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I IFN-y B3R Z0 475 30720

H B IFN-y 193 58 & 76 3 5 £f1 (Danio rerio) .
WT 8 (Oncorhynchus mykiss)., %L (Ctenopharyn-
godon idella). 4 4 (Carassius auratus). K PG ¥
fi: (Salmo salar) S f A iliAT TRIL IR R, X
ZFPUNTE . e EE R — ) s AR
TEMT S rh, TFN-y Al HUR TR (Mx . Viperin
ISG15) 25 I F i cxC11 # ik, I HAEW 1k
AN ] 4 4 55 3 1L 55 B (spring viraemia of carp
virus, SVCV) A2l 5 s T 5 20 TFN-y nl 2
1 iR 2% 2 AL [C O (Edwardsiella tarda) J3% e 2F
(Paralichthys olivaceus) WIA£{ % , (AL HAK/EH
BLH AN IE AR, i T AR R B fa Y A, XF
HCIFN-y I RETF R AEATIR AT

52 4 % rp AR AR TFN-y T . OO 3 Y e
PEPHIEAE AT T I e, Rl 1 rh4g
3 R WE PR RE SR (Mx . Viperin). CXCL FK %
CXCL11-L1, CXCL11-L2 & [K R 25 55 55 1 E 35
B (SVCV)G. P. N3INEREMEE, DL RAEI
B 4E T IFN-y XF W& /K S H 0 B (deromonas hydro-
phila). T E] P2 SR BE (A intemedia) F1 4 G S
FA R (A. veronii) W ZEVHEEAER, W IR A f#
Br A6 IFN-y 2E 9 Dy g $ B AR B o

1 MRS A

1.1 LM

FRAEEER [ R VTR P ST BT R 3 3 RN ) 5
Hi4E4 TFN-y cDAN J3:51] (GenBank: MH645437.1);
ARG AR . EPC 40 . C43 KInHT i %
BN A LI E /A7 AR IK TR pTRI-st-
IFNg 1 H GENEWIZ 23 v , 8 25 95 5 Il 4 5 7
F A T RN R 2 X 2 R BT 5 v K AR
B RD P A R % E ER SRR B el YK
FEWFIE T K 5 IR U M B 1) R AR v oy s M
1.2 ELARKI pTRI-st-IFNg fUdE (L 54 F

¥ H GENEWIZ 2\ w5140 Jioky pTRI-st-IFNg
1:10 % A BL21 JE&Z S Wbk, WS %G T&
AR HEHERMN LB AR FE 12~14 h, BREURETE
EMT AT TEZNBRA LB 3754, 37°C
PR 535 4 h, HU1 uL 17 PCR %55 . F PCR 4%
FE R P B B 1) 7 6 N /Y

1.3 EHFEH pTRI-st-IFNg HIiE S RIAG 41k
W % Ry B P BRI R A T S mL & &R
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FHENWA LB, 37°CRIGH I BX 450, 52
IS A S IPTG 249K ¥ K 1 mmol/L, *f
WA AR INESH, 37 °C 220 v/min J& % 15 55 4 h,
4°C, 12000 r/min &>, WHETLTE, #B75 B,
SDS-PAGE Hi, ik Fl Western blotting 732871 H 1 H .
B AT 1 mL £ Western blotting % 7& ) &
N AT 100 mL % &N & R WA K LB B
FRET, FER R L, WE LRI,
535 SDS-PAGE HLUK AT FI 4, &)
M4 HIS hR25 2 1 25 falifb i) & i i B xd i
WE A Tl
14 EHEE

R #E BCA Protein Quantification Kit BCA 45 H
e eI g R B, W B R

1.5 IFN-y Xt AE63 'S AR 200 R T iff e R E E
HIEE1EF

g A AN MR T 6 LRz, fF
21 T B B0 ) PR 2 I S, SE A i A EE A
P IFN-y =AM R 100 ng/mL, X FE 4 Jin A
PBS, 4kZl#Es%; srdldE 1. 8, 24 M 48 h i}, 3
RigeRe, A 1 mL TRIzoL VAWK, ZiRFHE 5 min,
W £E F JC RNA fiff EP 4, $2HUE RNA, qPCR
FEER ., RESFHET IR 1,

