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#ZE: Rhbdd3 (Rhomboid domain-containing protein 3)%E [A7EMFLah¥) KR ey b A #8 T EEAEH, (HKAEmh8
rhbdd3 FE 5 7751 & Rhbdd3 & H AT REL & WARIE . ARS8 Cyprinus carpio)l) Rhbdd3 2 78 fa 2 4l
MRy i, RS FRas a0 2 IR AR IR, AR s T PCR 934455 T 88 rhbdd3 FEH RIS F 51, IFH
H YR pCl-neo #HiK b, WH T HBFRIKTRL pCl-rhbdd3 ., pCl-rhbdd3 W Y#} b &2 4 i EPC (epithelioma
papulosum cyprinid)Fl#4:4E IR 40 fi CHSE-214 (chinook salmon embryo))& F1| F il £ 00 45 5 M Hi & 3£ 47 Western blot,
Kl Rhbdd3 25 R RBAE O, IFHRIF CCK-8 3 A I L iob 2 56 6T 200 M 1 5 ) S ) o 2 Y% I 0 ol 0 4 7 B8 5 4 1L
SE I FE(SVCV) FIE Ju PE B AR R P95 3 (IPN V) I B SE 55, JF R R RIZ S B2 9 . Western blot Al RT-qPCR J7 k%
] Rhbdd3 55X SVCV Fl IPNV EFERIRE NN . 45 R WK, pCl-rhbdd3 %4 J5 Rhbdd3 £ 17E EPC 1 CHSE-214
YR AR 3] T Rk, H Rhbdd3 85 1 3 3RIA AR WA H SVCV R IPNV 1Y 52l (HAS 5 i 75 Ao 48 L 174 1 86 3952k o

AWETE R IS RGN T2 BT AP it TR A SRR AR, o 0 BT BE BT A A Y B BOE T E R,

KR B Rhbdd3 & H; SRR MR RE; &R RIRIA LN 5 B 7

FESES: S941 CHERARERD: A

P Bt K™ FRBE L RN T R T, Tk AE
s TE VRPN 1Y A0 AT AR R 2 L Ry T E
UKL SRR BR TAT KR, L ek,
L8 A e T /K A Bl ) e kg 3% sk A EE ) o
Gh, KAZYIIR R AR, FET RS, KEZK
AR S X2, — B R RIRMER
m, REERNAETHL, E 25 b E K
FrRFE MV fi e AN AT R A B Rk, TR iR
IR FATE 7/ B = I X TR TS TN = S s
52 A {E

K IR Ho g S MUK AR BTG 542 28 19 26 — 1B By
£k, FoHrsE KB, Rhomboid ZKIEM 1 Rhbdd3
(Rhomboid domain-containing protein 3)7E N FL 3l
Wy RAR o vh 45 1 AR T . Rhomboid 1 f
ST b R, AT B A R 1 S D
HETIFIIRARYE, Bt g 14 fEAET

Yris HEA: 2019-06-02; 1&iT BEA: 2019-07-17.

XEHS: 1005-8737-(2020)02-0137-10

Rhomboid ZZ %, Her 5 Ff HA 2 1R 14, 9 il
RETHEAMEEY BRI, /MR Rhbdd3
FEGTAMEN, ARG EABTE. Poly
(LO)Ab PR 4% S /Nl NK 42 Rhbdd3 (1) |14,
Rhbdd3 #1153 A] LA 15 NK 4 Rk 50k 240 i i)
TEPERT ORI, H R A SO b i JE 62 rhbdd3
FF M E T, 625 Rhbdd3 2K 1 A D) REL 1
RILARIA

5 BF L7 7% (spring viraemia of carp virus,
SVCV) 5 iR SRt 28 abE . 2 AP i —
L F R 57 IMLAE (spring viraemia of carp, SVC)J A &,
HSR & T 90 9% 5 B (Rhabdoviridae) Sprivivirus
TTEIE, HEA BB EE RNA, SVC W T/
K 10~17 CHEGAT, P L Yett, Ryt
FET-H L 90%, F @ faF il k=0, 0.
#(Cyprinus carpio Kio). H.fi(Ctenopharyngodon

