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1 Y P & I 2% B YR FE NG 404 RE b, R A
RIKFN7.43%, 1% O A ) S gkt 5 5 1Y
R R 2

ARSI LT S TFN-y2 R X 52, DR A% 2 ik
RohilEMAE N, S /ECHSE-21440 L T xf
HYTIHENVE G PE ST, 2 J5 F I Real-time
PCRI7 ¥ I 5 rtlFN-y2 50 2 T 8 J5 1 dF12 d TR %
HH IR B Fak BB, LA AT WL ST et IFN-y2 42
FE R N, e JE I E SR S 1 dAI2 d rtIFN-y2
X UT S HTTHN VIR YL (g £ 4 g o AR S IR T 4%
Sk 4 TG (AT 68 TFN-y 250 THN VIS P A B0, M
M ok K Ji 1A B s B 1 R0 B A2 R R AL T
OBLIEASES I

1 MBSk
1.1 SCIG#t R
S¥rd fREER St i B VT KRR T

B A K R A IR R, RS g

FH. BA L F THNV . KR fa
JE 16 20 ffl CHSE-214 . KA FF A DHSa. Rosettad’]

EFKH RNA$E B & F Promegaly
A 77 s DNATEBEBE R A1 USRI BTk /)N i 2 B
B & RARE AR (b ) A R A | 72
DNA Marker, M-MLV 5 #45¢ i . rTag DNAR S
lif . pMDI1S8T simpleZ& & . BR &l Py U0 .
PrimeScript™ RT Master Mix, SYBR® Premix Ex
Taq™ II (Tli RNaseH Plus)ity [ 5 44 TR (K 3%E)
ARRAF

1.2 BHERFEMRERRIEFRNAEE

AR FE T B, R T K JE B R ECK L
AT T2 10%FBSHIMEMS: F2 5L, V5 28 N A
i 1K J5 2270 umf) JE JE ] (Fisher Scientific/A 7] 7™ i)
U8, 25 ng/mLAYAE Y Il BE 2 R4 h)E SRR
RNA, LI5I4#0ligo (dT)18HEFT [ k5%, 3545
cDNAZE — 45k, 2% B &I EIFN-y2 7 51
(Genbank: FM864345.1), &3t T 1 rtIFN-y2)
LRI, L#E5IY: 5'-ATCGGATCCGCT
CAGTACACATCAATTAAC-3'(FRIZ =N
BamH 1 BYIN: £2), TG4 : 5-GACAAGCTT
TTACATGATGTGTGATTTGAG-3'( F Xk fiw
J Hind L EEYI7 45), PCRIZ N 2514 K94 °CTiAS P
7 min, 94 °C7A5PE30s, 55°CiBA30s, 72 °CHEff

30s, H25MEME, FFREIT72 CCALEH10 min,
BN REEE I M B 3N B, 5pMDIST
simpleZk i, b KIAFTF W DHSa, #4458 I 1Y)
B R A AR A FIE AT o R B P
fiti BamH | F1Hind 1Y) F B BORL, 5 11T 3R 4%
Hiy R B, H5UHI M pET32a88k 1A 16 °Cif 2
o, #AL KB EDHSa, FJHPCR. BREITE
PR LI D7) S ) B 2 R A T E

1.3 MAEEENRERRIERXSH

A Ak A 5 20 Uk pET32a-rtIEN-y2 1) K T
I Rosetta“F- A I Bk B 7% T 7 100 ug/mL AMP
A5 mL LBE;FRHE P, 37 °C, 220 r/miniZ % 15 37
MR, WHRSREFREY LI - 100 622 F0 T
100 mL LB&; 35 3, 220 r/miniZ 7% 85 35 £ ODfH
i£%10.6~0.8, JN1 A1 mmol IPTGIESF %A, 4h/a
4000 r/min, 4 °CFE.OUWEFE K, LL/10RI G K
SRR NIPBSEE B AR, 7S AR S o i
FIVLTE, SDS-PAGEZ#T H W& A EIE A