1.6 IFN-y %S EPC B4 SCVC FHFEHIE
M3 IE

¥ EPC 40 i 70 T 6 fLA, FRIE A8
BRI 5 SEER AN A F 4R 1 IFN-y B4
e FE A 100 ng/mL, XF ML AN A PBS, 4k&:H: 3%
2h, FEEEFI, PBSIEVE 2~3 KJG, WM A2 4
i B2 ) SCVC i B H AN &% 1L 3 F1 3L HT DMEM
NI, BT M B 2 A di vk B SR e 4 i, 4k
SEEEFE 2 h, KEINEERR BRI AL 2% FBS ) DMEM
iR sk, dRSERRIRIF MBI AN ; TF 12, 24,
36 148 h B}, FF#EFRHEE, JNA 1 mL TRIzoL K,
% E 5 min, W8 T JC RNA i EP 4 h, 42
B RNA, gqPCR & & A,

1.7 IFN-y X 45 S & 15 7E A i 3iE

B AR 4 B ORI R K S L
Vi) 777 A B T R A A0 BRI TR 43 0 3% 5% 2 ODgoo=
0.6 I, WZHL 200 pL 3] 96 FLARHY, SZI2H TR N
W B 100 ng/mL Y TFN-y 2 [, Xt 1B 20 45 A
FRFLE PBS, B T 37 °C I F4a4ksitse, 1
1. 6. 8, 12, 24 136 h i 435 ODg 1H
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Tab.1 Nucleotide sequences of primers

GBIk FFHI(5-3")
primers sequence (5'-3")
ASMx-qF/R GGAATAGCCAGAAATCCAGTGGGA/GTTTCGTTAGCACAGCCAGAGTTC

ASViperin-qF/R
ASB-actin-qF/R
CXCLI11-L1-qF/R
CXCLI11-L2-qF/R
SCVC-G-qF/R
SCVC-N-qF/R
SCVC-P-gF/R

B-actin-qF/R

TAAAAGACTCSGGCATGGAGAAG/GACACTGCCAAAATGTCCAGGTA

CCTTCTTGGGTATGGAATCTTGC/CAGAGTATTTACGCTCAGGTGGG

CATCCTGTGCCTTGCTGTCTT/ACTTGGATTTGGGATTCAGGC

GCACTTACCCTGCTTCTTGTACTG/CTCTTGACCCACGGTGATTTG

GCTACATCGCATTCCTTTTGC/GCTGAATTACAGGTTGCCATGAT

AACAGCGCGTCTTACATGC/CTAAGGCGTAAGCCATCAGC

TGAGGAGGAATGGGAATCAG/AGCTGACTGTCGGGAGATGT

GCTATGTGGCTCTTGACTTCGA/CCGTCAGGCAGCTCATAGCT

2 4

2.1 HAEE] IFN-y EEMREZFRIER AL

W5 A 45 41 JFORL pTRI-st-IFNg 5% A BL21
KIGHAT R S TG 5%, INAZUREE S 1 mmol/L
) IPTG T 37 °C /M5 T, BRI BE
HEIRAM, KN4 N 1917 ku, 25 HARR T
A BAR R B A (K1)

HHABEAKBEFRRE, MEEOERE,
W FEWORIVE AT S AR S, B
HH EEO AR L (8 2-a); SRJE S HIS AR

w M 1 2 3

180
130

95
72
55

43

34

26

17

(@)

25 35 F1 R A Al AR R & Ud B B B R sk
frafifl, MR AiEH IFN-y S H, 2
#3d superdex7s il FAE4iftl, PEEHMER, W
10 uL #£47 Western blotting %55, 2%y I fg H. B —
(I 2-b), F| FH Bradford 3% % &, W A 0.998
mg/mL,
2.2 IFN-y X HESEMMATHFRERERDN
VEEIER

T B TEN-y 25 1 6 A6 0 20 1 o
P e e 2 B BAT A, W ) 100

M 4 5 6
—
-
—
-

| —

=

‘“"""‘*-"'

(b)

& 1 IFN-y /N215 5 SDS-PAGE H k1 Western blotting 53 4
(a) IFN-y /N & 1% 5 SDS-PAGE %5 1, M. 180 protein marker; 1. il IPTG #5 S 41; 2. S0 IPTG Ki%E S 4 : 3. A IPTG T #H A E. (b)
IFN-y /N &% 5§ Western blotting £5 ', 4. Z#H A, 5. KiFEFU; 6. 5341

Fig.1 SDS-PAGE electrophoresis and Western blotting analysis of small amount of IFN-y induction

(a) result of small amount of SDS-PAGE induced by IFN-y: M. 180 protein marker; 1. induced group with IPTG added; 2. non-induced group without

IPTG added; 3. no IPTG empty vector control was added. (b) Western blotting results of small amount of IFN-y induction: 4. empty vector control; 5.

uninduced group; 6. induced group
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1542 KoOoE ¥ 44 %
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(a) (b)