HEWMB: HFRHRBAESTH (31602196); TR 244 TS BT H (P AR FE[201415 7-3-5 5); LT AT T

AA T H (SYXF011719).
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idellus) . # (Carassius auratus) M H: 75 Fh | fif
(Hypophthalmichthys molitrix) . 1§ (Aristichthys
nobilis)% Z BRI RE ML . KAk, R
Bl 25 40 K BH 4. (Lepomis gibbosus) . 1 i (Esox
lucius) . faE\(Argulus foliaceus). 7KW& (Piscicola
geometra) . WEWR(Cynops orientalis)F: 2 MRS AR
BB o f0 AR 1 O S P i e, Mk %
BMRERZE, JLITLLR, PP Zeg, B RET
AL, 2002 4F 4 A, SEIEAER B Sk ghJH A g
BB o ml 5 T SVC P, B B i B
AR TN FE L 1998 AR B A P E
HEE R PRI SVCV LUR, ZAETY
£ svey it IR B0, SVC Hi
S DAL OIE F1 b o Hie e, I T
2008 AEHLARMFRF Ay v Ae N B L [ iE 58 3h )
—RAB YT, WL A ME—— DRI R —
e ) AL Yeii . SR, HETERXT SVC i oA &K
%) 5 42 i 15 i R R S PR IR YT 20, PR E
TR M2 #E AT SVCV 1y, KRk Of k1T
B 8 AR A o

% Yy Pk R AR 3K BB 9% B (infectious pancreatic
necrosis virus, IPNV) A &8l (Salmonidae) 25
JE A% Gl P 95 9 —— A% G 1 JBE Bt 1 FE 5 (infectious
pancreatic necrosis, IPN)[JJ )i, IPNV 3 JE TR
RNA J5 88 Birnaviridae), RH4 53R A, B A~
B, KA R BE RNA WK B8 & (Aquabirnavirus)
AR R IPNV AR AEiAT, B
FET- I 90% i iR ok 8, IR K, Bk
T 4 i, 204090 F Al UL R 21 413K 58 TPN
AR 10~15 CHPRAT, AMIaSEAF i IPNV
i, JF T LLE S IR . e P, KSR
Fre iz, IPN e Rge L EALH & B, bR
TERRI . H AR 24 Z b IX AT, 31 20 i
20 80 AR AP U, HR A AR e R [ AR
Ak b X AT 68 (Oncorhynchus mikiss) VL S VG ¥ fif:
(Salmo salar)WFRFH Y, HimSeipEok 2B &
Pz B S K R SRR A T R4
PR,

R RIRIE R G R EAFEY BB . R
BN KA edn i s, Horb E i, b

PERLZNM . 20 0 B 1 A0 M S A £ S R AR A bl
FOCHHER] . SWFLsARLL, MmERAR R
AHCMAMEEA, HREH T —E MR,
B4 TNF-o, IL-1p . IL-18 ZE 40 X 7, C1q/MBL .
C1r/C1s/MASP Z5EZ G AMA, Toll FEZIA, J8 K55
#1555 T 7L 3l W Hh AR L 43 5 1 DI RE SO A5 Sl
A — PO BT R, B SR A KR g
REAS 4 /o f1 S X I A 22 A IR BT . 12, Yazawa
2 U5 B0 2 v T G R TR 1) B 5 £ i A A1 40 7
JEYY; Dalmo ™Mt 18 2 85 17 181 1) K AR oy ] DL 4
e HOBE R, R IS A0 £a 4K 77 B Robertsen! i,
I $ SR PR I 1 IR S T LA v AL G bk
& Il #% B YK FE 9% 7 7 (infectious hematopoietic
necrosis virus, IHNV)Z595 7% 19 HEPTE:

IR Rhbdd3 3 F 767K A= Sh P 2m i Hh i D RE,
W58 OO 0 205 FE YL 52 e, AR SE A A T
Rhbdd3 FRZRIBEM I Ui I B4 EPC
(epithelioma papulosum cyprinid) £ #: 5 I 41 fitg
CHSE-214 (chinook salmon embryo), il ik ik
XF SVCV K IPNV 451 (1 50 . 45 5 i 7%, Rhbdd3
AE 25 0 ) P R S B, [ RS S W A T A Y
EEWETE, BATISPUREERE . A
FR TR AT SR TR R A, S sk
PURTEFT A R B R A T R RS, W
MM Rhbdd3 B S RES I TR EIE 2%

