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A, REZE”

WE: b TR k% ELHos g ga i (BPOLA T3t £ (IFN-1), 7 52 % 3 3¢ RT-
PCR }\ EPC # 33§ ifn-1 JE W, M7 & 41 5% 3 it A pET-32a-IFN-1, LB K% 540
Transetta(DE3), fKshdifb 5l £yimaEE k. R L7, ifn-1 %8 K K/ K& 552 bp,
i 184 MR KL, 5HE & T4 F (CIIFNL) £ 4% X R L. &1L SDS-PAGE 441, £
4% 3k iR pET-32a-IFN-1 EE LW A T B R A A S ku g Be & a 4%, HHLET
MRk, Rk fedh U] ¥R 0 E 4 IFN-1(IFN-1), %23 W = K 8 %K & 30 &
B W4 IFN-1 % 52 [ 4tk , ° T 46 9l 48 i 9 1 89 IFN-1. % & PCR & 7% tIFN-1 &
EPC % % 7 7] DA% 5 400 & & Mx1 ik ik, JF 906 82 & g & fu e 5 % (SVCV) 5] &

iy 40 7 & (CPE) % SVCV th & #l, £ ¥ rIFN-1 B4 41 & 76 .
KR BB O ifn-l; LEEMMN; MARENERS, REKSE

FEDES: Q786; S941.41

T (interferons, IFNs) & 40 Jifd 52 3] 55 J7 3l
PO A B — R I (ALY ), AR
Jet e B wEEAEAY, TR EVIE 1957 4F
H1 Isaacs 55 7E X% IR 2% 7 PR 28 R 200 1 1 5 2 T4
FE R, THREA 3FRR, R BT
Z (IFN-o/B), I B+ 4K (IFN-y), M2 4R
(IFN-v), TR AR BASomREEEN, 1
RT3 R A e W A

hf B SRR IR A HESh Y, KT IR
SRR TBITRERMI B TR, AR IR THE
WA o5 B2y, (HARYE K b2 b 2 ie 5k
BRI QL 4) R TARMSE T4, HsE
HIRTILEA IFN-a, -d. -e fil-h, fFAETA
B s BB D41 18T 4 R A4S IFN-b, ¢
£, R T /OEF Y, Flnst 5 (Danio
rerio). K V4 V£ & (Salmo salar) F1 W 8 (Oncorhy-
nchus mykiss)35", IFN-y 7 21 #& 7R J7 i (Takifugu
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ERFRERRD: A

rubripes). BRI R PG EErh % i, HA S
3AMWET, SESEEHESY IFN-y AL,

M S8R O % (Pimephales promelas) - % 98 2
fitl (epithelioma papulosum cyprini, EPC) J& M 23k
OB e, AR TR
S AR . EPC 7E 13~33 °C #fn /£ K, FLX il
SR RE MLAERG BF (spring viremia of carp virus, SVCV),
& eV 5 I PR E 9% B (infectious pancreatic necrosis
virus, IPNV) % Z ok A sh¥) i # Uk, /KA
W 2 W R SRR AR S e R A S BOm
HLIR A B ZE A0 R, H H Fr sk = £ X% EPC >R i
PrE e+, T E. AdfEH =
10 45, BRI T AR A S e s —1E £ BAREF
IR . AL, ARG s BE R K IA T EPC
KRB ifn-1 FEP, FFIEM T H EHE BN
BT
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9 1] A, AR BORAR DR RO AN ifn-1 SR B3R 3A KB I 1449

1 MRS JE

1.1 SEIe#

FESL RO TR L R A L AR P R ILAE
B ARSI % R AF; 404K pET-32a., FRIPEHN I
fiff BamH 1 . Hind T . RNA $& it 57 (Trizol).
S 5% 250 £ [ TaKaRa; E. coil transSa., E.
coil Transetta(DE3)., Amp il IPTG Iy [ 4t 72 4 =

SHEWARA T His 28 H L MaifbilH &
% [ Novagen /A 7] .
1.2 SI¥M&mk

HR P8 AR S 56 %5 BPC 40 g 7% S L 80 ds , kA5
ifin-1 B R ¥ 5, F)H Primer 5.0 {4 1%

R RESI Y, 518 BT R 5151 A BamH 1
A Hind M BRGIPEREDIO; 8T, SIWIFFFI L 1.

®1 SIEEFT

Tab.1 Nucleotide sequences of primers

514 FF3 (5"-3") &

primers sequence (5'-3") purpose
ifn-1-F ATTGGATCCTGCGAATGGCTCGGC P 8ifn-1 4R
ifn-1-R GCCAAGCTTAAACTTTTAGAGAGGACGB Y Hhifn- 1554
ifn-1-F1 AACGCAGCACAATGGAAC qPCR
ifn-1-R1 TGATGGATGGTGGTATCG qPCR
Mx1-F ACCCAGCAGCAGTGGAGAAA qPCR
Mx1-R TCCCAGGGAGGTCAATGAGAG qPCR
SVCV-G-F TGCTGTGTTGCTTGCACTTATYT qPCR
SVCV-G-R TCAAACKAARGACCGCATTTCG qPCR
TBP-F TTACCCACCAGCAGTTTAG qPCR
TBP-R ACCTTGGCACCTGTGAGTA gPCR

7E: TBPATATA box binding protein, F{EE&PCRY BN S K

Notes: TBP is TATA box binding protein, used as a quantitative internal reference gene

