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FE: HF AL 7R R & RIS $E40 )2 & (Spinal cord tissue cell lines of Carassius auratus gibelio, CSC)H 5
#2997 11 1 (Cyprinid herpesvirus 2, CyHV-2) ORF57#ATRNATHL, AR FE H CyH V-2 2 Z il KI5 . &
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DNAJH B, »2 SR8 8 iR LI 28 — MR i 5,
HJE T 927 75 H (Herpesvirales) 5 JF V& 2 5 7 £}
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Bk, B, WIS I 28 1N, AR R R 68 2% k350 o If,
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I e SRR i 40 23 41 B 2 (Spinal cord tissue
cell lines of Carassius auratus gibelio, CSC)J&, 31T
CyHV-2/8& 4, 18 i X 41 A g 722 A 25 7 &= i
AL % 4 siRN A XY 4 B & i B i 028, ot
CyHV-2["ZhEeH -+, Sl i RNAT-HHE A1 IA Cy-
HV-242 (LR 57 il

1 MR5ERE

1.1 #R

SH A BB e Zesc . CyHV-2J
FIRCNTB2015 WV L A R KK P2 8F 5L BT .9 % A%
17. HRFALipofectamine 200014 H InvitrogenA #;
L-15857 58, X, BEAM-EDTA. Opti-MEM [
T F Gibco /A &l ; A= 4 I, W4 E SR B A =5 B
75 40 i SLRNA$ BGA 71 & (DP430) . FastKing
cDNA S —FE & XA & SuperReal ¢ ) & & il
TR H RARAE RS b)) AIRAF.

1.2 siRNARYE R 541t

R HECyH V-2 2 ARCNTB2015% [K 41 (Gen-
Bank: MN201961)[{JORF5 73 R Fr BE ki34
siRNA, J&— 4 B P siRNA(siRNA-control); &%
5t B B B-actin2E K ¥ 1 — ZZFAMIEM [F]siRNA,
[E) I e B % % 2% siIRNAYE B AL 5 A6 A 51
W), A TAEY TR R A FIE R, P AIME BN 1.
1.3 ApRANISESE

CSCHI ML 5 10%:87 2E 4 135 1% XTI L-
ISEEFRET24CEM TR R AKEZEREFH
0.25%J#EE-EDTA 1k, H:4%2x10° cell/mL 1004
500 pL 73 sl #e A T 96 FLAR A 245 LR Hh, T-24°C 5%+
TR
1.4 HREWIEFR R TCIDs M E

HUARTE (ICyHV-2 CNTB2015%% #7200 pLi
FrECSCHAlAK RIFMT254 IR+, WE
30min, 285 IS mL4ERF I (52 %8 A2 4 I3 A1
1%WHLIIL-1555 7258, B 724 CH 9% 4L
K BN T0% A A7, WRVE A0 R RSOPE BRI, R ALK
12000 r/min &5 0> Smin 5 BU_E G, 1E A EGL F 6 5
WA H -

W 1 4% O B AR E SR 1015 B R R, 3115
SAFEREEE10°, 10°, 107, 10°, 107, 107, 107"
R0 IR 0, JF B S A I, S48 E
2o TEKI R Z CSCHI B 96 FLAR A & FLEEFh %
FROREFE IR BRI 100 uL, % & 30min5 77 25, BN
100 pL4ERF, B 24 CH M 597, B H W %2
AN AR, FRic kgl P AZ FLEL . $%Reed-Muench
VEV B0 #0 IE TCIDs {8

# 1 siRNARIPCRG|¥IFFIER
Tab. 1 Sequences of siRNA and primers

44 % Group 7 %Sequence (5'—3")
ORF57- Sense GCAAGAAGUCGUUCGAUAATT
siRNA-1 Antisense ~ UUAUCGAACGACUUCUUGCTT
ORF57- Sense GGUACUUUCCAACGGCCAATT
siRNA-2 Antisense  UUGGCCGUUGGAAAGUACCTT
ORF57- Sense GGAGCCACUGGAACAUCAATT
siRNA-3 Antisense  UUGAUGUUCCAGUGGCUCCTT