1 MRS

1.1 FEiRH

M199, DMEM, Opti-MEM }:i3E3E . 0.25%
R I . B4 M5 (FBS) . 5 R /558 R IA K
T4 H GIBCO A +]; RNA iU & H Qiagen
N H]; RevertAid First Strand ¢cDNA Synthesis Kit
S 56357 £ | Thermo /A F); LA Tag i . DNA
53 H marker. pMDI8-T #{K . Nhe 1. EcoR 1
A BamH 1 FRAI¥E N UIEE . T4 DNA % £/ . DHSa
J BL21 (DE3) pLysS KIHF sz S 41 s .SYBR
Premix Ex Taq ¢ Jt: %€ 7 PCR i{5f|llJ H TaKaRa 2\
F); pCl-neo Jiiki ¥ H Promega /A Fl; pRSET-A Jit
#7. ProBond Purification System His Fr% 2 40
PG & . PCR B IRISeisn] & o ok B2 Gt &
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fig i f& Lipofectamine 2000 . il 4t H 7 F &
marker . RIPA Zfi# % . Alexa Fluord88 K Alexa
Fluor594 #ric B E$i % 1gG W H Invitrogen 2\ Fl;
A MU A% YL DAPI (4, 6-diamidino-2-phenylindole)
4 | Roche 2\ #]; HSP9O & HNSHiIAN [ CST
o dl s BROAR i A ) B (HRP) bR 30 19 5 BT
IgG(H+L)I4J H Jackson ImmunoResearch /A F]; 4
i 2 B /R PEAS K 7). CCK-8 1 A Dojindo 23 #l;
ECL fb2f & ekl i i B AR AR )
HRRAF,
1.2 HiEfmS

fi} 1 5 988 40 L 2R EPC ik 4 iR 40 i R CHSE-
214 W [ E R KRR E RS BE . EPC 41 A
% 10% FBS. 100 U/mL 7 % & A1 100 ng/mL HE 8
EHY M199 i FR 3T 25 “CRi9%; CHSE-214 41 fifs
FH4 10% FBS. 100 U/mL 7 % % F1 100 pg/mL 5%
% % 1 DMEM ¥;i3R T 20 CHigt. SVCV
SH150514 ¥k A 525 73 85 FIf£ 7712, IPNV Hecht
(He)¥kI T ATCC (VR-1320), W5 EEI4 R 50%
ZH R B SR YL B (TCIDso) 52, IR JH Reed-
Miiench ¥ #7181,
1.3 8 rhbdd3 E & cDNA HI¥ 18

P I RNA $REGRA & 1368 1542 8 EPC 41y
RNA, Jf# LU TR RiHETT cDNA &R 1 pg B
RNA, 1 uL LSRRG, #h5ETC RNA ffK 2

BAAFR 12 pL; T 65 CJB 5 min, 2 HIE Tk
I, RJEMA 4 uL 5xReaction Buffer, 1 pL Ri-
boLock RNase Inhibitor, 2 pL 10 mmol/L dNTP
Mix I 1 pL RevertAid M-MuLV RT, 25 °CJZ )i
5min, ZJ5 42 C{RiE 2 h #15 cDNA,

FIF Primer Express 5.0 Fll BioEdit 7.0 {4,
HRAE GenBank il bl 8 B H £ (Danio
rerio) . 44 (Sinocyclocheilus anshuiensis)Z Tl
W) rhbdd3 5K P RsF X514 pMD18-
rhbdd3-F/R(FE 1), PCR 3" H4#E rhbdd3 H:IX ¢cDNA.,
RWAKRZ AT - ddH,0 30.5 uL. 10xLA Buffer II
(Mg** plus) 5 uL. dNTP Mixture 8 pL. I Fii#5]
¥)(10 pmol/L)4% 2 nL. LA Tag B4 (5 U/ul)
0.5 pL Fl cDNA ##z 2 uL.PCR W 4544 H: 95 °C
WAEPE S min; 95 CAEM: 30 s, 52 ‘CiBk 30 s,
72 CHEH 2 min, H£ 35 MEH; 72 CLEH 10 min;
4 CHAE. I3 R Bt 1% IEp e s bk, DI
afi Ak U 32 2 pMDIS-T #AK | &35 7= 5%
fk DHSo KM FF R IR Z S 41, B PCR ik FH
PR FEREIF IR AR TAEY) TR (i) IR A PR m) it
TR PN AE
1.4 pCl-rhbdd3 E#Z Rz HEWHE