1.3 EPC ifn-1 {3 1

PA 0.1 MOI(multiplicity of infection, /& Jt &
B0 ) SVCV JEk e EPC 4 g, 24 h J5 U 4E 40 it .
Fie B Trizol 12 7 & 10 W3 43 42 HU S RNA,  #& I8
PrimeSecript™ RT 125l & 16 ] 56 & RNA i % 5f
4 cDNA, DIt REHR#E4T PCR, PCR N 1A R :
2.5 uL 10 x buffer, 2.0 uL dNTPs, b FiiF5| 44
1 uL, Taqfi# 0.1 pL, ddH,O 17.4 uL. 3" 54 544 .
94 °C i A2 1 5 min; 94 °C 2544 30 s; 52 °C iH k
30s; 72°C M 1 min, 334 MEH; )5 72°C
FEAH 10 min, PCR 4 1] OMEGA 7 w] DNA #¢
iz 1T s i) s A T Tl
14 F5oHh

M GenBank H' % $% B £ (Ctenopharyngodon
idella), 4:fh (Carassius auratus). B Th i 10T i
g 1T RAN T B4R, il ik DNAMAN #ff
PEAT R SIRS H, R A ClustalX 2.0 Al MEGA
7.0 BAF AT RIS o TEZ 50 B 3K (http://
www.cbs.dtu.dk/services/Signal) 43 #1 EPC ifin-1 )
{55k, FIH TMHMM Server v2.0(http://wwwcbs.

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

dtu.dk/services/ TMHMMY/) #4334 7 15 R X 07 o
1.5 E2 PCR(qPCR) S EFEMRIE

L 0.1 MOI SVCV & 4% EPC FlJi: 3k & JJL 1A 21
fifl (fathead minnow, FHM), 4373)7E 3. 6. 12 Fl
24 h WM . ¢ M8 Trizol iR & vd A 5 $2 B
RNA, #% M PrimeScript™ RT i 7 & i) 17 45 45
RNA J% 4 5% & ¢cDNA, % )t & & PCR(qPCR) #f
$& SYBR PremisEx Taq (Perfect Real Time) i 77| &5
UL AR R T, SR 20 uL AWK : SYBR Premis
Ex Taq™ (2x) 10 uL, | FE51% (10 pmol/L) 4%
0.5uL, cDNA it 1 pL, ddH,O 8 uL. " 414
94 °C Fi A8 4 5 min, 94 °C 8% 15s, 55°CiH k
30s, 72°C ZEM30s, FL40 PMPEER. DL 2
AT EAS A RA R, TR T R B2 70T

1.6 pET-32a-IFN-1 RAF K E

FIH ifn-1 51995 B B9 5 R B, 1 Hind T
F1 BamH 1 BRI N VI EEEA TR YD, 1% BEAEWEGE
Jie B Uk I gliA 5 Fr B, k) g 20 3R 3K TR pET-
32a-IFN-1, %4k %] trans5o B2 A 40 0, Pk s
&R FE, LW PCR Y, X PCR 455 K FH
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1450 KopE o R 44 3%

PR RBPE FORL, BEAT UG4S %E , X XU )
U A BH M 1 2 R GR A TR TR R A
A B 2 w0 B E

17 EERNARBAETNSFSRESHEL

BH P 7 B 200 e 26 58 IR S, $H pET-32a-
IFN-1 J5i b7 % A J 37 A5 4l i Transetta(DE3), 3% #
FEEANHFHEZENLBE R D, 37°CIRmE;
Feid s WHLAT < 100 Ho il 4% F 5 mL LB 15
FrAkrh, BEFREXEON, UL 1 mL AR RIS
SxtHE, HAbfin A IPTG 2L ¥ FEE N 0.4 mmol/L,
V5 3~4 h BLO U R, MFEREEE, 43I
5 W T UE . SDS-PAGE(VE 45 I 5%, 4% B i
12%) HLVK, 4307 B B8 F 0 3R8 R LT i

R4 B i8R A kg Rk ralifl., 4 10mL
& A H 4] i ki pET-32a-IFN-1 f) Transetta(DE3)
FWAERE] 1 L & AMP(100 pg/mL) B LB & 14 54
FeHh o 37 °C 180 rv/min 4§ 3% 5 5% 3 h 5 A
IPTG 24U N 0.4 mmol/L, #KZEHi3% 4h, 4
LYK 5 000 r/min 250> 10 min Y8 FE IR DLHE, PBS
& JF 5000 r/min &L 10 min PR35 1R, F0
A 40 mL [ JC B PBS MFT 34950, R 10 1 B 44
J&, 4°CF 12 000 r/min &[> 30 min, 4> 5|4k
VSR NTCE . AR His A28 1136 F0 4l Ak 5]
S VLR A AT 1T ATV M B DO E A
WIREE A Y alifl .

1.8 MEMAERGHIESEN

KL HRE SR E, RATHE T RE
JEI 2 22 450 S R 88 U 2 M R S (2.0 kg/ H)
TR G 8 i /D e R K O ASOT BE RE  aAR
BIEAVE PR, B BIR A 400~600 pg
B, RAE3W, M2, %3 RREE)E 10d
AR AL, /B IE, 432520 °C {47 .

W5 2 15 1 40 2 14 FH PBS B & 5 7517 SDS-
PAGE LUk, IMIEHLARS R 1 : 1000, 1 : 5000,
1:10 000, 1:20 000, 1:30 000, 1:40 000,
1:50000, 1: 100000 4 HLAB A TR BEAE I —HL,
AP FRIC AP RPIIR 12 10 000 5 BEAE R — i,
4T Western-Blot K&l .