FAM-

FAM-f-actin- Sense GGGAUGACAUGGAGAAGAUTT

SiRNA Antisense  AUCUUCUCCAUGUCAUCCCTT
GRNA- Sense UUCUCCGAACGUGUCACGUTT
[11]
control Antisense  ACGUGACACGUUCGGAGAATT
Sense ATCATGGCAGAGTTTTTTACTG
ORF57-1 AGGAC
. GACGACATCGGTCTTTTTCTCT
Antisense GC
Sense GCCCGCCGACTGGATAGAC
ORF57-2 ,
Antisense  AGGAACGCGAGGCTGTT
Sense AAGCCCAAGCGACTCACC
ORF57-3 _
Antisense TGGAGCTTTGGGTTTAGCGC
Sense TCACCTCCCTTGCTCCTTCCAC
p-actin Anti CTCCTGCTTGCTGATCCACATC
ntisense TG

1.5 siRNA%Z = FniE iR iSatE i
siRNA K ] Ig Jii & (Lipofectamine 2000) 2 )
J5 2 Y, AT R R BE D9 U5 B P B AR EIR BT, A
i F B 85 95 2 N Opti-MEM |, ¥4 FAM-B-actin-
siRNA W) 4H W B i B 20 pmol/L. & H— & &
FAM--actin-siRNA 5 Opti-MEM [ £ 5% 5 fic B 5%
AN R B2 (3 G 2R FE 43 5112940 80#11120 nmol/L)
FIsiRNAK G450 uL, # i5 it f& Lipofectamine
2000F10pti-MEM [ 1577 2 e B i Lipofectamine
20002 & 950 uL, 3 AR & B Smin, F¥
siRNAE A ¥ X\ Lipofectamine 2000 &4+, %
BIRA], BEEE E 25min, S8 )5 I 400 pL Opti-
MEM [ ¥ 773, B2 2], 3/18 500 uLIIFAM-p-
actin-siRNA-JIG U4 5 & V0V, Fol Eu i W3k 2.
TECSCHH A 22 80% M) HEAT sIRNARI #5415
S, FER24FLMR RS R, K IR siRNA-JIE i 1A
HFAEWIMA24 LR, FLSH: 3AAF WK E M
sIRNAZL . [ 1HsiRNAXS R ZH FiMock X HE2H ; RE4H
WoHER . TEH Jeoh )5 B k3 5 5 FL 37 R 4% 4
W, A 10 %37 2B 24 M3 A1 1% W T L- 154k 48
BFR. fER 240G, ¥ A L R IR 5, I
F4EFRE P — Ik, BINNSERRRUS , 76258 A
BB ETOLE S . HERIREREET
ey, fEAR[FINFA](24h. 48h. 72hA1120h)i3E 474 Y
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R B M EE . A2 N3 5K 5 I il I P F Ima-
ge JITHEL B R ook R, B0 B 5 h8-bit,
VR RME S, 24T B 30 7 A RUBURE 1T 3 (Image-Ad-
just-Threshold-Analyze-Analyze Particles), 7] %2
U8 THANN B A% 1) 2= B (Process-Binary-Fill Holes)#T
T 4 g A% 1 . B 3 43 (Process-Binary-Watershed),
THRE & A5 R IE,; R SRS A0 ERNA,
AR R F2 DR #% UL BOR B ) B-actindk [RIPCRAGAL 7= 4)
NZF B E BEPCRINE & Hp-actin ke K 22
.y = et ed S L RVE SR N S S CS () e
W05 Y 25 A
1.6 CyHV-2 ORF57 siRNAXTCyHV-29% 28935
ER

1.5 AL JE 262, siRNAMKRJE 80 nmol/L+
YL e R 24h, 5 = 2 CyHV-2 ORF57 [fJsiRNA
(ORF57-siRNA-1. ORF57-siRNA-2. ORF57-
SiRNA-3), [F] i ¥ B [ %) 4 (B PEsiRNA) . FH
PN R 4 (B-actin siIRNA). MOCKN} B 41125 [ %
A, BHRINEZLL.