Beit rhbdd3 FPH ORF X [ 1E 1] 51 9 Fl I [#)
514 pCl-rhbdd3-F/R(F 1), 343535 A Nhe 1 Fl
EcoR 1BV 5, L EPC 40l cDNA MR HEFT

®1 AWMRAASY
Tab.1 Details of the primers used in this study

51 ¥4 %K primer

J¥%1(5'-3") sequence (5'-3")

FFUIA; 25 restriction site

pMD18-rhbdd3-F
pMD18-rhbdd3-R
pCl-rhbdd3-F
pCl-rhbdd3-R
pRSET-rhbdd3-F
pRSET-rhbdd3-R

ACCTCAATATGACAGCGTCGTAAAC
TATCCCTGAGCTATGACGCTGA
TTAGCTAGCCACCATGCTCGATCATCTTTTTTCAGCAT Nhe 1
CGGAATTCCTATGACGCTGATGGCTTCTTCC
ATTGGATCCATGCTCGATCATCTTTTTTCAGCAT
TTGGAATTCCTATGACGCTGATGGCTTCTT

EcoR 1
BamH 1
EcoR 1

Q-rhbdd3-F CATCCATACCTGCCAGTTTACCAC
Q-rhbdd3-R CAAAGGCTCCTGATGCCACTC
Q-actin-F TATCCACGAGACCACCTACA
Q-actin-R ATCCAGACGGAGTATTTACG
Q-SVCV-F1 ATCAGGCCGATTATCCTTCCA
Q-SVCV-RI AGATAAGCATTCACATGCTGTAT
Q-IPNV-F1 CGACCGACATGAACAAAATCA

Q-IPNV-R1

AGTTGCAGCTGTATTCGCACA
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PCR ¥34, ¥ 34 R BeUIRE IR 43 3P IRl iy e
Bl pCl-neo #AK ] Nhe 1 Fl EcoR T BRI
fitg 37 CHEY) 3 h, BV Balifblli, £ T4
DNA EZEHEH T T 16 CiEfaidni, ALEH]
FHTR T PCR RIS U) 45 2 0 6 BH PR s e, Ik AT
XL [a] 7510300 5 36 30F

1.5 Rhbdd3 EA S EERENH &

#3151 % pRSET-rhbdd3-F/IR(F 1), ¥ 14
rhbdd3 #H ORF X &K JFK H efE 2 pRSET-A
Ak, FALE PR e BEUEST PCR A 5 A 3 %
TE o BEBUTORIFE 1 BL21 (DE3) pLysS /832 25 4 i,
PRECA TR VRS T PCR 255 . PHIEFCRET 37 CH
1 mmol/L IPTG #1715 F3KiE, IWHGAERE Sh i
PR AT M, R B0 S AT SDS-
PAGE HL3k 434, F1H ProBond Purification System
FEAafbi R Gt fraitk. difb/EmMER 4 ki
PEFVE 2% SRR S e B BT i (g R E
YR A RA R, Py — il Protein A
Fealifk, A ELISA J7 i@ Haifh o
1.6 ZHREEEL

FEYLET 1 RARANML T 24 FLANRIEE SR, o
2 A0 M35 B 3R B 70%~80% I i Y, ik Y 4
# 0.8 pg FkiiA T 50 uL Opti-MEM 555 5L rh; H
# 2 pL Lipofectamine 2000 % F 50 uL Opti-MEM
Brgpdeeh, RA), REACE S min; SRIEHHETR
4, FIRACE 20 min; WIEPKEHOA Opti-MEM
WK, KREYIMAST R L, BRIRA, 1
7% 6 h J5# & 10% FBS RUSE ki3t Y s
24 h, WokgMEIE A 2SOt E B PCR (RT-qPCR,
19 W 1)F1 western blot K rhbdd3 Fe[H 1) 52
KIKSE, AN, #EYeE 24 h FHCILTE M199 8§
DMEM %57 FE U 4 M P 543 7 LA MOI=1 47
SVCV Lk MOI=0.5 #F IPNV, 20 CifE 1 h
Ja, W2 B3, Hli 2% FBS AR 55 555
1.7 ZHAEE M T