1.9 Western-blot & | A A IFN-1 K&

A poly I:C Tl 4 Bl EPC, FHM 40 i, LA
0.1 MOI () SVCV & Yt EPC 41l Jfi , 24 h )5 Wt £
A TE) A PR A 40 AR &, N S x loading buffer, T

https://www.china-fishery.cn

100 °C 7& 15 min, Western-blot £ Il £ fifd Py I
IFN-1 Rk
1.10 RS EMENE

FHAS TR e B2 9 fIFN-1 25 4 (1. 5. 10, 50,
100, 200, 400 ng/mL) 4b ¥ EPC 4 /s 24 h, LI%E
I PCR {4 I 400 75 2 1 Mx1 B 5% 5 KPR
it Mx1 sk KF 25 53, B #EH] 5 ng/mL B rIFN-1
[f] EPC M i & 24 h, T 0.1 MOI () SVCV J&
YA, AR TS 3. 6. 12 Fl 24 h 434
W S 40 B B M X RE L DL PBS AR FR, FHH 0.1
MOI ) SVCV B YL 20 M . L5 4 it 95 722 155 50 IF
Kl SVCV-G % S 7K - T 510 2

2 4R

2.1 EPCifn-1 NRE5FF) 9

FE 3 A3 A 45 5 W R, EPC ifn-1 4 i X K /1
Jy 552 bp, TN AS 184 DEIERR, TN 17
ku, 1590k (1~22 aa), TCEEELEHEL, F
SYESI YR -1 S X R &5 5 KA,
PCR 7=¥)25 1% Bl EE e Uk A I, AT DL 500 bp
Wb S kA, I LS T A4 4 B 41 SRL pET-
32a-IFN-1(& 1), B 7 128 18+ 4 28 AR 95 Al 2
JR e e R AR I A WA T A FNEE T 4L, EPC
IFN-1 B B P & A7 2 B R Rk 2, BT
LA T RTHEER . RESHr R EPC ifn-1 5

M1 1 M2 2
bp bp
2000
1000 5000
4000
750 3000

500

250
100

2000

1000
750

500

(@) (b)

B 1 ifn-1 B9 18 K E4H KL pET-32a-IFN-1
W EG 4 E
(a) M1.9> T i B A5 4 DL2000; 1. ifn-1 ZEH 1 . (b) M2.9 TR
AR DL5000; 2. 3 4 5 ki pET-32a-IFN-1 XUE§ V) % 58 (Hind 111
1 BamH I)
Fig.1 Amplification of ifn-1 and identification of
the recombinant plasmid pET-32a-IFN-1

(a) M1. molecular weight standard DL2000; 1. amplification of ifn-1

gene. (b) M2. molecular weight standard DL5000; 2. recombinant plas-
mid pET-32a-IFN-1 digested with Hind Il and BamH 1

HHE K 7% 23240 sponsored by China Society of Fisheries
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9H i

A5, A MORO B RO ANAR ifn-1 Bk PR 3R 3K B s 2 0 1451

D5 Bt ifn-1 F 4 M0 ifn-1 SRS R L, &
1% —E0R 5 54 60.88% F1 59.30%(K 2).

2.2 ifn-1 IRIAER

L 0.1 MOI () SVCV J& 4% EPC Fil FHM 4 Jifl
J&, PITE 3. 6. 12 FI24 h WAEAML, J3HT ifn-1
fRIE S KOF, 45 B8 SVCV YL 24 h J, EPC,
FHM 48§ o 1 ifn-1 7K 38 R B YL 20 I 35 B
{BFE RS B IR Y F ) 3~12 h), ifn-1 % 5% 32 3| ]
A 3).

23 ifrl WEHRRESEMEEBANAEL

$5 H 2H 2% 3K UKL pET32a-IFN-1 # 1L 15 T3
Transetta J5 3% 7%, FH & W 0.4 mmol/L ) IPTG
T 37°C Tifspkik, S rhnl B L3 2y
35 ku WE A MG E A RIRFW, oL it

78

4t C. auratus IFNy

LE
9 EPC IFN1

64 98 I:H@} O. mykiss IFN1

72 l:ﬁ@ C. idella IFN4
l o
90 97 WM D. rerio IFN4
33 99 I:#‘*iﬁ; C. idella TFN2
P D. rerio IFN2

77 it C. idella IFNyl
{Iﬂﬂjﬁ D. rerio IFNy1
98 I_—N@é O. mykiss IFNyl
W &% O. mykiss TFNy2

ik (K 4-a),

WO AR, MR TS B O B T W
FUTYE, 8T His 4528 26 M atifb a5 &l s il
T b R M IR 2 I v v A TR AR X il R
I fIFN-1, 317 SDS-PAGE HiJk . Ziifk)5 4
FHKAM P —, AifbER B (K 4-b),

2.4 Western-blot ¥ 00 & I (A

HA R BT R G RO S )s Rk
BvE 22 KRR, #1145 TPt EPC IFN-1 () 2 3 bt
& LAl 25 A dt IFN-1 BUARFE S —$T, AP FRid
2R PUIRVE N — 90, i Western-blot Il
Hpuiksith . s8R 8xR, Hl& P IFN-1 Prik7E
1:1000~1 : 100 000 (HG BEATELT , Ty BNk
BEONTEW, RS T 80 8= P IFN-1 £ 58

100 (& f  C. auratus IFN
5| 1%t C idella IFN1
BEE . D. rerio IFN1
WTH  O. mykiss IFN1 14
Group [
W% O. mykiss IFN5
Type [ IFN
W%
100 (ALEE  O. mykiss IFN3
W% O. mykiss IFN4
HIT4
Group Il
,_—ﬁ@ C. idella IFN3
99 PEE 6 D. rerio IFN3
IFNy Type I TFN
1T 4
it C.idella IFNy2

