dG replication in NA cells and finally results in the lower virus titer in NA cells.

Key words: rabies virus; glycoprotein; IFN-B pathway; interferon-f; virus titer

FERI & — Fh BRI & L0, &2 R
J% 8 £t Rhabdoviridae J£ K 858 Lyssavirus [
FE R 5 (Rabies virus, RABV) 3| #. RABV %
BRI 2H i 5 b 2540 2 )5, 40 e B (N B E).
BEEE (P EA) ERER M EA) BEEEA
(G HB) MREREIEA (L HH). WiEikREAH
RNA 5% A B 0 AR &8 5 1 98504 Bk i
¥ (RNP), il RABV FIE Hil A0, M EA
FESR TR RO 2R i B R B, HAE G &
IR 4 B AE R A 5908 BRI M 1) 20 5, AT
NG 204 G R R M — SR LAA = A R R A
PR IPLE, [FRHAEE S T 408, LA = 4
YA, AMYAETE FHRME R (CNS) Hid kR,
WEEHE S MMM R AR T, MR, RABV
RS R ARIET EEH G AL, HRE
()55 7755 15 5 IR R Tk B,

AUHARIBE AR B, #57 W G 2R E 2 RABV
Hep-dG B YA & BEA ISR (Neuroblastoma, NA) il
5 9 B P B R TSR AR EE AR rHep-Flury!Y, T
£ BHK-21 iR A AR IR & AR AT 7R
B, Hep-dG 4% NA 40/ f5 175 & TR 20 s e
MR AR E L, AE(E B TNSS S Western-
blot F175% )72 & PCR IUE B FH 2l B% (L 7E Hep-dG
SR SR S, W RABV 358888 G R AR
FKEHTMENES 2SR IEA, T BHK-21
A& RIG-1 /13 TFN 38 2% (1) R 5 B 24t a2, i 2 P
#H 40 RABV 7E BHK-21 408 F1 NA 40 g o 1) 0% 25
TR S TR IE IS I BOE A K. MR
b, AR HE— B0 5 YL RABV I 4 NA 41015
SEETMENER, DR G EASTIMRIES
Z I TE O &R s FR I8 I A BE W7 5%, 30F B 4R
K5 FLE RABV EHilHHI/ER
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1.1 #H

111 @fdesmd R ONA 4008, W E R A
ST ST, TE SRR B0 10% G4 1 () RPMI
1640 H155%; 518 RABV rHep-Flury Al X(
G R () E 4 RABV Hep-dG™, {17 TR £k
ARSI =

1.1.2 a4 pH-G(& H ALK 5 Hep-Flury #k
1 G ), i H A E 7 ALYt T B Dr. Morimoto
Iz HI . pH-M 1 pH-GFP, 35 R R b K 22
= A e 56 = B ok U 7E pcDNA3.2 # AN T
Hep-Flury ] M JEK A1 GFP JE K T #4 72

1.1.3  E&3X#  STATIL.p-STATI1 Hl B-actin 5177
EPUIR, HRP FRic )l 50 1gG. HRP FRid 1l
EHi i 1gG 409 % Dylight 488 brid (1L 24T
5t IgG, ¥ N3 Bioworld A &) 7= . /NPT IFN-B
R LR RN IE B BUR TG vE xR, I E 25
R&D A7 . Clontech Xfect i 447 B H A
TaKaRa A . %7€ & PCR kil & (THUNDERBIRD
SYBR qPCR Mix) Il 5 H ARV~ 7 . $L RABV
G HEEM M AR 5B P B AR Ao S R
A S5 5 1) % o

1.2 7%

1.2.1 % #%% % PCR # M IFN-f mRNA # & &
¥ rHep-Flury #1 Hep-dG LUAH A )& 4L 5 (MOI=
0.01) &Y% 6 FLA ) NA 2, 7] i 5 A 42 25 1) 40
Moy xR fEHERESS 12, 24,36 F1 48 h,
1 mL 4 ‘C A PBS(pH7.4, 0.01 mol-L™") #i4H
Mg 1, BN 1 mL Trizol, f#i#& RNA, 52 &AM
AN[EJH 18] IFN-f mRNA [R5 .