E2 IFNyEEERAAMEESH L
(@ IFN-y EAFEAAAEE L EE R, 1L OREITIRRIES R, 2. LIEWRIES R, (b) IFN-y & [ 41k Iz Western blotting % 5 45 5

Fig. 2 Soluble identification and purification of IFN-y recombinant protein

(a) the results of soluble identification of IFN-y recombinant protein were as follows: 1. the precipitation expression of inclusion body; 2. the expression

of supernatant. (b) Purification and identification of IFN - y protein by Western blotting
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i A S A 2 S R I 4 i) A Y X R A S 5 2
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Mx Fl Viperin W) 323K 7E 1~48 h AR 52 81 i 35
B, HAE S h AR, 435 L T 91 A
49 ff%; CXCL K, CXCL11-L1 1F 24 h i} ik 5|
W&l , CXCL11-L2 1F 48 h i iA | Ws(E , 43591 34
T 29 F126 1%
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4 38 JiF
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X 100 IXEN controlI
= I -y
@E 80 |
xS
260t
g 20 1
B o
SEAREN
=z 10} :
5 5
[5) L
0 LD

1 8 24 48
B [E] /h

time

(@

9% IFN-y 2 4 X} SCVC 9 85 2 5 H A HEAE AR H .
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B Y EPC 4 fild . Z5 R Wos L FXF R4, K
FH TFN-y &b B 2 76 24 F1 48 h 24 H 300 & 10 9% 28
N (CPE), ALFRZ 24 h A H P 58 (0906 A8 50007
48 h it B o 22 800 (B 5); 43 il AE 12, 24,
36 1 48 h Wit 4R 4t A I 38 3k 9 't % I e vk A U
SCVCIS#HMPHEMH. GENH . NEHMEIL,
gl ST O R4 E I S SE W E R T B o I e O
HIPL S, REFRL S5 RAC A AL, SVCV IR
P. G. N3 NSRBI T g &0 T (B S), 1
B A8 6] TFN-y 25 1 RE % A 3K SCVC I RE (7
Yt EPC ZH il .

é [ W73 %8 control
& 50 CJIFNy o
I =
5 40
g
&z 304
E § 25 1 sk
Eg 20t
8o 151
2 10}
E 5 u dkk
g2 o Ll= - - I o I
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B[] /h
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3 IFNy iZSPESERMEMAMKTEERE Mx, Viperin F1FRIE

Fig. 3 Expression of antiviral genes Mx and Viperin in kidney cells of the A. sinensis was induced by IFN-y

* P<0.05, ** P<0.01, *** P<0.001, the same below
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Fig. 4 Expression of CXCL11-L1, CXCL11-L2 in CXCL family in kidney cell of
the A. sinensis was induced by IFN-y

2.4 IFN-y SR A RZEIBIEER

T B F A TFN-y 25 %40 7 2 S H
AR EN, S8 A5 B AW A
100 ng/mL fiY TFN-y 2K 1 2 ODg=0.6 1) "g 7K < 5
FELBA L e T A R R A TG B R P R AT
WEE ;A R U AR RARFR ) PBS. 3 il 7E 1.
6. 8. 12, 24 F148 h Bl & ODg fH, 45 EIR,
SRR L, kb B R K S R L ]
7B R TR R A S B T A R B S R
EIVEH (& 6), UL AR TFN-y 2 11 4 i 7K
ACHRRTA ] B M R A GBI B
A — i B R AR VE A

3 v

IFN-y J& T I B TR KM, B —Fh 2 Uik
ML, BABUREE . B R R A
IR, I R KRR AW b B
IR RIS, R RO R 25
LA ) FIPUIR 75 25 W0 19 B 2 Pk I AP0, 6
IFN-y e BV 5 AE H B & Z MRS B HEsh W
(BT ohfa | Grl R Sfh . KV EEE) ik
T T RAMBESE, JCHWEREEN, IFN-y fig
% % T i T G0 R A M BT BRI B E MR GA
(i Mx. Viperin, ISG15, RSAD2%%), I H ek
HPBEAE I G BE [ AR BE ARG BE . B AT
PR EE (GCRV) . i a8 H I Il 95 2 (VHSV)
B 3 1 K BE 9 B (CHNV) 55 138555, 7EBE L)
. RV e A it rp 85 20 TFN-y, ANLREBE K
W15 RS JAK-STAT 5 55@ i, Ik sb
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Xf SVCV. GCRV ¥ 7 W34 58 H AT WHEAE A
HNFE UL B 3R RE 5 ZU M S CXCL11-L1 R 3%
JRUE202263 e RIS AR AR TFN-y B0 22105 PERT
2 R Laing"” Fl Cai® 45 DL &R ¥E F 100 ng/mLi%E T
HFAEEI RN AR 1. 8. 24 F148 h, & FH IFN-y
A S 3 A B A R R T i R O B e I 4 B T
Mx. Viperin Ml CXCL11 % J& W' CXCL11-L1.
CXCL11-L2 MRk . ARG g A A
AR e e iE M, AR R g IR AR AR B
ARG, hAREE N R AR
BRI R IE P, EREECE ARRETILTF
WA B dE IR, BT E IR S A
7 0 B #E Rk, PR LR $R EPC 40 AR R s Al
M, SEAFSE b A TEN-y Xt 75 55 25 1L AE 5 75 1Y
BB TAEAE I, 5 BE D fa R PG PR fE TFN-y 19 45
H—%, BEHINH T SCVC I EES | 1240
RN P, G, N3IANFEF R, UL 4
it IFN-y 2 U2 A B A homs #5067 .