72 Pt D. rerio IFNy2
94
31

& 2 IFN-1 B R G
GenBank & 3% 5 . # fii : DQ357216 (IFN1), KU182641 (IFN2), KU182642 (IFN3), KUI182643 (IFN4), FJ695520 (IFNyl), JX657683
(IFNy2); B T #1 . NM207640(IFN1), NMO001111082(IFN2), NMOO01111083(IFN3), NMO001161740(IFN4), NMO001020793(IFNy1),
NM212864(IFNy2); HL fiti .  AM489418(IFN1), NMO001160505(IFN2), NMO001160502(IFN3), NMO001165043(IFN4), NMO001159339(IFN4),
NMO001160503(IFNy1), NMO001160504(IFNy2); &xffi: AY452069(IFN), EU9093681(IFNy)

Fig. 2 Phylogenetic tree of IFN-1

GenBank accession number. C. idella: DQ357216 (IFN1), KU182641 (IFN2), KU182642 (IFN3), KU182643 (IFN4), FI695520 (IFNyl), JX657683
(IFNy2); D.rerio: NM207640(IFN1), NMO001111082(IFN2), NM001111083(IFN3), NM001161740(IFN4), NM001020793(IFNy1), NM212864(IFNy2);
O. mykiss: AMA489418(IFN1), NMO001160505(IFN2), NM001160502(IFN3), NM001165043(IFN4), NMO001159339(IFN4), NMO001160503(IFNy1),
NMO01160504(IFNy2); C. auratus: AY452069(IFN), EU9093681(IFNy)

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries https://www.china-fishery.cn
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1452 K C 44 &
EPC - 100 - FHM »
140 | /N 90 | CONC
120 ¢ Bl SVCV gg | mmSVCV
< 100 | n r
B g s 60
%S 80k 22 50l
T 37 -2 37
£8 2} 55 2|
0w 1 ﬂi rm (m (R [
0 D.L. 1 1 I_x—ll 0 _|:|.|.. |. 1 1
3 6 12 24 3 6 12 24
i 7] /h HF[i]/h
time time
(a) (b)

3 RT-qPCR %0 ifn-1 B5E 5K

*k P<0.001; NC. IEH X FR 41

Fig.3 Detection of the transcription level of ifi-1 by RT-qPCR

##%k  P<().001; NC. normal control

Mkua) 1 2 3 456 7 89

4 SDS-PAGE %3 #ft pET-32a-IFN-1 fiRiE R H
EEMAERNAEL
(a)SDS-PAGE 4} #f pET-32a-IFN-1 £ 37 °C F &k, M. HH bz
M TEREA; 1L AMA PTG K2 84 A 2. A IPTG i
XML 3 AN PTG I A XS 4L s 4~5. A IPTG 4
WEALRA: 6~7 LRAM LIER: 8~9. LR HMITVE. i S
() FFIREHAE A E: (b) pET-322-IFN-1 i & E 044K, M.
TGAHES TREA: 1 BEWAf, 2. FRRaAL: 3. B
RS, Hi 2k (—) bR E AL B
Fig. 4 SDS-PAGE analysis of the expression and
purification of pET-32a-IFN-1

(a) SDS-PAGE analysis of pET-32a-IFN-1 expression at 37 °C. M. pre-
stained standard molecular weight protein; 1. no-load control group
without IPTG; 2. no-load control group with IPTG added; 3. recombin-
ant control group without IPTG; 4-5. addition of IPTG whole-bacteria
protein experimental group; 6-7. supernatant of the experimental group;
8-9. precipitation of the experimental group. "«" indicates the position
of the fusion protein; (b) purification of pET-32a-IFN-1 fusion protein.
M. pre-stained standard molecular weight protein; 1. supernatant purific-
ation; 2. flow-through purification; 3. inclusion body purification. "—"

indicates the position of the purified protein
BELIA (K] 5).
2.5 IFN-1 % mEHUR R4 RN

F T 4B & BT IEN-1 304K 09 4 5 1k
Pl poly I:C % %t EPC Fl FHM 41 i (K 6), = L)

https://www.china-fishery.cn

125000 1:20 000 1:40 000 1:100 000

1:1 000 1:10 000 1:30 000 1:50 000

5 Western-blot #ll3 IFN B & & H
1B 7NE 3§ /1)
Fig. 5 Detection of titer of IFN antiserum
through Western-blot

1 2

IFN-1

-

3

& 6 Western-blot #3 IFN-1 45 514

1. H poly I:C AL 2R (¥ FHM 40 /it ; 2. A poly I:C 4L #E (1) EPC 41 fitd ;
3. F 0.1 MOI SVCV &k ¥ () EPC 41 s 4. BA o4 xF B (PBS 4b H (1)
EPC #fiJif), P-actin A {E Western-Blot 1] 4 £

Fig. 6 Detection of IFN-1 antibody
specificity by Western-blot

1. FHM cells treated with poly I:C; 2. EPC cells treated with poly I:C;
3. EPC cells treated with 0.1 MOI SVCV; 4. negative control (EPC cells
treated with PBS buffer), B-actin was used the reference control for total

protein loading

0.1 MOI SVCV /&t EPC 4 i3 i/5 5 IFN-1 i £ ik,
R DL 25 1 £ 58 BEPTIR #E 1T Western-blot £,
ot B-actin FE LHERNS . LR TR,
SR IeE, Y poly .C FI SVCV YL 1E 17
ku A AE — SR S A5, 5 IO 40 L P

