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HEaITFIlEEF4HEENR VP56 55 & GRP78 &H
BEFESRA RN

Ao, AmEe
(1 AP ol R 2K = 2B, Bk B 4300705
2. HF RS EARERLRE, BHEEMSENERLR=, LR EFH  266237)

WE: H 7 EAEEFHIEE (GCRV) B B EALH, FEANEZK VP56 (I B Anll & GCRV
RAMGEE) SHREAMEANMEIER. LRETFZIIRE (co-IP) LI, VP56
5@ ETHRAS > THEEaRARATE G 78(GRPT8) R A EEH. W&,
VP56 5 GRP78 iy F 1k ## 1t 2 F 3% 41 4h 41 & % X & & mNeptune 8 K 2~ F % L T 4h & 4
(BiFC) /2| 10 if. % VPS6 RRE RA M E & Bl & (CIK) ¥, Wi T CIK @8, )i K
MASKEERTM, FEMK. ¥5K BAFIALR, JLH VP56 #b W i M & #H. #iL
XF P9 50 P RL BT e 5 S B F B9 mRNA ACER N, &I VPS6 3k & b 4% K H T 6 (ATF6) 4~
FTHETHRIERE, WEFHEZARN. AAAEH, GCRV-I REIE FHIF T @R
A WEWBF R #. AFHE A GCRV &R Al fuyii GCRV & A X R B T 3 B8, 45
T T AT R ALE], A BT B OKIRE T o B A A B B AR

KA F 6, TAFRIEE;, %% 0 VP56, HERRATEA T8, WRMEHK

hESES: S941.41

A1 (Ctenopharyngodon idella) 23X, [E % Y
WAKFIAA T, WRIHF [ & & m iRk
FRBH S, 2022 4F 4 [ R R IR F 590.5 77 to
BE G A FRGE P B PR e, O SRS N T
AR AE SR B R RS, AL B R
TR, SR ARSI . W I R 7 5E
RS 22 B AR PR () A5 o ] B SO AR IS |
a5 g, RO 0T 7 P06 B (grass carp reovirus,
GCRV) J&Hu 5 [ Ay R 1, AT B0 fo o fp
B A E AT, AETO RS 90%, 4
T =K 7= FRFE Ml 8 S R R, R AR 5
b ™ G, (A AR K 2R T 2 TR
Pl B R e JR A i o — 2 ) B o
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XHEEARERD: A

GCRV & —Fh X% RNA (dsRNA) 55, J& T
IKANE R D B3 )8 (Aquareovirus), 27K AEME 7K
a7 R RE S B SRR 1 2 —P. GCRV i 5 Jkr &
—MNHARRKFEIE Tk, HERAGE
AR B, gt 131N ER A EAH 64
JEEMES, HEr, FRECSSEEE R
VT IO 1 M 0k 30 Bk, v o8 A S R A D
1Y FE RO A 12 BRT. AR AN [ vPe KL A1
GCRV A 43 4 GCRV-1 ., GCRV-II fl GCRV-II
3 FPAL, fUREEMR S SN GCRV-873 (1 1),
GCRV-HZ08 (Il %) 1 GCRV104 (I ), H i,
GCRV- 11 /& H i & [ 55 B A7 f e g iy 2 8,
505 L 3 90 1E 1% I 5 (Orthoreovirus) [a] J5 74

'(-x D
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e IEPE IR R R R ool LIS T4 Mk
M EEFE T A JAMA) B 1 2R 454
JRYLA I, 755 NF-«B WG AL A i g8 =0 it
T GCRV, 2% 1 3 40 L (9 B 5 & BB ./
GCRV-11 1) 57 i Bt 4at5 ) VPS6EE H, TR
Jy 56 ku, J& GCRV-I/IFA MLF4eEH, v EE
FE GCRV JE e b 2 v & #2266 B 1 32 40 i 2 1 79
TER, FEmeE AR TS B R 2R A,