14 BMEENGHUEEN

# AL, DLIE Y (R R &2 1% W (2 mol/L R
% . 0.4 mol/L Tris Base. 1 mmol 2-353:Z. B . 0.5
mmol E AL B A BEH B . 0.5 mmolif 5 AL A B H
K. 10%H M. 10% A, pH 8.0) 78 431k A1 i
RPHUR . JIA3 mLAS 3 (8 mol/L JRZE . 0.1 mmol
NaH,PO,. 0.01 mmol Tris-Cl, pH 8.0), T4 °CT
R o

o BTN A S 27 mLIKE 1)
B, BB, 4°C R E . KH
5000 r/min 4 °C T B5.0>30 min, Ff 155 25 4
., 7EE3 mol/LIR ZHPBSIA W, T4°CT#
12 h, )5 B PR PBSE (71 mol/LAI0
mol/LIRZ), FHET4°CTF#EI2h, B0 E
TR AE T80 °CH H .

1.5 rtIFN-y 2R SMNTIHNVIE 4 B9 E

T-96FL 4 i 4% 33 M rh 1% 72 CHSE-2 1441 il &
BAZ OB A AE LR R AU rtIFN-y2 L 100 pLAY &
MA96fLAR H, AR E SN E S, HCO,
REFAET, 15 °CA 24 h, FEREFRW, PIA100
TCID s, THNV (5 # % &£ TCID 50 4.3x10°/0.1
mL), [R 38 37 AN 0 25 A BF A T R 2 R I g
TP X B4, Ak2ed I HAE B T
WL I 3% A0 s A8 1 0, R I X 1R 2 40
HH B S A AN B AR S T PBS YR A A, AL
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A0 1%25 522 YL (0,10 min, 403+ H 30 40 i 728 4
FLE LA S0%40 L5 45 (CPEso) A e 5 T4 %
s B B2 R 1A 1 MR B (U)o
1.6 Real-time PCR#& M EHIFN-y2i5 S &
FTILER

B2 M S I rtIFN=y2 %) LS pe/ B I 5, 8
Tk S S e A, [R]INR ST PBSKTRRZE,
SIFERPESG 1 A2 dERRELE . M. 4
21, FIFHRNA$R BOAR & 42 BOH 2B RNA, 57
BI{R 77 T—80 °CUKAR 5 1 .«

BURRAEMRNA, 47 &, LAl pg il RNA
AR, F]FHPrimeScript™ RT Master Mixi® 5l &
PEAT USRIV, 3Kf5cDNA, 2 I SYBR® Premix
Ex Taq™ II (Tli RNaseH Plus)ix 7 & i 45, FIH
Applied Biosystems 7500, LhB-actindt [N A1E R N
%, RH2 MR E S5 PBSXT BRATA L, SEE
¢ HARIE AT AR L, DL b H O SRR R A
KFZER ., SIPBET I, 20 LRV AR R A 10 uL
SYBR® Premix Ex Tag™ II, 0.8 pL [-3i#51#1(10
pumol/L), 0.8 pL R i#5#(10 pmol/L), 0.4 puL
ROX Reference Dye II (50%), 2 pL cDNAFE A il
6 nLK R X BT /K. WA R95°C30s, T
95°C5s, 60°C34s, IPFIT40MER, RAL
LA e Y 2 o 3 Ok A At e UG YRR S v RN
L EE . PCRy™ W 5 1 B — 14 1 40 Sl AR s 1
A R