F) P 20 M B4 /5 P CCR-8 A6 1 328 5] 6 )
Rhbdd3 i 356 0 MG PE R 2 e, 5 L /i — K,
BT 96 FLANRRIE AR T, 55 2 KA 40 R
IKF 70%~90% I 7 38 J7 125 % e H 2H K3k ok
pCl-rhbdd3 FZ3 44 pCl-neo, 75T H4YL)5 12 h,

36 h F1 72 h AL IA 10 uL B CCK-8 7,
#3EF 1 h J5M ] BioTek Synergy2 EFFR{LM E
450 nm A PWERE, B4 3 ANESL, EE 3K,
1.8  ZEN R4 #7 (western blot)

4 PBS BEMIIR, K 3 min, filA RIPA
ZUEW, VK F95E 10 min, 4 °C .12000 g 25.0> 5 min,
BRI MA SxEH EHEZpRIRS], 95 Cnk
5 min, #FfT SDS-PAGE il i, PVDF JEH 5%
PBST-4 I3 F & FH(BSA) 37 CHM] 2 h; B4
MW, A1 : 800 FifEm—dt, 37 CHEH 2 h;
PBST ¥ 3 ¥k, K 10 min, ZR/5/0A 1 : 10000
M B HRP bric i)t IgG(H+L) P, 37 C
BEE 1 h; A3 40, PBST ¥k 3 K, %K 10 min,
)5 #-17 ECL b2 k.

1.9 [E#EHIE I (immunofluorescence micros-
copy, IF)

PBS VEAMMIME IR, 24 FLAHMEAR P aEFLINA
300 pL 4% 2 R HEE, =R E 30 min; W25
FEW, PBS UE 3 ¥k, BEFLINA 300 pL 1% 0.2% Triton
X-100 {4 PBS i#i% 15 min; W55, PBS 1 3
K, MA 4% BSA EH W, 37 CEH M 2 hy WEH
P, IIALMRFRLL 1 : 800 F Bl —Hi(AS S50
R IIRBT SVCV M 2 P dt IPNV VP2
EAPUE, VP2 EAPURNEHIEE RS 1.5 T
WRAHTE], PrAREEEZ 0T T western blot A1 IF [ 56
WE, 255 1 FiR), 37 CHEE 2 hy WE—i,
PBS ¥t 3 ¥k, MALDMEFLL 1 : 2000 i BEmy ot
T, 37 CHEE 1 hy WAk T4, PBS UE3 WK, N
A1 : 2000 Bl DAPL, 2R 44 10 min, PBS
Uk 3 WRsfLInA 500 uL PBS, & T Olympus-
IX73 26 s T WELIfH cellSens Stan-
dard v2.0.6 {4411 1R
1.10 RT-qPCR

UL 24 h, BRI pCl-rhbdd3 % Y5256
ZH 1 pCl-neo YL X} HRZ1 A EPC Al CHSE-214 4
Mo; JE&YYJS 12 h, 24 h, 36 h, WCHCSE 520 A IR
41 SVCV BYL ) EPC 4 fif; JERYL IS 18 h I SE 5
AT IR IPNV JERYL ) CHSE-214 4ifig; H
RNA G &R RNA, R FiAH &
1T cDNA & 1%, 3 FH SYBR Green RT-qPCR
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kD M 1

130—
05 ——
72 — -
55— P <— VP2
43 — S
34—
26— bt
a Y

Mock

+IPNV

K1 IPNV VP2 & U AR 5 e e
a. VP2 S HERIE . 4ifb)5 ) SDS-PAGE MUK E; M: Tl F marker; 10 JFAZRIK | 4ifL)R 19 VP2 3 H. b. VP2 ALK
1) western blot %4E; M: HiYt# 1 marker; Mock: 1% CHSE-214 4l 8 Z4f#i; +IPNV: IPNV UL CHSE-214 41 24/ . c. VP2
B AP I POE S 5 Mock: TEH CHSE-214 41l +IPNV: IPNV B ULy CHSE-214 4I; W (AR, 216k bl B 40 i
Fig. 1 Identification of the specificity of the polyclonal antibody against IPNV VP2 protein
a. SDS-PAGE analysis of the prokaryotic expressed VP2; M: pre-stained standard protein marker; 1: purified VP2 protein. b. Western
blot analysis of the specificity of the VP2 polyclonal antibody; M: pre-stained standard protein marker; Mock: CHSE-214 cell lysate;