P ) (ER) 2 7 572 it P9 25 1 SRR I 4
AR T 2 I P S B AR S R A AR
N MR A — B BIREIR, g o AR 3T & s 1R
Pr&mE A STER TN A B, BIE
T N IR A, R AR R & B RN (UPR),
5 78 WEE 1 5 11 78(GRP78) S — i H 5 P 5 M Ay
SRR, FERRMRECIRAS T, UPR VT
AR I 2] 40 A% ) GO 5 5% 5, GRP78 3Rk
st M BECIRES T, GRPI8 5 ARTEE
H454, S PERK-elF2a & 45 . IRE1a-XBPI1
WATNE AL R T 6 (ATF6) 3 A% 1) PN ot ) 45 fi
AL TR, 3 AN AR g o 3 IR R 5 SR
AR5 VO 1) P BT I i AR SN R EL S
WM RS SPUm B RON , SRIMAEf S, ¥
T PN J5 XU AH 2 BB 5 S B AT G 388 R A R U7,

GCRV 5 41l g & 1 £ 11 09 AH BAE F H A 40
KAV SR, RS SR NG S
SHPERZE . N TS GCRV EGEHLH], Wb
A I 2 A R B R B, R A
MR PE co-IP. 2K FI BT IR FF 45 & 55 55 (GST pull
down) 455 W AH €4 335 - £ K BT 5 % (LC-MS/MS) %
E, KM GCRV-II 1Y VP56 1 it 5 GRP78 HAE!"™,
AT A i 2 B0 [ S ) co-TP FIArF9¢ 6 H.
YEFARIESZ T VP56 5 GRP78 HAE, @it &S
BE LI VP56 i Py i WA & A el A, 30 P i
W, Ot ATF6 A3 M5 5l s AR &
EERN . S2H9T GCRV W5 515 £ & B HH
HAE RN, HWFFE GCRV R EURHLE L T
BB, A BT R AU T R R R
i A I B

1 MESTHE

1.1 RREFNiRES

S5 36 Y 240 M 2R 4 R AL &R (C. idella
kidney cells, CIK cells), W [E #7515 55 4 L4 5L
Hul (CCTCC), SRS MY R FRIFRAT 5

https://www.china-fishery.cn

B Sk 20 il 2R (fathead minnow , FHM) £ 47 T A< 51
I9% . CIK F1 FHM 4 I8 & 73 5| 15 7% T DMEM #iI
M199 15753 [ £15 10% FBS (Gibco, ZE[H]). 100
U/L % % % (Sigma, £ [E). 100 ng/mL 8 & ],
28 °C Mkl (5%) ¥EFRAa R VP56 B 4%
FaE RIB M CIK 4 i R i F G418 ik . LI M
Jpi B B A& & GCRV-097 #% (GCRV-11), i EEH
e VI A A EE 7 0 e o A 2 =5 Y B =R 2P N
S AR E R

1.2 ikl

S2 G F) B pCMV-eGFP #5414 # 5 21 Jii ki
pCMV-VP56. pCMV-VP56-Flag & pCMV-GRP78-
HA %5 W Fo ot H Ak A& pMN155 Fl pMC156
P R R RR 2 e X DU SR A 5T T 42 S SRR 9 B B
BARA S 1 B 1,

1.3 HpmsER

PR R AP 0 4 ML A% 4G 2 10 om 48 H 35 52 10
(6x10°~8x10° AN/IIL) ™1, ¥53% 24 h, fH40LRILTY
SPGB A R SR 3, il 4% YL i 5f) FuGENE® 6
(Promega, 3 [H) #E1THE YL, BAEFRILE Y 4 pg
X R JBORE s B RE SR CO, BaFRAE T 5 5% . 48
h J5 WA AN ORI I A 64T — 255256
14 HREHITE