% 1 Real-time PCRETF 5|4

Tab.1 Primers used for real-time PCR

Clk7/E S E-7 Gkl

primers gene sequence (5'—3")
IRF-1-F IRF-1 ACACCGACTACTGGTCACTGACAAC
IRF-1-R CAAGAAGTGGGCATGTGATCTGT
IRF-2-F IRF-2 CTGGGCCATTCATACAGGAAAAT
IRF-2-R GCGGAAATTGGCCTTCCA
IFN-I-F IFN-1 AGAATGCCCCAGTCCTTTTCC
IFN-I-R GACTTTGTCCTCAAACTCAGCATCA
IFN-y-F IFN-y GTTGAGGGCCATGGATGTG
IFN-y-R TCCAGCCCATCAAGCAGAA
Mx-F Mx AGCGTCTGGCTGATCAGATT
Mx-R AGCTGCTCGATGTTGTCCTT
B-actin-F B-actin GCCGGCCGCGACCTCACAGACTAC
B-actin-R CGGCCGTGGTGGTGAAGCTGTAAC
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K FH 164 [R)RE Y 7 1k o) i 8 308 47 g, [
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IHNVI i o 3% H WAL iE s & A fa e T 1% Ol
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LR Nk g )

2 4

21 EHRKAEE

DL 2 PHARI S 193k 5 bk B 200 i cDN A Dy #8
MR REME B Th I 4 1 H AR A BE, KR/NZA489
bp, MIFFLEREN, THEITRT I a2 LRy
5% % A — 50, WS E I3 H a5k
B, PCRZSHR B/, FIAR TSI, g
1) S 20 3R S A AR RE B TG H R SE R R B
T LA BE 112 P9 1) 16 BamH TR Hind T[] B 4] ) &
TR, RES TS K /N 5900 bplr) 4 BE
F1489 bpfy H AYFEA F BE, UESE H 4 3Rk ok E
R #

22 FHEEERFTIEASAK

SDS-PAGEZ5 R/, BREH&A MES
2] Jo L Y RosettarE T 47 ' 38.4 kudb A 1 g 1) &
AL, WA AT M A B, KEH
F) 2R I RERS 7E R R 1A R Ge P IE M k(B ik

ke M 1 2 3 4 5

170.0
130.0
70.0
55.0
40.0

35.0
25.0

15.0

10.0

El1 EATEARESHWK
M. FF A TR AR s 1L RIS ST 2. RIEHHE S
JRs 3. RBERE SR A LI 4 RIEHKE SRR
Vs S HALE A MLiL

Fig.1 Expression and purification

M. Protein Marker; 1. total protein before induction; 2. total protein after
induction; 3 the soluble fraction of the transformed E. coli with IPTG
induction; 4. the insoluble fraction of the transformed E. coli with IPTG

induction; 5. the purified recombinant protein



10 3 WO, 4. 2H T WS TFN-y 209 J5 % 3 35 K i THN VI 2 43 7 1589

H2), PARZH S 24 5 B FPTTE#E1 T SDS-
PAGEZF T, 7R 8 20 2 1 32 2 DAL R A48 205R
K(EIL, JkiE4), PSR S Ve . R
Ja, R TSRS W EAE N, BORHEITE
AN Ll (B, VKIES), =4 R A R
Yk T2, SRP AT E S RTE, &
LRI OB B vk fE A EA
e J¥E #5°490.207 mg/mL.,

2.3 rtIFN-y2H1IHNVE M4 A48 )

PUW RS I0 25 SR WoR ,  1EH 40 A X R 4 2
F A K B4, e E PE M G R A AN R 5E A AR
M rtIFN-y240 3 () CHSE-2 1440 Jitd IG5 78 % A (K
2)o K FH B B i B AR rtIEN-y 208 47 b R 470 95 75 5
55 (#13), 0.013 pg/mLE P J5 FrtIFN-y2 % THN VY
8 53.57%, LTI AECHSE-21441 i I
I THNVIE 1 29 96.63x10° U/mg.,

(a) (b) (c)

& 2 FLAZE A rtIFN-y2{K5MNFHI THNVIE B

(a) IEH UM R (o) JWEE X R4 s (c) TP 3 A4 (x100)

Fig.2 Inhibition of rtIFN-y2 on IHNV in CHSE-214 cells

(a) CHSE-214 cells control; (b) ITHNV control; (c) IFN treatment group (x100)