HHE K P74 5 sponsored by China Society of Fisheries
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9 1 Fh

7%, G FRSRBRTE L SOR AN ifn-1 PR R KU T I 1

1453

IEN-1 R/NARARL, T BT AT LA oFe A6 00 240 i P 1

IFN-1,

2.6 IFN-1 MinfmE &S

DUAS [] € B %) tIFN-1 4 B EPC 40 i, 43 #r
PR EEEE H Mx IURAKF, 48R 7R 5~200 ng/mL
B rIFN-1 T Ab BE 24 h 8 18 2 LU Mx1 1955 %K

R, Y 3~24 h B R ULEE B B I A 40 e 7

A DA rIFN-1 A0 B 7 B YL 2H 7F 24 h 40 M 28 0
HR o 4 R 7 (K] 7-b)e 22 & 43 #1 rIFN-1 7] DL,
F AR SVCV-G 1235 K w78 1 (K] 7-c, 7-d)s

GBI BURRETE 1 o

3F- (& 7-a). rIEN-1 Fiikb 3 EPC 40 )5 - DL SVCV

150 i KoKk sekok
i:‘ $ =] a:_ rIFN-1+SVCV
£ % 100 -
%2
— 2 skkk
£ 50t i 3h
[}
- seksk m
o Lo BV
NC 1 5 10 50 100 200 400 ; :
100 im 100 pm
rIFN-1/(ng/mL) iy ‘
(a)
skok
[1 SVCV+IFN-1
108 F Il SVCV

sk

]
]

SVCV-G /K
level of SVCV-G
z 3
.
i
—

6h

100 pm 100 pm,

i 18] /h
time
()
6 - [1SVCVHIFN-1
Il SVCV
*
w g
E5
e
BT,

24 12h

PAaL] A,

100 pm

1745 B R W, rIFN-1 i 4 3 EPC 40 g v] % 7%
Mx1 By £k, BEMH Svev e Hl, HA®

SVCV

(b)

it 8]/h
time

(d

i

24

& 7 rIFN-1 iR SE S

(a) RT-qPCR K&l Mx1 #43% KF 5 (b) 40 BRI 22 50 #75  (c) RT-qPCR K illl SVCV-G [ & il 7K F 5 (d) rIFN-1 T0AL B )5 975 25 3 B 110 =&

Fig.7 Antiviral activity of rIFN-1

(a) detection of the transcription level of Mx1 by RT-qPCR; (b) cytopathic effect (CPE) analysis; (c) detection of the transcription level of SVCV-G by
RT-qPCR; (d) viral titers in the supernatant were determined after rIFN-1 treatment; *. P<0.05; **. P<0.01; ***. P<0.001

[ K P2 % 2 32 /) sponsored by China Society of Fisheries
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1454 KopE o R 44 3%

3 iR

TR HLAPUREE . BUMR A G 08 A
Uifie, TEIF & BP0 5 AR PR L B R
925 1 R A5 LA R AR R R, B,
NI TR T 20 FH T 06 R EE F% B2 VR T o
W 7L S W ) P 3R 38 T R AR S e A5, W IR
IFN-A1 AR & B9 48 9 5 DNA P2 1 1Y 73§ g
e, AT 3 R e R A K peg-
IFN 7] LAFRRAICIE M B 98 8 (HBV) 1942 1™,
R TIMEWPOR T RER A FraFse, o 6
T A4 38 n] LA 3 00 ) 9 25 2 o Dt i 9
R (VHSV)BY & Hil", B & i+ K DrelFN 24
L SVCVAL THNV BIETE" . B4 3 CiIFN-1
HA YL GCRV WG ", F . (Mylopharyngodon
piceus) 1 1 B & belFNb LA K = 54K 4 £ 1)
[ %4t % 3nIFNa F1 3nIFNa2 %f GCRVHI SVCV
HA W PR ERE ", ARSI M EPC i
W ifn-1 FER, JFAREE A% IR B pET-32a-1FN-1,
2 IPTG 15 Y1, 1615 F 14 Transetta 1 %35 2y
3B[kufplGEE, HETREERE, &
afifl, RSP — IFN-1 A EA, FHH &
TR B BT IFN-1 Z g BEpTiR, nl LIRS I 40
ML TR IR P L g5 R /s, rIFN-
1 ARSI POR R A 1 MxD BRIk, JF R
i SVCV /Y& I, U IFN-1 8 B B A K
U BT BE TS E

ARSI H SVCV &Y EPC J5 24 h i T ifn-1
Tk, MERBIFRA™E, SRR —
F, 5 SVCV HEHuTE I IFN F= A4 M 5622, 5 3
BRYL S, RLRs P05 5 RNA, JH0& T UFE1E
00 T MAVS, J3 31 TANK 454 BB 1(TBK1),
PO IRF3/7 55 TR R R XD, SVCV IR
EPC J&, SVCV-N Z& il id [ MAVS F#{I% IFN-1
) E Y SVCV-P & 15 IRF3 35 4+ W R 1k
i IRF3 B R ks />, S ECIFN-1 = w0, IF
R 3 SVCV 1 & ™, ks 2 R W 5L 5 7 il
PRMT6 b 1] LA il TBK1 4~ 5 (9 IRF3/7 $i 4% &
2 SE S B SVCV bk iy 255,