1.2.2  Western-blot ¥ STATI1 #= p-STATI #) &
ik 4% rHep-Flury 1 Hep-dG PAAH [F] ¥ J8 4L &2 44
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(MOI=0.01) /&4 6 FLAH A NA 4Hf, [FI0 5 A%
FHIYAE A A X IR . fERERE A 24 A1 48 h, 35l
PR M A, 31T STATIL M p-STATI K& H E
1 Western-blot 7 »

123 F4mAaR M miaat A egrm K rHep-Flury
Fl Hep-dG 43 /LA MOI 4y 0.01. 0.10 Al 1.00 #5H
6 FLAR ) NA 20, (5 4 A 52 2 10 40 i /E 9 2

EXTHE . AMIAE 4 °C UKFEANJCE 2 h J5, PBS B2
KRG RIRERT, R J5HR I RNA, DURE R 5]
) VRNA-F fll vRNA-R(FE 1) #4175t & & PCR
([FIFt L GAPDH-F 1 GAPDH-R 42 &) A6 41 iy
TR HE ML 4 vRNA, H 3 A] 00 A 7 = 40
RABV BB gE /11

1 WHEE PCREMSY
Table 1 Primers used for fluorescence quantitative PCR detection

ek R 51975 CIE7 B i P fbp

Leader RNA Leader-F 5'-CCAGATGCTTGGCGTCCT-3'

Leader-R 5-ACGCTTAACAACAAAACC-3' o7
VRNA VRNA-F 5-GGAAAAGGGACATTTGAAAGAA-3'

VRNA-R 5-AGTCCTCGTCATCGGAGTTGAC-3' 130
RIG-I RIGI-F 5'-GCAAGTGCTTCCTCCTGACC-3'

RIGI-R 5-ATGCGGTGAACCGTCTTTCC-3' 1
GAPDH GAPDH-F 5-AGAGTGTTTCCTCGTCCCGT-3' 109

GAPDH-R 5.CTGTGCCGTTGAATTTGCCG-3'

124 FHRENZ R A 694 K rHep-Flury
1 Hep-dG 43 7 LA MOI 24 0.01, 0.10 1 1.00 2 7F
6 FLAR 1) NA 2, [R5 R B 7 i 40 i v 2 A
TR . AHMIAE 4 °C UKFEATHCE 2 h 5, PBS BEZ R
GEA IR RRRL T, 4REEAE 37 C YHMIRE SRR A 2 he
MRS ECH 0.25% A E EDTA iy kb 2255 25
W B ) 0 B, 2 44 B R THT RABV, 48 J5 $2 L
Y RNA, 5<% 58 & PCR Kl P 38 5% 4% 16095 25
FERI4 vRNA, B N2 40 )9 5 &

1.2.5 F#41y%4 Leader RNA .VRNA #= RIG-I % F
KFegxm ¥ rHep-Flury M1 Hep-dG L MOI=
0.01 12 FLHCH I NA 4, A A & AR5 10
NA 4HffE 2 A B 0 BT IRGL f5 12, 24, 36
A1 48 h HUH 4t f, 735 FR M. F PBS Jeik4uiu 1 1%,
LI 500 pL Trizol 2R, MEEFE T RNA.
L 5'-CCAGATGCTTGGCGTCCTCTTTGCAACT
GACGATGT-3'f1 5'-GGAAAAGGGACATTTG
AAAGAA-3 N5, 7 34 i RABV Leader
RNA 1 vRNA ] cDNA . RIG-I [ 5 55 /N 75 B
SVEM 51, ] ReverTra Ace® qPCR RT
Master Mix with gDNA Remover 1% 5% 5% 2 MR 51 &
BT SO LA 1 IR R 51 D 3R 19 1) cDNA idE
1756 5 & PCR &, [ GAPDH /£ NN 2514,
1.2.6 F409%7 Leader RNA #9 B & #Modr il
T RNA fold Web SeVer 7££& 8440 # 2 Fk HE 41
RABV Leader RNA 1] 2R 451