THNVHIHIER /%
inhibition rate of ITHNV
N
S

40 A
30 A
20 A
10 A
0 : :

O APEIL SR
ST FR QQQ

rtlFN-y29K ¥ /(ng/mL)
concentration of rtIlFN-y2

& 3 7ECHSE-21440 08 _t R [EK B B rtIFN-y2%f
THNVE HIEI 15 5
Fig.3 Cytopathic inhibition rate in CHSE-214
pretreated with 4-fold serial dilutions of rtIFN-y2

24 rtIFN-R2(kRAFSEREREST

TE W B rtIFN-y2 L4 FLIHN VI M 1 S Ak -,
AR H real-time PCRJy 3 I % rtIFN-y2 52 22 Ji5 1
dfi2 d, W76 . . JFPIRF-1. IRF-2,
IFN-1., IFN-yFIMx¥% 5% 7K 1 28 A O

5PBSXf MM, 7ERPESG1d, rtIFN-y2
YWREAE S A DS E PIRF- 1Rk KV B3 1,
Hoh DU o 0 B (4.164%); 3K rhIRF-1 4%
52 dRIBAKP 3 T S 1 d(P<0.05), i
FUIT oR B IRF- 176 4005 5 2 36 3k 7K i 35K T %
JEF1R(IF, P<0.01)(El4-a),

5PBSYTHRAAAHLL, FEfRPEfE1d, JHHIRF-2
3 RIKQS57M); AR E P IRF-245 % 52 dk
IEKSF B2 T T S 1 d(P<0.01), i AT
MYIRF-27E P 52 dR KA W E M TR 51 d
(FF, P<0.01)(K4-b).

E5PBSX AL, FEREFL, K.
g A IFN-132 34 W 3 8 (109.52, 277.71,
33.721%), SIRF-1. IRF-2725 kA5 M —3, 10k
B IFN-I7E 5% Jm 2 dii 2/ T 0% f5 1 d(P<0.01)
(Kl 4-c)

5PBSXT AL, FEREFL, KE.
JH HIFN-y 35 W3 1N (6.69 . 2.406%), Wi
IFN-yf¥ L F+0.714%, SIRF-1. IRF-2. IFN-I1Z51k
T —E, Gk B R IFN-y7E e 52 di 3 T
PEJ 1R (P<0.01), TG, HFHIFN-y7E S8 f52 dk
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AR TFRIEE 1 d, HARREP>0.05) (Kl4-d).
5PBSXIMZHAHLL, fEARIEG1d, MxfEk
.M. B 55(197.80, 35.02. 52.614%),
MRS A2 d, kB R MxR ik KFT6
BEZES, EFPMRIRKPFERERRL AR %

B TR 2 d(P<0.01)(Kl4-¢).

Zi b, FEArtIFN-y2 BE S A7 R0 3 & HLIR BT
R RN E P NICE AN ER N TP A% NI IS S = S G
rtIFN-y2 503258 [ e A s B, E AR E , gk
Ja 2 MR PUR BRIR S 22585 TRsE )51 do

Sk e i
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] [ [ 1
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(¢) Mx 40
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[} (5]
?E[(%DISO ﬁ%n
=S 100 | =5 20
2o 2o
"3 e
=50 = 10
0 - - 0
1 2
Gl i RAud

day post immunization

day post immunization

60 1 x
] 50 1 ]
;@Eﬁ 40
L2
=32 20
10 1
T T 0 T T
1 2 1 2
3% fa R Ge3% J5 R4

day post immunization

El4 ®ER1dMN20XE. B FPTFREEXERREKFEN

@+ (b)~ (c)s (d)F1(e). IRF-1. IRF-2. IFN-I. IFN-yHIMx7E k' .