TESIRNABE YR 4 RF 245, Ve 285 99, I
200 pL CyHV-2J5 # (TCIDso 910*° /mL), 5 &
30min/&, IR BRI, IDNLERRR, T24 CHEFE, o
WIFE524h, 48h. 72hA1120h 47 4H MR 25 W 82,
HRAEFE S PEEURNA F T 4% 5% J2E DA ) s A, ke
Forp 2 RE 2 S 1200 A URE S 3EAT TCID 5o 52 (7
A 1L.4), 7 HAEBLANER 3T .
1.7 S RNARREUKR ORFS5 7574

X 1.6 KA 40 B R 4% 0 S U A kAT
MRNAMHEE, 80 ng RNABEITcDNA & ik
(FastKing cDNA 5 — 8 & Bl &) . %% 2

2 MORFECEEER
Tab. 2 Sampling ratio table

VRRESLL VRFEOD V43 W%ﬁg‘}gA Mock
Yl Concentra Concentra Concentra SIRNA- Mook

tion tion tion

Group negative  control
group 1 group2  group 3 1
L L 1y control group  group
(uL) (8 (18 (uL) (L)
siRNAE &%)
siRNA complexes
FAM-f-
actin- 1 2 3 2 0
siRNA
o 49 48 47 48 50
Lipofectamine & &4
Lipofectamine complexes
Llpofecta 1 1 1 1 1
mine
I(\)/[%t;\'/[ I 400 400 400 400 400

SIEAT 2 6 E EPCR, A IL3IANPATFE S, A
FE R L2 E &, QPCRKH SuperReal PreMix Plus
(SYBR Green)if 7l &, #5156 B HH025 pl s MAK £
BEATEC ), [N FERE N: 95°C 15min; 95°C 10s.
60°C 32s, 40MEIF . IEFRB-actinfF N Sk
BEAT I HE, 2 L B ORFS 7RI X 2 3k &,
AACH(Cliarger=Clg actin) tripe A~ Ct targerClg.actin) btk 40
1.8 HIEH

SO HHE 25 DP I E AR ZE R OR . o,
ORF571EA [R) 2H [P AR X 3R 08 8% H TR 36 0 #r, 48
TR E KT REP<0.05R R 27 B %

2 #R

21 REBEFEFREEENNE

CyHV-2J55 F 2 Fh ZECSCYl L b 5 9%, SR
tHIL80% AL AL (18] 1), WoHm . T2
80%FA 2 () CSCHH A 196 FLAR 34T TCID oI 52,
SR AN R R 1) 48 s A2 FL AL (R 4), T4 Reed-
MuenchiZ 15, 3843 TCIDs, 410 /mL.
2.2 siRNA 3 R& 51k

K ET X B-actinFE R [FJF AM-siRNATE 24 FL AR
R IR BICSCHN M b b AT #E Je 2 AR AL . SRk
AR LE A [ EOR A BORAR [ A E5REER, SREE
BB EE F (E 2), Bk B F A B A Image
I & H3KE A R midiE . &HWN R
WEWNE 5. RER: BRIk Fron)s, %Kt
155 5siRNAZIRE 2 IEARDE; 1 4ERF24h )5, 80 nmol/
LA Ll P 2H 58 't i B =i, ~1-331366, 40 nmol/L
R F 3578 ) R 700

PEHUA HAE M RNA, 8 5% 2 EPCRAG I %
2H B-actin LR #E DAY, 25 5 TR, 235 YLk FE 280 nmol/
L, #5 YLt [A] 240, f-actindk R K ik & AL (E 6),
FKHNZAEGS, SIRNA R TR AR B