B MCE FHM 40 M, in A &KWk E RN 1
mmol/L /) PMSF 19 IP 24f# 2% i [20 mmol/L Tris
(pH 7.4), 150 mmol/L NaCl, 1% Triton X-100, 1
mmol/L EDTA, 1 mmol/L Na;VO,, 0.5 pug/mL %
HAKEE, 2.5 mmol/L £EBEMREN 1 1 mL T oK I 246
YA 30 min, ZYFSFHC S0 uL BVEW, A 20 L Y
5% SDS FAEZE vl , il 25 4 4 A 2 A W (WCL)
B, BATPEESINA 1 uL B IP H%—Fi, BT
FEIR 4 °CHE W E 7 o WL 40 pL/ASHE 1)
protein A+G M RERE , TEVEIF A IP FEM, 4
°CHERIMFE 6 ho B.OBULIE, i 1P 2L b
PR 3~4 KGN 2 x SDS-PAGE | #EZ% thitk &
K, SRPEENE (immunoblotting, IB) A5 TP 45 2R 5%,
B FE A IR T -80°C £ H
1.5 REEDIEE

U0 B B R S 0 S A T b S R R - 2R
P E e BE I L UK (SDS-PAGE), 2k T ;i 7
FENC L, F2% i) BSA HIARFEIREE A 2 h;
PAR SRR B 210 YW, 4°CIFE K &
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=1 BAMERSFKAEEE PCR (RT-qPCR) 3|1#5 8
Tab.1 The primers and their designated applications in vector construction and RT-qPCR
AL A i H GIEZ B FFH(5'-3")
genes application primers name primer sequences (5'-3")
VP56 pVP56-GFP VF339 TGAACCGTCAGATCGGGTACCTATGGCCACTCGTGACAGC
VR342 GGTGGATCCAAGCTTGGGCCCACGTACTTACAGCAAATTACCGTCC
pVP56-Flag VF339 TGAACCGTCAGATCGGGTACCTATGGCCACTCGTGACAGC
VR340 GGTGGATCCAAGCTTGGGCCCACCTTATCGTCGTCATCCTTGTAATCGTACTTACAGCAAA
TTACCGTCC
pMC156-VP56 VF583 GCATGGACGAGCTGTACAAGGGCGGCGGCGGCTCAGGCGGCGGCGGCTCAGGCGGCGGC
GGCTCAATGGCCACTCGTGACAGCC
VR584 CGCGGTACCGTCGACTGCAGTTACTTATCGTCGTCATCCTTGTAATCCTTACAGCAAATTA
CCGTCCAA
GRP78 pGRP78-HA GF510 TGAACCGTCAGATCGGGTACCATGCGTTTCCTTTGCCTATTTT
GR511 ATGGTGGCGACCGGTGGATCCACAGCGTAGTCTGGGACGTCGTATGGGTACAACTCGTCC
TTTTCGCCC
pGRP78-MN155 GF577 TAGGATCTCGAGCTCAAGCTTATGCGTTTCCTTTGCCTATTTT
GTACCGTCGACTGCAGAATTCACTGAGCCGCCGCCGCCTGAGCCGCCGCCGCCTGAGCCG
GR578 CCGCCGCCAGCGTAGTCTGGGACGTCGTATGGGTACAACTCGTCCTTTTCGCCC
EFla RT-qPCR EF125 CGCCAGTGTTGCCTTCGT
ER126 CGCTCAATCTTCCATCCCTT
GRP78 RT-qPCR GF81 TGGGACGACCTACTCCTGTGTT
GRS82 GCATCTCCAATGAGACGCTCT
ATF4 RT-qPCR AF83 GCTGACTCCATCCCACATCG
AR84 GCTTAGGTGAGGGTGCCGTAT
ATF6 RT-qPCR AF85 GCCGCACCTACAATGACTTCT
AR86 CGGCTGCCTTTGTTGTGATT
TRAF2 RT-qPCR TF87 CGAGAAGTGTTGTCCGTGTCC

TR88 CAGGCTTCGCAGGGTATGG

B 5 —Hixt B AP E A9 HRP ARICH — 90, FEWE
1 h; BN G TBST ¥ 3~5 %k, &k 10
min, F TMB (655 i (6, 3 W2 25 51