B R RIEKEEL, *P<0.05, **P<0.01

Fig. 4 The kinetic expressions of the IFN related genes in the head kidney, spleen and liver of

rainbow trout after immunization

(a), (b), (c), (d) and (e). Expression change of IRF-1, IRF-2, IFN-I, IFN-y and Mx in head kidney, spleen and liver, *P<0.05, **P<0.01

2.5 rtIFN-y23iIHNVEIRIP DS 4R

BRI | T THNVIE B, e T iR T
YififE2d, R ToEFE4d, B R R
H20%, B BITIETI R N40%; )2 diff
TTIHNVEE B, AT T A3 K, Frst
FdIE14d, BiIGBEITIET-F16.67%, K5
TAdEHIET- R H60%, MAMWEHFILT- RN
80%. PBSXI MR fuAbT-H1f Tk /G2 d, 45K
Todifa14d, BRI RITIETFER20%, il
18 B T- %8 66.67%, FeZe) RitIET- %N
83.33%([&5). S 1 ditk A7 5 T ot B rtIFN-y2
() AR 3 T B B 4 F e J5 2 dath A7 B 0 1 R
P, X — 5 LR PR BT B RS B T
155 DL AH — 2o

90 7 = #EJ5E1 d

30 1 day post immunization
1 = fer)n2 d
> 70 2 daysfgoz;{immunization
o= PBSXf It
O\ A
S £ 604 PBS control
W S
11 E 50 )(
22 40 ] N /
TE 5 ik
82 30
g 20
10 |
0

1 234567 891011121314

THNV Xty Ja R Eud
day post challenge
5 rtIFN-y24 I THNVECRAR 37 1 50 2
Fig.5 Protection of the recombinant rtIFN-y2 against
IHNY in vivo

3 TR

B 5 K = FR AT L VAR R R, O B R 4T
IR FRB L B R W B . R R
REPLEL, A TR B R 1 32 22 1) 4 AT AH B X
R B B 4 2 LY, TR LR R
Jo KA e oL 25 B R e, RAARECR K
HRAEUO3 0 ST T M 88 o P R Rt IFING 1 7 A B
afifb ik, O HORHEE A B TR YE . THNV
oA ST R, JFaeke kY,
S H TR A 6 S A M R 2, i
T4 R BUIHN VT TAE 19 Bz i #h 7860 76 = THN
1) 7 45 H A B A 2 Lo

rtIFN-y 15 rtIFN-y2 ) 53 13 '35 ) 51) 5¢ 45—
B, ST 2 W) B TR e FN-p2 3 I A
TE— & BYMERE , HIRAT & I 4R 15 19 21> B 1
i P R R B AR AR rtIFN-y2(45 SRk R,
—SERRE B RE T rtIEN-y2 7E #2552 S U5 4 5 o)
1Y S e W) AT RE 48 0 AR . A SR AR A
TR RGP I A T EArtIFN-y2, 4 A
)2 Bt Z R RB KRN, BWEA
RIEWBATHEIE RS, X685 KT W R
KRG DA B, WX E AR T s K
SRR AT I T AR AR A A R A 25 1ok T R
W, EME TR A W EANEA, A
ETIREMNI-NTALfL TR, o0\ 22,
8 P 5 O rtIFN-y27E CHSE-214 | Hi IHNVIF M 7] 35
6.63x10° U/mg, X A LUK LA () A% 2 38 R S il
£ ELA T PR I rtIFN-y 24241 T 7 (3R 3 .