+IPNV: IPNV infected CHSE-214 cell lysate. c. IF analysis of the specificity of the VP2 polyclonal antibody; Mock: CHSE-214 cells;
+IPNV: IPNV infected CHSE-214 cells. Nuclei were stained with DAPI (blue). Infected cells were stained to red.

ITEEIAT rhbdd3 FEH mRNA AXF 2k K g
T3 DL B 2 o] s B E (B AR P R
K ZUWTF: 10 pL 2xSYBR Premix Ex Taq, V&
10 pmol/L iEMmIGIH) . K 5#4 0.4 pL, 0.4 uL
ROX reference dye [l FIFFIIAFE L cDNA 2 uL, %b
FEXGEIKE 20 puL, BT 7500Fast 766 5E & PCR
AT RO, RONEARIER 95 C 30, ZJ595 C
3s. 60 C 30s 40 MEH; 4ig)E, SLEVHTIE
fieth 2o, JFHEY 1 T ld; 7306 xF
HEZH Y SVCV &Y EPC 4/ 12 h N B 5 D
B, IPNV JEs CHSE-214 Zii}ifJ5 18 h VP3 JE[H
5 DU 0 1 AT 88150 -

2 HRE5HH

2.1 8 rhbdd3 ERE ¢cDNA HRELER

BT, 2 AR B8 1250 rhbdd3
FE R Ty 3, 1 G SR P A . AR AT R
FHA G B2E8E, ARG GenBank %4 4 b |
B BE A S LR AEYIRN SN0 rhbdd3 LR Y
HRSE X T rhbdd3 3R 31514  RT-PCR
PIG)E, YA IR Rk e, 45 R R
PHIH T 29 1200 bp MRS A BL(E 2). ¥ HM
5 M 24k )T L 2 pMD18-T #44K, ®iilk PCR
e BHE Ta R, XU J T GenBank £45 8 ik
17 blast 3, 25 R Bonix B @ il rhbdd3 HEH

M 1

bp

2000 —>

1000 ———> " - <——1200 bp
750 ——>L |
500 ——

250 — gk

100 —>F

{2 8 rhbdd3 S A BEH) PCR 4 4%
M: DL2000 DNA marker; 1: rhbdd3 3&H F Bt.

Fig. 2 PCR amplification of the rhbdd3 gene fragment
M: DL2000 DNA marker; 1: the rhbdd3 gene fragment.

2.2 E#FIEHME pCl-rhbdd3 Bt

¥ rhbdd3 3:[H ORF(open reading frame)[X i
P& % pCl-neo HAZFRIRZ M, T pCl-rhbdd3
AR, FHEAFCRIEAT Nhe 1 Fl EcoR T FR il 14
WO EE A V) S0, 455K 3 Pios, BERCH UK
JE A5 T RN 125 5460 bp F1 1050 bp B4
SHAHN, SEMRR BN #E—PNE
JECRE AT ] 0 P A6, 4t SR 2 I T R A E 4
JOAE 58] SSEAHE LE A TG iR o
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S < rhbdd3

K3 EA TR pCL-rhbdd3 HRUEGY) % 5
M: DL5000 DNA marker; 1: pCI-rhbdd3
1Y Nhe 1 Fl EcoR T X EFVIF=4).

Fig. 3 Identification of the recombinant plasmid
pCl-rhbdd3 by Nhe 1 and EcoR 1 double digestion
M: DL5000 DNA marker; 1: fragments of pCI-rhbdd3
digested by Nhe I and EcoR 1.