1.6 EFIZLIN4I E mNeptune BN 5 F RS
B4R S (BIFC)

J T mNeptune ) BiFC 2 4t n] fAL R I CIK
#fL VPS6 Fil GRP78 Z [A] A ELAEH . B4R
#. pGRP78-MN155 1 pMC156-VP56 43-5I|#E GRP78
1 C AR ¥t & mNeptune £ FH 19 N K % (mNeptune
amino acid 1-155, MN155), 7E VP56 [ N 7 i £,
% mNeptune & F ) C K ¥ (mNeptune amino acid
156-244, MC156), A ¥ifi 4 i [X. 22 [19] 43 1) 368 ok 422 =k
J¥ % GGGGSGGGGS i# #% . JFiki pGRP78-MN155
H1 pMC156-VP56 43l sl e [ % YL A CIK i ffd
K% I 10 FH PO 3 5 £ 0 A5 W48 mNeptune 25
/K. ARt ER 2 MEATESHME L
FHEAEH, {ff mNeptune &1 2 MR LA,
{8 mNeptune F HEWUE G &G, LU S GRRI
P BR 640/20 nm (FUAOG) Fl 685/40 nm (K516,

17 HAHREEMEUE

B i F IR AN BiFC AR ) CIK 41 g 270 =
IR SR, T CO, Ki R 5 5% 48 ho 4

R E K7 2: 2 E /) sponsored by China Society of Fisheries

ZWERR AN ZE TR W (PBS) W UE 3 ¥k, fdiFH 600 pL
B EEC Y 4% 192 R RS S 40, =R
i E 10 min, [ /5 RO 4H ML PBS W ¥E 3 I, N
A DAPI JL W0 CFE 3~5 min, JHETEE PBS /N0y
VRGN 3 WG TE OG5 £ 1 7U5E (SPS, Leica)
BRUE SIEEp

1.8 BT FERMIE (TEM) W&

o FE N A A AL AR 2 6 FL AR L3S R AR
48 h J5 FH PBS Uk 3 Wk, WRERI AL, WodEdni, H
1 mL HL 55 [ E I (2.5% I ) R % R B An i,
FIRACE 48 h, BL.OFF LIEW, M1 mL K E E
W ORREWCECAN AR . 15 J5 1 40 B 5 1) J ol
5 7 B s (Hitachi, HAS) WS IR

1.9 RT-qPCR

W AR % VP56 BUS #nY CIK 4 AE i, ARAE
NCBI GenBank % [5 J¥ %1, {#i F§ Primer Premier 5
BRI ERTIY (R 1), Ll EFlafEh NS N
# 47 RT-qPCR. W AR & A 15 pL: 7.5 pL 2%
SYBR Green BioEasy MasterMix, 2ulLcDNA, 5.1uL
KK, LTS 02 ul; VT
95 °C WAL 1| min; 94 °C 25k 155, 60 °C ik
15s, 72°C #Efi120's, k40 MEIF,
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1.10 BUESHR

JH GraphPad Prism 8 % {1 XoF 55 46 %5 4l i 17 43
M. G APERL, RS REEE S w3 UL
My AR A N, ] Student’s ¢ K 50 53 At 5
BB 25 S R, R T AR AT, B
PSP EIEAREZE RS

2 4R

2.1 VP56 5 GRP78 E1E

i A 28 HIE 19 A 1) co-IP & B VP56 5
GRP78 KA MHEAEH . 1 Scil i GRP78 & &
) HA b, (AR S EBURIEST co-IP, Dlid 3
IRZS TR AN TgG R X IR, 485 5L 5 kg ml A6 0 2]
FHAE VP56 4571 (& 1-a), Ui VP56 Fl GRP78 &
HAHEAER . ik VP56 2 1 Rl & 1Y Flag Br %%,
P SRk 23 2 Bk FI 1gG X B8, {ii ] Flag 4% 5
PEPURIETT co-IP BYZE R B n Hh T GRP78 & H FH
PE 5 (18 1-b), 24> co-IP 45 4% B VP56 5
GRP78 Z[HfAAEAH EAE ] .