IFN-y B T2 59Um s s, e A4t
FYER o TFN-y 76 15 3240 20 b Jak g v ke o 1) o 22
MYER, BEIEA S — AL A A (INO) JEF %Kik,
Pk NO & B, 1 5 Ho 75 AH OC 48 A 1% 7 W 0% Pk
B AR AL o AN O A RESE s, 75
B /NBUIEN-y J5 . & 30 IEN=y" /N BRG] 2T T4
(Helicobacter pylori) Fl 5. A% 210 i 358 A= Pk 2= 57 45
(Listeria monocytogenes) HUBM: 5, FIFEAESE S
i @ B (IFN-y1/TFN-yrel A1 TFN-y2/IFN-y) I &
AT BE a4l e B G HR R £ QT (Yersinia
ruckeri) JE I BUBAES s 18 JES T S E 40 TFN-y 7]
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i Sk AR L AU H CPE 24 3). *P <0.05, **P<0.01, ***P<0.001

Fig. 5 Results of IFN-y-induced EPC cells against SCVC virus

(a) RT-qPCR detection of SCVC-G expression; (b) RT-qPCR detection of SCVC-P expression; (c) RT-qPCR detection of SCVC-N expression; (d) res-
ults of EPC cell pathology(the arrow represents CPE effect)

P& 75 IR 5 B AR [ (Edwardsiella tarda) 18 Gs F FIKEIR 16 575 BLAMERPIHEEEF, IFN-y °J
BF 1 77 15 Rk 60%, I HAE L JHRIER T IL-18 ZEMKIN TLRO 413 1Y F AR G 28 s o Hh & 454 ™Y,
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Fig. 6 Results of IFN -y protein against A. hydrophila,

A. intermedia and A. veronii
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AR Ol 15 22 B0 25 TFN-y % R 7 1) 441 8 s i A
A RPEWAER, A 68 A2 2] LPS %% 41 1
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Immune regulation role of IFN-y in Acipenser sinensis

ZHENG Chuwen ', YUAN Hanwen', TIAN Guangming', LI Qian’,
ZHANG Shuhuan’>, XU Qiaoging ", WEI Qiwei >
(1. School of Animal Science, Yangtze University, Jingzhou 434020, China,
2. Key Lab of Freshwater Biodiversity Conservation Ministry of Agriculture and Rural Affairs,
Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China)

Abstract: Acipenser sinensis belongs to the cartilaginous fish, which is between the cartilaginous fishes and tele-
ost fishes. It is an important branch point in the evolutionary tree of the biological immune system. It is a living
fossil for the study of the evolution of fish and vertebrates, and plays an extremely important role in the evolution-
ary history of fish and vertebrates. In order to understand the immunomodulatory effect of 4. sinensis IFN-y, [FN-
v sequence was obtained by transcriptome of A. sinensis, the recombinant plasmid of pTRI-st-IFNg was construc-
ted and transformed into the BL21 Escherichia coli for expression and expressed in competent prokaryotic cells.
SDS-PAGE analysis showed that the size of IFN-y recombinant protein was 19.17 ku, and the concentration was
0.998 mg/mL. Quantitative PCR showed that the antiviral genes Mx, Viperin, CXCL11-L1,CXCL11-L2 (CXC
subfamily of chemokines) and antiviral protein Epithelioma papulosum cyprini cells (EPC) P,N,G were induced,
which indicated that IFN-A activated antiviral activity. Additionally, spring viremia of carp virus (SVCV) replica-
tion as well as the production of cytopathic effect (CPE) was significantly inhibited. Results of incubation with
Aeromonas hydrophila, A. intermedia and A. veronii showed a significant inhibition on their growth and activity.
In conclusion, this study provides partial theory for the understanding of IFN-y bioactivity in 4. sinensis.
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