G PR AR B-actinE R Rk &

%3 siRNAHNHIKIE 24R
Tab. 3 Grouping of transfection inhibition test

PP

Transfection siRNA CyHV-2 Saﬁ?‘gﬁg@me

Group reagent
Blank group - - + /
Mock sroup ' ) © D anaon
A
p-actin siRNA + + + 272?%[]41821})%
ORF57-siRNA + + + 27‘%71:5‘ 1E;2h(fh

VA A
Note: + means added; - means not added
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Bl IER 40 55N
Fig. 1 Normal cells and pathological cells
A IEFANHE; BWAR S 4IME. A5 U500 pm
A. normal cells; B. the cells with CPE. The bar in figure represent
500 um
R4 TCID;REHENE
Tab. 4 Detection of TCIDs in different virus dilutions

FRRETR L
Géﬂ%lj Gradient dilution
roup 10°10°10710°10°10°10 " 10
AR FLEL
Number of wells with CPE 776 1 1 0 0 0
SRR

Number of wells without CPE1 1277 8 8§ 8

B

200 um 200 pm

B2 FEA M FFAM-B-actin-siRNA¥E L RUR

Fig. 2 Effect of different concentrations of FAM-f-actin- siRNA

transfection

AFIBH; Yk & #7240 nmol/L, CFIDHE ik & 7280 nmol/L, EAI
Fi#G Y B 3120 nmol/L; A. C. ENE:YL6h/5 3, B, Do
FAR Y 24hf5 8. 75200 pm

The transfection concentrations of A and B are 40 nmol/L, C and
D are 80 nmol/L, E and F are 120 nmol/L; A, C and E are 6h after

transfection, the fluid changed, while B, D and F are 24h after
transfection, the fluid changed. The bar in figure represent 200 um

I HTEE A, LA80 nmol/LIKEEIFAM-B-actin-siRNA
YL CSCHYUM, % 4L fa 4ERFIN [ 4240, siRNA R4
HRCR A I, R LAS0 nmol/Lik E fsiRNA K
PLCSCHNM G 4ERF240 M E R g B Geilin 7 8

TEARALJE I 254 T i YeFAM-B-actin-siRNAJ&,
We S5 Ju i, IMNAEFFIR, TE5524. 2548, ERT72H0
55 120h7E %G 18] B 27 Bi(Leica DMI 3000B) i
TR T WEE 3). EREKH, f24—T72h %
A5 5 HE T T 2 5 755 12000, WE% 3158 )
R B Al B AR R b . B O E
PCRASE I #4520 B-actindi PR 5545 DY, 45 REBIR(ER 7),
FAM-f-actin-siRNATE 120h A 5t 40 B-actindt K %
SN G R AEAE /NIR I B, 7E 55 72hi $ 1 2R
i, B 24155 12005 /NI TA] SR R TE B3 22 5
2.3 ORF57-siRNAXTCyHV-25H & 5 4w T AY
HHI{E A

o YL AN [G] ORF5 7-siRNA 1 CS CHH il 32 4T
BRIRYL, JEX B B S A M 3 AT W%, S5 R
N (E YN 15 )5 5524 M1 55.48h, 4520 TC WA 2 40 g
A%, BET720 % LH AN B B 7 SR AR, R 56 120085 A
SO B AR A (K 4). 7555 1200, AHE T
M2, ORF57-siRNA-241 41 i Jp5 28 &% /b, ORF57-
SIRNA-3411kKZ, ORF57-siRNA-1ZH0& % T X FE 40,
FIAE3 A SIRNAT ORF57-siRNA-2401 1] 7 5 Fr 41
9 7 8 SR e e
2.4 ORF57-siRNAXTCyHV-2 ORF575% F 194D
N E

ORF57-siRNAALHE Ji5 11 CSC A Hf J e 73 55 )5
FEHUS RNAJAT I #5%, UB-actinhIN S5 A, it
ITORF57FR Kk Z RN & M. iR BN 17E

5 ImageJ SR EHE
Tab. 5 Number of fluorescent spots counted by Image J

SIRNAZ& 3K Fif

Finalconcenration 1. LT 6 Tranebeson afr 4
of siRNA (nmol/L)