2.3 Rhbdd3 FHiZRIEH western blot £
H BT T4t %25 Rhbdd3 & AR RDIAL

a

Rhbdd3

Bk, 05T 8 %68 rhbdd3 3 H a2 R A%k
AR pRSET-A I, 4 | JFA% %Ik Uk, pRSET-
rhbdd3, AL 2= KIHFF# BL21(DE3)pLysS J&k57
ST IPTG 55835, Waifb/smEg]
Rhbdd3 & (A RBEHPE 2% %R, AT T &
Rhbdd3 & W Z e bEdiik . Prikny r 525
western blot SEATIIE, 45 R aNKl 4a Fias, 724
40 kD AbH BURESPE SRR, 0T rhbdd3 LR gt ER
A T8 39 kD, S R/N—2, 35T
il £ B Br AR BE AR S 1R 5] Rhbdd3 2. LA,
pCl-rhbdd3 ki Y CHSE-214 Fl EPC 40Jfl)5
24 h, FIH FiRPUIKSETT western blot /&l 45
B, PIRhANH TP AR BUROK 1 Rhbdd3 A
Fik, MBEH TR pCl-rhbdd3 Y¢S Rhbdd3 1
FIRIKOF B T, U BH B A R AR A5 7E LA A
Ji FR R A IE A Rk (A 4).

pClI-neo pCl-rhbdd3

kD Ay
- ‘Rh

00— M S— 115?90

b

Kl 4 Rhbdd3 #HZ SRS western blot K iiE
a. Rhbdd3 % [ £ vo lEH A4 S I0F; M: 2L [ marker; 1: pRSET-rhbdd3 BL21(DE3)pLysS 1% S F K EARITIE;
2: CHSE-214 4 B4 ; 3: pCl-rhbdd3 5% CHSE-214 4UZA#ME. b. 55 5% EPC 48+ Rhbdd3 & 11 western blot Al
Fig. 4 Western blot identification of the specificity of the polyclonal antibody against Rhbdd3
a. Identification of the polyclonal antibody against Rhbdd3; M: pre-stained standard protein marker; 1: Pellet of the

pRSET-rhbdd3 BL21(DE3)pLysS induced by IPTG for 5 h; 2: CHSE-214 cell lysate; 3: pCl-rhbdd3 transfected
CHSE-214 cell lysate. b. Verification of the overexpression of Rhbdd3 protein in transfected EPC cells.

2.4 Rhbdd3 T ik X 20 B it B9 22 0

W52 W], Rhbdd3 £ AT DA 4008 28
PP AT, HFSE Rhbdd3 5t 32 3k % 40 s
PERO W, &S5 LA B-actin BEPR RN S, A
RT-qPCR J5 %) pCl-rhbdd3 YRk 4T 1
o GERER, #EYLJS 24 h, EPC Hfirf rhbdd3
mRNA MXF RIR KP4 T 504 4%, 1 CHSE-214
Yifg S T 110 f5 . #E—2, FIH CCK-8 ik F
M5 T pCl-rhbdd3 % 4%t EPC fil CHSE-214 41l iy
TR BRI SR AN S R, SXTRRAM L, §

Yef5 12 h. 36 h 1 72 h Rhbdd3 193 #iE%7 EPC
F1 CHSE-214 4 i () 3% 135 J6 i & 52 .
2.5 Rhbdd3 EFRiEHEH SVCV RItE5E

i T WF5E Rhbdd3 X 8 2805 B R GL U 52 M), AR
WS Se I T Rhbdd3 o 6 ik X R) £ 24 o 2
iR SVCV il 52 o ) FH A 52 56 28 il 5 i
Xt SVCV M 2& A Bk P%} pCl-neo il pCl-
rhbdd3 %3¢ J5 SVCV Ji&YGe EPC YA T T e ¢
N, 45 R, Rhbdd3 i 383k 5 #iUsg 40 i
(G ) B 5 0 R A A B 8 350/ (K] 6a, 6b), iF
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201 EPC 25r CHSE-214
20+
1.5F
8 8 1-5 [~
a 1.0t a
© © 1of
053¢ -e- pCl-neo 0.5+ -o- pCl-neo
-m pCl-rhbdd3 - pCl-rhbdd3
0 1 1 1 0 1 1 1
12 36 72 12 36 72
YeRtiE]/h hours post transfection F:YetiE]/h hours post transfection

5 Rhbdd3 i 32ik%} EPC I CHSE-214 4l iif 4 52 w11 il 5
Fig. 5 Effect of the overexpression of Rhbdd3 on the viability of EPC and CHSE-214 cells
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Fig. 6 Rhbdd3 overexpression inhibited SVCV infection

a. I[F detection of SVCV infected EPC cells post pCl-neo transfection; b. IF detection of SVCV infected EPC cells post
pCl-rhbdd3 transfection; c. Western blot analysis of SVCV infected EPC cells post pCl-neo or pCI-rhbdd3 transfection;

d. RT-qPCR quantification of the N gene copies in SVCV infected EPC cells post pCl-neo or pCl-rhbdd3 transfection.