BiFC S0t — 2 KHE T VP56 fil GRP78 2 [H]
A EAEH . mNeptune 2 [ —Fr (0O LE A,
B H N i (MN155) Fil C 3 (MC156) 43 91 44 & T
GRP78 Fll VP56 & 143 F % C % fl N %o 7E 53 5]
3R IR HLs A& 25 1 Al mNeptune 25 55 — i
FEFOCIE R BB N A BB B A5,
Ay S EA T MN155 Fil MC156 ) GRP78 Fil VP56
FEAFARE, @O RAE M, i

1 2 3
[ T—— -
[——— s

GRP78-HA + + +
VP56-GFP - + +
vector + - -

(a)

1P ‘
IB

WCL ‘

2T bk B AT W2 31 mNeptune & H & H 216 75¢ %
(R T, S5 ER, VP56 Al GRP78 FEHEIAIG,
TEA NSS4, mNeptune 25 H 1 S 58T & H 21
e, FW VP56 il GRP78 HHH AR .

2.2 VP56 EHHREMESTL

GRP78 24 TN 418 . iR
T35 5T W AT AR A T 63K VP56 1 CIK 0T,
SR E FR A TR CIK ZH AR L, 20 8 P 5
W& TSR, B AR . kRN A A5 B
% (ERR ), Uil VP56 51 T MR MIEASMARL,
T P P 9

2.3 VP56 iB3T ATF6 35E P BRI Rz 8

SIRFE VP56 S 3 0T N 3T i AR AT & R
FRON B a4, FIHARSCHI 9 (G5 1), @i RT-
qPCR A P J53 ) iz 33 B AR & 8 RO 3 454
[ 3% 42 SC B 4> 7 1 mRNA 3k KF (B 2), 45
IR, VP56 WEHES arfo Fik, XFHA 2 &gtk
FHIY T I E T, FIH VPS6IIT P IR M 4,
W3 ATF6 {5 516 T8, AR & 8 H R

3 i

g A A T R R IR, A
DO R 2 Br i g%, i 7™ 5 Bl il 2 3 [ K
FRFE 7 PR B BRE T R A o R PP R K B
BE P AR REVEAR SR . ARG K A AR R
Fod . M RUAFIERGT o O T P AL

1 2 3
| -GRP78
L__aww __RLE

1B
I -GRP7S
WCL

I - 56

VP56-Flag + + +

GRP78-HA - + +

vector + - -

(b)

1 co-IP %1 VP56 5 GRP78 E1{E

(a) FHM 411 g 3L 5% 4« VP56-GFP/45 3 i #i 71 GRP78-HA, 48 h J5f# Fl HA FrZHi RS/ R 1gG (i fR) #E4T co-1P, #RJG 13 FH AR LB /R#E4T 1B
Y5 5E, (b) FHM 4l 3L 4% Y« GRP78-HA/ZE K JFi R 1 VP56-Flag, 48 h J5 18 H Flag brZ& ik s/ B 1gG (0 i) HEAT co-IP, AR J5 A F AR R 44
HEATIB %5 1.1P: HA, 2.1P:1gG, 3.IP:HA, vector. pCMV-GFP,

Fig.1 Interaction between VP56 and GRP78 by co-IP

(a) FHM cells were co-transfected with VP56-GFP/vector and GRP78-HA for 48 h, co-IP was performed with anti-HA monoclonal Ab and mouse IgG
(control), and IB with the respective Abs, (b) FHM cells were co-transfected with GRP78-HA/vector and VP56-Flag for 48 h. co-IP was performed with
anti-Flag monoclonal Ab and mouse IgG (control) and IB with the respective Abs; 1. IP: HA, 2. IP: IgG, 3. IP: HA, vector. pPCMV-GFP.