40 618+18 700+£26

80 1063£101 1366+136

120 1266+111 1031446

R 6 ERERFZRETPactinEFE N
Tab. 6 Copy number of f-actin gene under each transfection
scheme(copies/ng)
SIRNAZ M

Final concentration
of siRNA (nmol/L)

YL 54 RFoh L5 4 RF24h

Transfection after 6h Transfection after 24h

40 8.423x10" 1.258x10"
) 1.147x10" 3.375x10°
120 4.985x10* 4.685x10"
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48h P, %-siRNAZLXHp 5 ORFS 75: K RIE#H — &
FFIHIE R ; SMOCKZLA EL, ORF57-siRNA-241]
HIRCR i, RIS B R 5233.55%(P<0.01), ORFS57-
SiIRNA-14 F#MK 22.50.59%(P<0.05), ORF57-siRNA-
3B E70.72%(P<0.05; K] 5)s ORF57-siRNA -
24, ZEAShAS Ab T F K 1933.55%, 2 G 18t m, &
120hR L & T 241.61%(P<0.05), 1M B HEsiRNA
RIS R BT T Mock X FRZHL (K 6). 45 5RFEW,
ORF57-siRNA-2%fCyHV-2 ORF57%% 3¢ LA # ok
)L BRE I E o
2.5 ORF57-siRNAXTCyHV-2 TCIDs RS20

HY 1. OUSCER 175 2H 4 37 22 28 1 20n R0 B3R5 97 R,
I3 AT K 22 80% L 2 IR CSCAH H [ 96 FL AR
HEAT TCIDsy I 58 , #4Reed-Muenchikit H CyHV-2-
ORF57-141. CyHV-2-ORF57-241. CyHV-2-
ORF57-34.. BHPEsiRNAZL FIMockZH ) TCIDs, .
TCID s 5 45 J R BH (3% 8), ORF57-siRNAsX} Cy-
HV-2[ & H] B A — & M gsfEH, K CyHV-2-
ORF57-241 4 HiI4E F %5, 5 MockAH L TCIDs o F%

2 200 pm

K3 #G¢JE24h, 48h. 720112005615 S
Fig. 3 Observation of fluorescence effect at 24h, 48h, 72h and
120h

A—DZ%} 924, 48h. 72hHI120hM 2245 (AR R 200 um)

A—D are the observation results at 24h, 48h, 72h and 120h
respectively (the bar in figure represent 200 pm)

7 ¥ #/524h. 48h. 72hFN120h P-actinEEFIXER

Tab. 7 Expression of f-actin gene at 24h, 48h, 72h and 120h after
transfection (copies/ng)

JLsiRNA & ] [A] B-actinE R $5 VUKL
Times after transfection (h) Copy number of f-actin gene
24 3.403x10°
48 3.315%10°
7 1.900x10
120 3.001x10°

1% 7 94%, 51 siRNAZHAR HE AR T 98.1%.

3 g

3.1 SiRNAXHREEHIRHINGEIER
siRNAYEARNAFH T Rz —, e iz i T

AR S S E R R e

T B 0 B AR I 95 5 BF (Grass carp reovirus,

GCRV)VP7I¥IsiRNAVE S 7 A fifg 6, FEAK T 525040

(RIBET 3, FFAELE | ke, SAS it b T

6] i 42 5 GCRV JX09-01(GCRV I ) }2GCRV

: 500 um

500 pm = ;

Kl 4 ORF57-siRNASTE 120h T $ECyHV-281CSCHH i 2 35
Fig. 4 Effect of ORF57-siRNAs on CyHV-2-induced CSC CPE
at 120h