I RTIMBRAGR AR EIIRE, fi2ES
PEAE AN O PKR . 2'5 - B IR TF MR A MU . BT
WHEEA MK EEHALMAEEE S KREA
MHC % %00 2 115 HoAbAE 558 B A 1E, s Bt
g 1 N B, rCIlFN i 3 CIK 7= A4 2 A 3
PKR, Z5puRae ™ # (Cyprinus carpio)lFN-1
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A LAE Sk B PUR R AL Mxl 19 3RIEPY; IRFS/9,
fr36 J2 viperin &8 K 7] 8 75 EPC T & {5718
¥, L RIG-I. ISG15, IRF3/7 & PKR, Mx1 %
IR, FEAR SVCV AYME 35 BE PN, A S0 50 38
i FH fIFN-1 2R (UL, nT R v B R AR
H Mx1 ik, JFEd SVeV Ry & 6l . X4
EPC IFN-1 filt & 8 FEm A = W H . PR TR
il TR AR

H AT A v . A BUIKSE T LA S DNA
JEE T S HT R I ME Y B R T, AR E A
FAEE VAR R HG DR 1 1) SR AR Y. n SVCV-G
EOMEN SR EEOPUR, HH 41 DNA %
AR IE A, i T-TFN-y 15 o B 0 92
99 1 114 B B A2 R0 IR — 2 1) S BE SR Y s R B
1. X R il (Ictalurus punctatus) 1 1L-8 #4) 22 1) 13 K
HEBR B (Streptococcus iniae)DNA F& 1 £ 7155 5
P71 R A S e fR 4P 3, EPC rIFN-1 RER
FHAE S g fh VA A 3 — 05T

EPC FI ¥4 58 Z FOK A S Wi 5, QT 2 i
P} (Iridoviridae) 1Y Yt A7 14 3 1l %% B YK SE 9% B
(epizootic haematopoietic necrosis virus, EHNV), Kt
W 755 5 (European catfish virus, ECV). B 3
(frog virus 3, FV3), iR # Bl (Rhabdoviridae)
B SVCV ., i 25 HY Il I 4 595 % (viral hemor-
rhagic septicemia virus, VHSV), f&4eVEis ML 4% B
YRAE SR % 7% (infectious hematopoietic necrosis virus,
THNV) J2 % RNA Ji5 # F} (Birnaviridae) i) 2 Jrs £
5 BF (doctor fish virus, DFV) 1 IPNV, J&#f57 7K
A B B I S RE AR SIE5G AR A5 1Y rIFN-1
Ko ifill & By BT mT H T oK AR S e R A S Bom
HLEEF 5T .

£ 22 Y #k (References):

[1] Robertsen B. The interferon system of teleost fish[J].
Fish & Shellfish Immunology, 2006, 20(2): 172-191.

[2] Isaacs A, Lindenmann J. Virus interference. 1. The inter-
feron[J]. Proceedings of the Royal Society-B: Biological
Sciences, 1957, 147(927): 258-267.

[3] Samuel C E. Antiviral actions of interferons[J]. Clinical
Microbiology Reviews, 2001, 14(4): 778-809.

[4] Zhou Y Z, Jiang N, Fan Y D, et al. Identification,
expression profiles and antiviral activities of a type I IFN
from gibel carp Carassius auratus gibelio[]]. Fish &
Shellfish Immunology, 2019, 91: 78-86.

[5] DingY, AoJ Q, Huang X H, ef al. Identification of two

HHE K 7% 23240 sponsored by China Society of Fisheries


http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
http://dx.doi.org/10.1128/CMR.14.4.778-809.2001
https://www.china-fishery.cn

9

A, AR BORAR DR RO AN ifn-1 SR B3R 3A KB I 1455

(6]

[7]

[10]

[11]

[12]

[13]

[14]

subgroups of type I IFNs in perciforme fish large yellow
croaker Larimichthys crocea provides novel insights into
function and regulation of fish type I IFNs[J]. Frontiers
in Immunology, 2016, 7: 343.

Fijan N, Sulimanovi¢ D, Bearzotti M, et al. Some prop-
erties of the Epithelioma papulosum cyprini (EPC) cell
line from carp cyprinus carpio[J]. Annales de 1’ Institut
Pasteur / Virologie, 1983, 134(2): 207-220.

Holopainen R, Tapiovaara H, Honkanen J. Expression
analysis of immune response genes in fish epithelial cells
following ranavirus Fish & Shellfish
Immunology, 2012, 32(6): 1095-1105.

infection[J].

Lopez A, Fernandez-Alonso M, Rocha A, et al. Trans-
fection of epithelioma papulosum cyprini (EPC) carp
cells[J]. Biotechnology Letters, 2001, 23(6): 481-487.
Liu LY, Zhu B B, Wu S S, et al. Spring viraemia of carp
virus  induces autophagy for viral
replication[J]. Cellular Microbiology, 2015, 17(4): 595-
605.

Kim H J, Cho J K, Hwang H K, ef al. Establishment and

necessary

characterization of the epithelioma papulosum cyprini
(EPC) cell line persistently infected with infectious pan-
creatic necrosis virus (IPNV), an aquabirnavirus[J].
Journal of Microbiology, 2012, 50(5): 821-826.

BUSCHE, KBS, ST, 25 AT [ 23R e T/ LT
JUUP 0 B o 2R 0k K HL BT A% etk i I A B SR SR T
TE PR INT]. SR 5 R R, 2018, 40(07): 76-80.
Wei WY, Zhu L, Wang K Y, et al. Expression of rain-
bow trout type I interferon e7 in fathead minnow cell
line and its anti-virus activity assay[J]. Chinese Journal
of Preventive Veterinary Medicine, 2018, 40(07): 76-
80(in Chinese).