https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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mNeptune nucleus Merge

pMN155 pGRP78-MN155
pMC156-VP56 pMC156

pGRP78-MN155
pMC156-VP56

ElRE I BiFC & VP56 5 GRP78 E{E
CIK 2 it 3t % Y ml Al 4 Yt pGRP78-MN155 Fll/Bk pMC156-VP56 J5i ki 48 h, DAPI %A%, M4l BiFC R4, {0 B A= B e W g2 .
A L OFORREA BRI,
Plate | Interaction between VP56 and GRP78 detected by BiFC
pGRP78-MN155 and pMC156-VP56 were transfected alone or co-transfected into CIK cells under normal conditions; in the BiFC system, the nucleus

was stained with DAPI, and the images were acquired using confocal microscopy under a 40 x objective lens; appearance of red fluorescence represents

positive interaction.

B 11 VP56 dRIAZMARMAESENL
1L X[, 2. VPS6, N.#HJEiZ, E. WM (H @i k).
Plate Il Effect of VP56 overexpression on ER morphology

1. control, 2. VP56, N. nucleus, E. endoplasmic reticulum (white arrows indicate).

Mo IR K, W TR H R T ORE, AILE W REEARIIBERFPISE. GCRV HE MK 3 4
i ERA MR, A M TR P S, XFF GRCV-IWFFE BN TRA, TR
B, FER NP & GCRV ERALHIB S, A7 2 N GCRV-IT Y F S B2 > o A S 3 A

R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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6 -
sk
> [ICIK-vector
. B EECIK-VP56
® 27 4|
S A
HE5
S«
=28 7]
-
(sl Eul EEl NN
0 L L L L
1 2 3 4
BEA
genes

2 VP56 BT ATF6 55 UPR
1.grp78, 2.atfd, 3.atf6, 4. traf2; *. P<0.05,** P<0.01; ¥3
FILIKTP-LL EF o B RIRIE K bR, DAWIRZAN 1.
Fig.2 VP56 activates UPR through ATF6
1. grp78, 2. atfd, 3. atf6, 4. traf2; *. P<0.05, **. P<0.01; the relative

transcription levels were normalized to the transcription level of EFla
gene and are represented as fold induction relative to the transcription

level in control cells, which was set to 1.

GCRV-II £F 4 1 VP56 515 A BEAF &
T, &I VP56 5N B MARiRHE H GRP78 H.1E,
PO DY T D 3

o YL R R, e RO A R AE ]
FOMk . MR . AL BRI 0 AR DL
HA ARG T R A% 2 R AR G P A il A i A
5 EANM, 1 GCRV #E AN A 484 ] g 5 M
BEASEEANSHNFERA LD, Ry
Wi L Zh 2 %) 1 I g I 2 AR D e S 0 T Y
JAMA Rk, B EME N ol SHEE, Wi
HEA A, KA IR R, CAZ R
A Al HE 5% B R BAE A 4> F, 40 Fibulin-4,
Ubc9, LITAF. LamR Fl TIA1 224 41 4 [] U5
LEXF 4081, VPS6 5 1E I iz I 5 14 26 B &5 11 o1
[FIIRPEAR R, A AT BRAT ARG D e . 7 GCRV
YL TE FA R, T GCRYV s 3 JURL 3R 1
LT YEEE 11 VP56 R IT € 5 11 40 m,
HE T 58 W Je 230E A 20 M 0 A 3 AR

FIFH co-IP Il BiFC SZHHIFSE T VP56 5 GRP78
Z A EAE N . i HME G5 H e F BAR
T4k co-IP, MRAEHUIFE-HUARSS G R, JF B4l
A2 3 TR HEOR e 2 R AR PR B, i H
GTE 2N EASF LR FEAR SR AT co-IP,
A FE R A VP56 FIl GRPT8 FY HAE 45 H Y
Ty, [R5 43 TR AR R 3T
T 21 #2145, mNeptune 25 FH Y X4 T 96 6 B AN R
Gl AT POE IR A OEE L UL M O 5 )