1.2.7 pH-G 5 pH-M F# /8 NA 2800 £ o) R A
W5 ng Tk DNA FH % L 22 i il b B 28 e 4 AR A
N 100 pL, #sI0 1.5 pL Xfect Polymer, 7E % e TR ~J
PR E] 10 s, ZEWEIFE 10 min J57, IO 40
AN 50%~70%. 37 C K53# 7 12~16 h [ NA 41
Mo 37 °C gksits9 4h 5, BIEFRRE, TN 37 °C
YRR FERE, 73 IAE 24, 48 F1 72 h JFELH, INAHT
G Al M & AU, BT A e 2Ot .
1.2.8 IFN-B #9435 FOK-FFedthFLBT X3 K pH-G
5 pH-M Jii ki DNA % bk 7765 Y NA 400, 75
A IE FIIH ) S B, FEE RNA, 9% % 58 & PCR Kl
HIZEKIZE G.M EHJG IFN-B 5K

¥ NA 20T 6 FLHRH, 37 °C K5 9% 12~16 he
Rl i A FE N 80%, 3135 77, TE&FLHmA
2 mL 1% DMEM Al Anti-IFN-B(10 mg-L "),
ALH AN AY 1 ho ¥ rHep-Flury 1 Hep-dG LA
MOI=0.01 4 NA 4iJfd, 7£ 37 °C W 1 h, [FI ik
RILEBEN) NA HHAE N2 A S H Anti-
IFN-B (BTt Rs 7 0k . 7R85 )5 48 h, W4E Bis W,
Kl RABV 9% #3015 o [, $EECAN M RNA,
¢ 5E B PCR A TEN-B (1 BT 5 51,

2 ERE5SH

2.1 ELEFRZREGE NA AT IFN-B BRI
TR e A RABV B XT NA 41 i 7= 4=
IFN-B U520, TE4: 85 )5 12, 24, 36 A1 48 h, @it
http://xuebao.scau.edu.cn
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Y€ & PCR 4%} rHep-Flury F1 Hep-dG /4L 4
A2 xS BT B IFN-p 1% Kb AT T 404,
5N 1a Frs . fEEURIEG S 3 (MOI=0.01)
N, Hep-dG J&#4L)5 24 h BIA] 5 23 IFN-p 3£
[1ZR3%, 36 h IA R R 7KF (P<0.001). [FIRY, Hep-dG
(ANETEPCT
V7] rHep-Flury
2% Hep-dG
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IHN-B Fi51
g

W
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Kk

0 == Hﬁ%

JXYL 24 F1 48 h YW GE STATI KRR 1L, Hep-dG
YA STAT1 MIRIEKPBEEA Bk rHep-Flury
B4R S (B 1b). HILTLEH, £ NA 40, Hep-dG
YL fE B3 [ IFN-p mRNA 2835 A0S T3
# N STATIL,

b

24h 48h

1 2 3 1 2 3
STAATI —— s — —

P-STATI (Y701) p—

T —

B-actin — . - — - —

12 24 36

Lgy/h

48

a: Hep-dG /& YL 38 IFN-B 5L IR (K /K, [ rfreese, o it 3 5| 32 713 2R 195 i FIT 0 L FRVRE AR 22 5715 0,054 0.01 11 0.001 FRJ B2 7K1 (¢ A3
b:Hep-dG /YL H STAT1 BIRIAFIEIE, 1: 25 X, 2: tHep-Flury, 3: Hep-dG

El1 Hep-dG B NA HAREGE IFN- {5 5188
Fig.1 Hep-dG infection activated the IFN-f signaling pathway in NA cells
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HF, G EAMITREEERRE T RABV W&
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2.3 E4H%3 Leader RNA 1 vRNA 5 RIG-1 &