JAMEAT, H 5, TH B, 45, TEN-LE N £ 8405 4 5 25
DNAJE i e 71 1K) 4 92 280 BB 7 0], o 8 R k27
2019, 49(7): 841-846.

Zhou Y H, Tian Z C, Yu R M, et al. Immune effect of
IFN-A1 as adjuvant for Japanese encephalitis virus DNA
vaccine[J]. Chinese Veterinary Science, 2019, 49(7): 841-
846(in Chinese).

Zhou Y, Yan R, Ru G Q, et al. Pegylated-interferon con-
solidation treatment versus nucleos(t)ide analogue con-
solidation treatment in non-cirrhotic hepatitis B patients
with hepatitis B e antigen seroconversion: an open-label
pilot trial[J]. Hepatology International, 2019, 13(4): 422-
430.

Chaves-Pozo E, Zou J, Secombes C J, et al. The rain-

bow trout (Oncorhynchus mykiss) interferon response in

I

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

the ovary[J]. Molecular Immunology, 2010, 47(9): 1757-
1764.

Wang L, Wang L, Zhang H X, et al. In vitro effects of
recombinant zebrafish IFN on spring viremia of carp
virus and infectious hematopoietic necrosis virus[J].
Journal of Interferon & Cytokine Research, 2006, 26(4):
256-259.

Feng X L, SuJ G, Yang C R, et al. Molecular character-
izations of grass carp (Ctenopharyngodon idella) TBK1
gene and its roles in regulating IFN-I pathway[J]. Devel-
opmental & Comparative Immunology, 2014, 45(2): 278-
290.

Wu H, Liu L Q, Wu S Z, ef al. IFNb of black carp func-
tions importantly in host innate immune response as an
antiviral cytokine[J]. Fish & Shellfish Immunology,
2018, 74: 1-9.

Yan J, Peng L Z, Li Y, et al. IFNa of triploid hybrid of
gold fish and allotetraploid is an antiviral cytokine
against SVCV and GCRV[J]. Fish & Shellfish Immuno-
logy, 2016, 54: 529-536.

Yan J, Peng L Z, Chi M D, et al. IFNa2 of triploid
hybrid of gold fish and allotetraploid is an intracellular
antiviral cytokine against SVCV and GCRV[J]]. Fish &
Shellfish Immunology, 2017, 62: 238-246.

Feng H, Zhang Y B, Zhang Q M, et al. Zebrafish IRF1
regulates IFN antiviral response through binding to
IFNe1 and IFN@3 promoters downstream of MyD88 sig-
naling[J]. Journal of Immunology, 2015, 194(3): 1225-
1238.

LuLF, Li S, Lu X B, et al. Spring viremia of carp virus
N protein suppresses fish IFN¢1 production by targeting
the mitochondrial antiviral signaling protein[J]. The
Journal of Immunology, 2016, 196(9): 3744-3753.

Li S, Lu L F, Wang Z X, et al. The P protein of spring
viremia of carp virus negatively regulates the fish inter-
feron response by inhibiting the kinase activity of TANK-
binding kinase 1[J]. Journal of Virology, 2016, 90(23):
10728-10737.

Jiang Y Y, Liu L Q, Yang S S, et al. Black carp PRMT6
inhibits TBKI1-IRF3/7 signaling during the antiviral
innate immune activation[J]. Fish & Shellfish Immuno-
logy, 2019, 93: 108-115.

Stetson D B, Medzhitov R. Type I interferons in host
defense[J]. Immunity, 2006, 25(3): 373-381.

Sun C G, LiuY, Hu Y S, ef al. Gigl and Gig2 homologs
(CiGigl and CiGig2) from grass carp (Ctenopharyngodon
idella) display good antiviral activities in an IFN-inde-

https://www.china-fishery.cn


http://dx.doi.org/10.1016/S0769-2617(83)80060-4
http://dx.doi.org/10.1016/S0769-2617(83)80060-4
http://dx.doi.org/10.1023/A:1010393723002
http://dx.doi.org/10.1111/cmi.12387
http://dx.doi.org/10.1007/s12275-012-2364-2
http://dx.doi.org/10.1007/s12072-019-09957-0
http://dx.doi.org/10.1016/j.molimm.2010.02.030
http://dx.doi.org/10.4049/jimmunol.1402415
http://dx.doi.org/10.4049/jimmunol.1502038
http://dx.doi.org/10.4049/jimmunol.1502038
http://dx.doi.org/10.1128/JVI.01381-16
http://dx.doi.org/10.1016/j.immuni.2006.08.007
http://dx.doi.org/10.1016/S0769-2617(83)80060-4
http://dx.doi.org/10.1016/S0769-2617(83)80060-4
http://dx.doi.org/10.1023/A:1010393723002
http://dx.doi.org/10.1111/cmi.12387
http://dx.doi.org/10.1007/s12275-012-2364-2
http://dx.doi.org/10.1007/s12072-019-09957-0
http://dx.doi.org/10.1016/j.molimm.2010.02.030
http://dx.doi.org/10.4049/jimmunol.1402415
http://dx.doi.org/10.4049/jimmunol.1502038
http://dx.doi.org/10.4049/jimmunol.1502038
http://dx.doi.org/10.1128/JVI.01381-16
http://dx.doi.org/10.1016/j.immuni.2006.08.007
http://dx.doi.org/10.1016/S0769-2617(83)80060-4
http://dx.doi.org/10.1016/S0769-2617(83)80060-4
http://dx.doi.org/10.1023/A:1010393723002
http://dx.doi.org/10.1111/cmi.12387
http://dx.doi.org/10.1007/s12275-012-2364-2
http://dx.doi.org/10.1007/s12072-019-09957-0
http://dx.doi.org/10.1016/j.molimm.2010.02.030
http://dx.doi.org/10.4049/jimmunol.1402415
http://dx.doi.org/10.4049/jimmunol.1502038
http://dx.doi.org/10.4049/jimmunol.1502038
http://dx.doi.org/10.1128/JVI.01381-16
http://dx.doi.org/10.1016/j.immuni.2006.08.007
http://dx.doi.org/10.1016/S0769-2617(83)80060-4
http://dx.doi.org/10.1016/S0769-2617(83)80060-4
http://dx.doi.org/10.1023/A:1010393723002
http://dx.doi.org/10.1111/cmi.12387
http://dx.doi.org/10.1007/s12275-012-2364-2
http://dx.doi.org/10.1007/s12072-019-09957-0
http://dx.doi.org/10.1016/j.molimm.2010.02.030
http://dx.doi.org/10.4049/jimmunol.1402415
http://dx.doi.org/10.4049/jimmunol.1502038
http://dx.doi.org/10.4049/jimmunol.1502038
http://dx.doi.org/10.1128/JVI.01381-16
http://dx.doi.org/10.1016/j.immuni.2006.08.007
https://www.china-fishery.cn