A. ORF57-siRNA-14; B. ORF57-siRNA-24; C. ORF57-siRNA-
34H; D. BM:siRNAZH; E. MockXt HE4H; F. 25 A 2H (b X.500 pm)
A.the emergence of CPE of CyHV-2-ORF57-1-siRNA group at
120h after infection; B.the emergence of CPE of CyHV-2-ORF57-
2-siRNA group at 120h after infection; C.the emergence of CPE of
CyHV-2-ORF57-3-siRNA group at 120h after infection; D.the
emergence of CPE of Negative siRNA control group at 120h after
infection; E.the emergence of CPE of Mock group at 120h after
infection; F.the emergence of CPE of Blank group at 120h after
infection. (the bar in figure represent 500 pm)
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104(GCRVIITEY) VP2 £ [ K] 1 XU siIRNA R IL B,
HYLCIKA M 5, nT LR B #i 8] GCRV JX09-01 4
GCRV 1041 & 1, 159 2 % siRNATR] [ i 4F H, 417
HZ FOR IR EH . EAh, SIRNAE T35 A
B A ER . MR AR R T &
U R R A e A U B 0 TR
KA ST DNARK FFCyH V-2 ORFS5 7% i+ T 341

—_ =

o O N A
T T 1

*

*

ORFS7FI* ik &
The relative expression of ORF57

S o o o =
=

(=T
1
I |
L
—

SR
Q

N
o & & R
o o o °

5 ORF57-siRNAsAb3Ef548h ORFS7AIN ik &
Fig. 5 Relative expression of ORF57 at 48h after treatment with
ORF57-siRNAs
*FRINZE T, P<0.05; ¥+ RoRZE AR, P<0.01; T IA
*the difference is significant, P<0.05; **the difference is extremely
significant, P<0.01. The same applies below

[ BATESIRNAZ]
N ORF57-siRNA-24

* Hok e *
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INFLUENCE OF siRNA TARGETING CYHV-2 ORF57 GENE ON
REPLICATION OF CYHV-2 IN CSC CELLS

JIN Li-Ping', PAN Xiao-Yi’, LIN Ling-Yun’, YAO Jia-Yun’, CAO Zheng’, YIN Wen-Lin’,
LAI Ying-Tiao’, TAO Jia-Fa’, LIU Yi-Han’ and SHEN Jin-Yu" >’
(1. School of Fisheries and Life, Shanghai Ocean University, Shanghai 201200, China; 2. Ministry of Agriculture and Rural Areas
Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of Fish Health and Nutrition of Zhejiang Province, Zhejiang

Institute of Freshwater Fisheries, Huzhou 313001, China; 3. Key Laboratory of Fishery Drug Development, Ministry of Agriculture
and Rural Affairs, Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: Cyprinid herpesvirus 2 (CyHV-2) is the pathogen of herpesviral hematopoietic necrosis of Carassius
auratus. It is a double-stranded DNA virus that can infect goldfish, crucian carp and its varieties. This study investi-
gated the effect of CyHV-2 ORF57 on viral replication in Spinal cord tissue cell lines of Carassius auratus gibelio
(CSC). Lipofectamine 2000 was used to transfect siRNA. Three pairs of siRNAs of CyHV-2-ORF57 gene were trans-
fected into CSC cells to evaluate the effect of ORF57 on viral replication and cytopathic effect (CPE). Real-time PCR
analysis revealed that ORF57-siRNA-2 had the greatest suppression of ORF57 expression with a 33.55% (P<0.01) re-
duction at 48h associated with the strongest inhibitory effect. All three ORF57-siRNAs delayed the time and intensity
of CyHV-2 cytopathogenic effect, with the inhibition time up to 120h. The results of TCIDs, showed that ORF57-
siRNAs reduced the titer of the virus, and ORF57-siRNA-2 decreased the virus stock solution TCIDs, 10**"/mL to
6.776

107" "/mL. This study show that ORF57 can mediate the CPE and replication rate of CyHV-2. This study provides a
reference for the antiviral treatment based on siRNA technology and the construction of low virulent strain of CyHV-2.

Key words: Cyprinid herpesvirus 2; RNA interference; ORF57; siRNA; CSC cell line; TCIDs,
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