ESRESERN

AT WEFCE A RABV 7E4H I N Leader RNA 1)
Fik £, ¥ Hep-dG 5 rHep-Flury DAAH [F] ) J e
B H (MOI=0.01) &4 NA 4w, FIH» bz &
PCR #U T A [E) ) (] S 40 Bl )N Leader RNA A&
a2, (ARSI T B R R 4 VRNA R RIG-T 2[R 1)
eSO, S5 R ILE 3, B 3a o, Y E A
[ I5F 1] 4, Hep-dG Leader RNA 7£ NA ZH il o )5
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Fig.2 Analyses of RABVs adsorbing and invading NA cells under different infection multiplicities
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a: Leader RNA [J3RIE, b: VRNA [MFRIX, c: RIG-T BRI 13015 s & [ v il 43 5| Fe TR T2 9 i BT R . R AR AR 22 5398 0.01 11 0.001 1) 2 7K
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Fig. 3 Effects of rabies virus infections on expressions of Leader RNA, vRNA and RIG-I gene

& B & TR E K tHep-Flury, Hi&# Y5 IFN-p
R (K 1a) —5. Hep-dG Leader RNA [f]
RIBEAERG 36 h BB H &K, 48 h HA T
B, AEATS SR i3 v TR AXFE Ak rHep-Flury(P<0.01).
TEJZYY 36 h |, 400N Leader RNA 595 & 2L K 41
VRNA HI& &8 —3; FE %% 36 h 5, Leader
RNA [IRIEIKFFFUE R B, 1 NA 4004 vRNA (1)
SEMks T (K 3b). AR, RABV 4L 5, 4
W RIG-1 B[4 #% 5 Leader RNA—FL; £
)5 36 M1 48 h, Hep-dG/E 4 ) NA 40 g
RIG-1 BRI RIE & 3% 5 T 25 A&k rHep-Flury
(K 3¢, P<0.001). W] Hep-dG /& H: NA 45,
B2 1) Leader RNA £l vVRNA T, %5 RIG-I mRNA
W%, ST IFN-f mRNA H%£ .

2.4 ELHRE Leader RNA B Z R TN

5 H AR SN O vk, 08 A 2R A

RNAfold Web Sever 4347 # 41 7 Leader RNA 1)
TG o FERFTAR N RNA (K57 S, B R )
2T hy, AR RSN N Ak sl 5 A T 1) R 6 K s B
AR 1) 5 2, SRR IR Ak Bl S Ak T G X ) MR 2 R
AN, R E 4 Fros . B 4 AT, rHep-Flury
5 Hep-dG B A 58 &AM A Leader RNA J7 41 F1
P ahky, Hof/N A HBE N-13.02 kI mol ™. #5182 #k
RABV # k] Leader RNA 7E45 8 %A %2 5,

g 06’9

4 ETH/)BHEMNITRFKRS rHep-Flury 1 Hep-
dG Leader RNA B2k %54#)

Fig. 4 The secondary structure of rabies viruses rHep-
Flury and Hep-dG Leader RNA based on the
minimum free energy

IFN-B ik & 138 2 T Leader RNA [ 3% K
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25 G. M EBE&FKIEN NA i+ IFN-B 5%
S 0Al
NT R G E AR M E A A SR IET
IFN-B ¥ W52, B 5E#R pH-G M pH-M iR
YL 0 5 255 1R e R I TA) 2. 430K 5.0 pg 1Y) pH-
G Al pH-M 5 43R5 R e NA 41, % YA [H]
J5 B f) pH-GFP FURLE A B X B8, 0 (4 1
NI R S5 SR, TEHE LS 24, 48 A1 72 h, pH-G.
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pH-M 1 pH-GFP JFURL/E NA 20 |- 396 &1,
48 h IR E ek (1K 5a). RIE IR R it
i IE], % pH-G A1 pH-M ik LA 5.0 A1 2.5 pg 435
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G 1) 4 i g B 1 0 R, R B S 48 h, SR ELA A
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Fig. 5 Effect of G protein eukaryotic expression on IFN-f transcription in NA cell
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Fig. 6 Effect of blocking IFN-f pathway on rabies virus replication
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