*indicates significant difference at 0.05 level, ***indicates significant difference at 0.001 level.
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Fig. 7 Rhbdd3 overexpression inhibited IPNV infection
a. IF detection of IPNV infected CHSE-214 cells post pCl-neo
transfection; b. IF detection of IPNV infected CHSE-214 cells
post pCl-rhbdd3 transfection; c. Western blot analysis of IPNV
infected CHSE-214 cells post pCl-neo or pCl-rhbdd3 transfec-
tion; d. RT-qPCR quantification of the VP3 gene copies in

IPNV infected CHSE-214 cells post pCIl-neo or pCI-rhbdd3
transfection. ***indicates significant difference at 0.001 level.
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The antiviral effect of carp (Cyprinus carpio) Rhbdd3

SHAO Ling, TANG Qian, ZHANG Haiqiang

Shanghai Fisheries Research Institute, Shanghai Fisheries Technical Extension Station, Shanghai 200433, China

Abstract: Rhomboid domain-containing protein 3 (Rhbdd3) has been identified as playing an essential role in in-
nate mammalian immunity. However, the products and functions of the rhbdd3 gene in aquatic animal cells, espe-
cially its antiviral characteristics, remain unknown. Spring viraemia of carp virus (SVCV) is a highly pathogenic
agent, responsible for significant mortalities in several economically important Cyprinidae fish species. Infectious
pancreatic necrosis virus (IPNV) is the causative agent of an acute, highly contagious, and destructive disease
named infectious pancreatic necrosis (IPN). The cumulative mortality of young infected salmon can exceed 90%.
SVCV and IPNV are difficult to eradicate and there are currently no effective therapeutic strategies or drugs for
either viruses. Thus, new interventions need to be developed. Innate immunity also plays an important role in the
protection of fish against early viral infections. In the present study, we aimed to obtain the coding region of the
common carp (Cyprinus carpio) rhbdd3 gene. Furthermore, we sought to determine the function of Rhbdd3 in fish
cells and explore the effects of Rhbdd3 on aquatic viral infections. Firstly, the rAbdd3 gene of common carp was
amplified by RT-PCR, with primers designed according to the conserved regions of the predicted fish rhbdd3 gene.
Then, the open reading frame (ORF) of the rhbdd3 gene was cloned into the eukaryotic expression vector pCl-neo,
to construct the pCl-ribdd3 plasmid. Next, EPC (Epithelioma Papulosum Cyprinid) and CHSE-214 (Chinook
Salmon Embryo) cells were transiently transfected with pCl-rhbdd3, and the expression of Rhbdd3 was detected
using western blot analysis. The viability of the transfected cells was examined at 12 h, 36 h, and 72 h post
transfection with a CCK-8 kit. SVCV and IPNV infections were conducted at 24 h post pCI-rhbdd3 transfection.
Viral productive replication was assessed via immunofluorescence microscopy, western blot, and RT-qPCR
analyses. The results indicated that the 72bdd3 ORF of common carp is 1050 bp, which encodes a putative peptide
of 349 amino acids. Overexpression of Rhbdd3 was verified using western blot analysis post pCIl-rhbdd3
transfection, and the overexpression did not affect the viability of EPC and CHSE-214 cells. Meanwhile, the im-
munofluorescence microscopy, western blot, and RT-qPCR detection results all showed that Rhbdd3
overexpression inhibited SVCV and IPNV infections. Collectively, our data indicate that Rhbdd3 can inhibit fish
viral infections without affecting fish cellular viability. The results presented in this study will facilitate the
development of aquatic broad-spectrum antiviral drugs and provide a new insight into the function of Rhbdd3.
Key words: Cyprinus carpio; Rhbdd3; SVCV; IPNV; antiviral effect
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