P s B R A 1A RO ST R HLIR Y BB
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B YL 1 I8 B LR A B AT rtIFN-y2 S e
fif5, RERs MM IELY . M. P EEER
THBEM LA RS, BOGHUARBUREIRAE
FEIFN-y2 Il )5, IRF-1i59 5 126K P2
FETIRF-2, HIRF-25IRF-11 £k K R 251k
HAGIEARICME, ERIE T X % E f T3 855 A
TRWS 5T TIERFE S8 B X — R 4k
PR RR DI AR UE LA BB 9% OR 15 A 3500 XA
BT FER A o SBE R AN TR B e R R
BHEAEZS, AAEVORTERESAAE S E by
RTF PR, P BRIEN-E R (7175 50K F B 2%
TS B R Z A, H Al 3K PR 3 3k 7K 7 1 B
BART LB AAF . IFN-yRERS IS U TR H 5
4y FISGF3, MMl S U T E &R, AL
BRI, rtIFN-y2 R 2% S TIFN-1IA )1 Kk,
T IFN-y %) 35 KF W ZARAR £, X iff — 25 3B
rtIFN-y2 7 & # B BUG 25 800 32 B =K FEIFN-1K
HEAT, SATEEIFN-y LR T B4R R dL 4
PE I SR B9 5 2 A0 e 10 FF 905 2 36 1 A — 30
MxEHZETHRAETH EBEYRFERYEA,
T a2 M PR ) 3 263k, L RE 0% R 40 il 48 (16 R
[FZKSF- P B Re 7, (EA RN, Rk
Ja2 B P ERMxEE A, A L PR Y AR B R
T RERLd, HXIFRREOL MR B KT
PE— AR, MRS 1 A2 dI A MocE (R Y %
KR FEES, BFPMxREAHEET
R o ik . RPN ER E & B BTIFN-y7E I IR
N AT R R A R E Y, R TR AT T R
f) HE ZH rtIFN-y2 2 40, & 64 2H & R A 25 i il 5 &
F, AHEABE N FEE, SEAMESRIEA
[ 7%, rtlFN-y27E A, BRI /Ny
T A, HFRE ST I LA SR G R A o
Heth, FECREGE X HLATE BA R0 1) rtlFN-y2
B 25 G0 88 S BsF [) 4 S i 17 32 A0 08 D, Xkt S 3
T T 2RO TR RS S R R
PEJG2 dRIKKPAR TR T dRE L. BRI,
TR AR A5 ) A 2 S 2 AMLAAR B 40 TR S 5
THEERE1d,
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Prokaryotic expression and antiviral activity against infectious hematopoietic
necrosis virus (IHNV) of the recombinant IFN-y2 of
rainbow trout (Oncorhynchus mykiss)

CAO Yongsheng ', XU Liming ', ZHAO Jingzhuang ', LIU Miao', ZHANG Qiya’, LU Tongyan'"
(1. Heilongjiang River Fishery Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: In order to evaluate the antiviral activity against IHNV of rainbow trout IFN-y2, the target gene (471 bp)
was successfully amplified from the cultured primary head kidney leucocyte cultures which had been stimulated by
PHA using the primers which were designed based on the NCBI reference sequence. Then, the gene was inserted
into the pET32a vector and was expressed in E.coli Rosetta. The result of SDS-PAGE showed that the recombinant
protein was successfully expressed in the inclusion bodies, which was about 38.4 ku. The recombinant protein
could be simply purified by just washing two times. The antiviral ability of the refolding protein was evaluated in
CHSE-214 cells. The activity of rtIFN-y2 against IHNV was 6.63x10° U/mg. Based on this, the rainbow trout were
injected with rtIFN-y2. The results of real-time PCR indicated that rtIFN-y2 was potent to induce the comparable
levels of IRF-1, IRF-2, IFN-I, IFN-y and Mx transcription in head kidney, spleen and liver. Generally, the antiviral
state on day 1 post immunization was stronger than that on day 2 post immunization. In addition, its protection
against IHNV was 40% and 80% when the challenge was on day 1 and day 2 post immunization, which was
closely correlated with the kinetic profile of the antiviral state. In conclusion, our study here showed that the rtIFN-
v2 of rainbow trout with the activity was successfully produced in the prokaryotic expression system. Furthermore,
the rtIFN-y2 could elicit the ideal antiviral state and provide the subsequent protection against IHNV.

Key words: IFN-y2 of Oncorhynchus mykiss; prokaryotic expression; antiviral activity against IHNV; antiviral
state; protection
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