https://www.china-fishery.cn

VP56 F GRP78 & [11 57 ¥ 78 CIK 4l ffl th i 45 5,
HE—2LUESE T AN 4 TR A B

AWF5E % VP56 5 GRP78 AHEAEH . 4341
il 3 4~ UPR 43 % B K48 50 F 5, VPS6 G T
ATF6 i 42 i i G % i [ ATF6, T BT 53
Hb 2443 S R OGS B Sk A ATF4 Rl TRAF2,
LT VP56 5 GRP78 45 & fik & ATF6 &2, R
VP56 518 19 P B B EF1 UPR, 3R B GCRV- I
L A M N RS BEIR . VPS6 BRI AR
51 ER B AT UPR KA, X N 5T W A4 T 2 o
BRI, #mHIhEE, GCRV Wlifs Eaf,
Wt E MRS, BTN S 5 N B
JR, VP56 Xt Py 5t I i) 51495 A Al T GCRV 9 5
ki

zg LR, AP co-IP il BiFC SLHIE
ST GCRV- I £F 4k FH VP56 Al 5 4 1 115
GRP78 WUAHEAE T, #E 1M & B VP56 A] 5| 2 P it
WA AR L, PG S R B, 155 ATF6 4
SHAET B EA RN, FIREMH, GCRV YL
R, VP56 R TR, FTREANMIERAS . A
WF5E N B 5 1 B A T AR A E R T VPS6
7E GCRV Bt B ThfE, “ GCRV RG]
RIS AT L

(e F AR LTSS A WA i &)
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Grass carp reovirus (GCRYV) fibrin VP56 interacts with grass carp
(Ctenopharyngodon idella) GRP78 for inducting endoplasmic reticulum stress

SU Hang '?,  SU Jianguo "**

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China,
2. Laboratory for Marine Biology and Biotechnology,
Pilot National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract: Grass carp (Ctenopharyngodon idella) is one of the most important aquaculture fish species in China. C.
idella hemorrhagic disease caused by grass carp reovirus (GCRV) results in severe outbreaks annually. It causes
great losses to aquaculture industry and a threat to food safety. GCRYV is the most virulent in aquareovirus. VP56 is
a fibrin which is specific to type II/IIL. It attaches the surface of host cells during GCRV infection. In order to cla-
rify the infection mechanism of GCRYV, this study delved into the interaction between VP56 and host cell proteins.
First, co-immunoprecipitation (co-IP) was performed. The specific antibodies to different tags respectively fused
on the two molecules were used. Empty vectors and negative immunoglobulin G were used as control. It was
found that VP56 interacts with the molecular chaperone protein glucose regulated protein 78 ku (GRP78) located
in the endoplasmic reticulum. Then, the interaction between VP56 and GRP78 was verified by the bimolecular
fluorescence complementation (BiFC) based on the far-red fluorescent protein mNeptune. According to the BiFC
results, red fluorescence of mNeptune was observed in CIK cells transfected with both VP56 and GRP78 respect-
ively linked with each terminal of the mNeptune protein, showing that these two fusion proteins presented closely
and sent out red fluorescence signal. In VP56 stably expressed C. idella kidney (CIK) cells, the endoplasmic retic-
ulum morphology underwent tremendous changes, compared with empty vector stably expressed CIK cells result-
ing in swelling, expansion, and degranulation, indicating that VP56 activates endoplasmic reticulum stress. mRNA
levels of transcription factors downstream of endoplasmic reticulum stress were detected, which revealed that
VP56 activates the signal transduction pathway regulated by activating transcription factor 6 (ATF6) and triggers
the unfolded protein response. The above results indicate that during GCRV-II infection, cell homeostasis is des-
troyed, and endoplasmic reticulum stress is activated. This study provides new ideas for the study of GCRV infec-
tion mechanism and anti-GCRV research, reveals a new virus escape strategy, provides in-depth antiviral research
in C. idella, and contributes to the prevention and control of C. idella hemorrhagic disease in the freshwater
aquaculture industry.
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