1456 KopE o R 44 3%

pendent pathway[J]. Developmental & Comparative logy, 2019, 84: 876-884.

Immunology, 2013, 41(4): 477-483. [31] WangF, Jiao H Q, Liu W M, et al. The antiviral mech-
[26]  Kitao Y, Kono T, Korenaga H, er al. Characterization anism of viperin and its splice variant in spring viremia

and expression analysis of type I interferon in common of carp virus infected fathead minnow cells[J]. Fish &

carp Cyprinus carpio L.[J]. Molecular Immunology, Shellfish Immunology, 2019, 86: 805-813.

2009, 46(13): 2548-2556. [321 . A SURMIL-S FEPR O TERE  F2ids s 1 1 7
[27] Wei X X, Jia P, Tong G X, et al. Effect of common carp MONESE [D]. s POl k2, 2015,

(Cyprinus carpio) TLR9 overexpression on the expres- Long B. Cloning, expression and effects of vaccine

sion of downstream interferon-associated immune factor .
adjuvant of Ictalurus punctatus channel catfish /L-8[D].

mRNAs in epithelioma papulosum cyprini cells[J]. . . o .
Chengdu: Sichuan Agriculture University, 2015(in
Chinese).

[33] Kanellos T, Sylvester I D, D’Mello F, et al. DNA vac-

Veterinary Immunology and Immunopathology, 2016,
170: 47-53.

[28] Kim M S, Shin M J, Kim K H. Increase of viral hemor-
cination can protect Cyprinus carpio against spring vir-

aemia of carp virus[J]. Vaccine, 2006, 24(23): 4927-
4933,

rhagic septicemia virus growth by knockout of IRF9

gene in Epithelioma papulosum cyprini cells[J]. Fish &
Shellfish Immunology, 2018, 83: 443-448.

[29] AiKT,LuoK, XiaL H, et al. Functional characterization (34] TR KT, EAF, S5 SRI-IFN-yfF Ay B B0 2

A% TR B 0 G AR R B ROR B L)), P R B 2 &

s

of interferon regulatory factor 5 and its role in the innate

antiviral immune response[J]. Fish & Shellfish Immuno- 2016, 50(8): 9-15.

logy, 2018, 72: 31-36. Yu H, Zhang R X, Wang H, ef a/. Immune effect of carp
[30] Chen B, Huo S T, Liu W M, et al. Fish-specific fin- I-IFN-y as koi herpesvirus nucleic acid vaccine

TRIM FTR36 triggers IFN pathway and mediates inhibi- adjuvants[J]. Chinese Journal of Veterinary Drug, 2016,

tion of viral replication[J]. Fish & Shellfish Immuno- 50(8): 9-15(in Chinese).

Expression and antiviral activity of ifn-1 gene in
epithelioma papulosum cyprini cells of Pimephales promelas

SUNJie'!, GUO Yana', DAICaijiao', CHEN Xiaoxuan', LILijuan', YUAN Junfa"”

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China,
2. Hubei Engineering Research Center for Aquatic Animal Diseases Control and Prevention, Wuhan 430070, China)

Abstract: To clone Type I interferon (IFN-1) from epithelioma papulosum cyprini cells (EPC) of Pimephales pro-
melas, the ifn-1 gene was amplified from EPC by RT-PCR, and the recombinant plasmid of pET-32a-IFN-1 was
constructed and transformed into the host strain Transetta for expression. Sequence analysis showed that the cod-
ing region of ifn-1 gene was 552 bp in length and encoded 184 amino acids, which was closely related to grass carp
interferon 1(CilFN1). Recombinant soluble IFN-1 (rIFN-1) was induced in Transetta by IPTG and obtained by Ni-
affinity purification. Then, anti-rIFN-1 polyclonal antibody was prepared by immunizing New Zealand white rab-
bits with rIFN-1 and could be used to detect endogenous IFN-1 in EPC cells. Quantitative PCR showed that the
antiviral protein Mx1 was induced and spring viremia of carp virus (SVCV) replication as well as the production of
cytopathic effect (CPE) was significantly inhibited when EPC was pre-incubated with rIFN-1, which indicated that
rIFN-1 possessed antiviral activity in EPC cells.
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