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, TNF-a mRNA ayu-HO080701 ( ,2009) pGEX-4T-3
(Xiao et al, 2007); (grass LPS (Escherichia coli 055: BS)  poly(I:
carp reovirus, GCRV) , TNF-o0 mRNA 0] Sigma ( ) pMDI19-T Simple Vector
, GCRV RNAiso T, DNA AMV Ex
TNF-0 mRNA (Wang et al, 2013); Tag DNA BamH1 EcoR1, SYBR Premix
R TNF-a Ex Taq TaKaRa ( )
(Zou et al, 2003), ECL ,
(Carassius auratus)TNF-a X-OMAT BT (
, ) SDS-PAGE
(Grayfer et al, 2008) ( ),
, TNF-a Fermentas ( )
Omega () (
(Plecoglossus altivelis), , IgG)
; «C )
; C )
s 1.2 PaTNF-a cDNA
, Illumina HiSeq 2000
, R / s PaTNF-a
( , 2009) cDNA , PCR
s , SignalP 4.1 (http: //www.cbs.dtu.dk/
s services/SignalP/) ; TMHMM
, Server v. 2.0 (http: //www.cbs.dtu.dk/servicessTMHMM/)
TNF-a ; ClustalW (http: //
TNF-o (PaTNF-0) ’ clustalw.ddbj.nig.ac.jp/) ; MEGA
¢cDNA ’ 6.0 (Tamura et al, 2013)
’ 1
PaTNF-o mRNA 1.3 /
(lipopolysaccharide, LPS) 0.03% (V/7) ’
poly(I: C) / PaTNF-a ’ 140 ’
mRNA ; PaTNF-a RPMI1640 ;
, / , ; Ficoll
PaTNF-a (2000 r/min, 25 min), /
PaTNF-a R 2% RPMI1640
2, 2% RPMI1640
, 107
1 cells/mL, 2 mL 24°C 5%
1.1 CO; , PBS ,
(20—30g) 10% RPMI1640
, , 95%
, (20+1) °C / (Lu et al, 2013)
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Tab.1 Sequences used for multiple alignment and phylogenetic tree construction
NM_000594 Homo sapiens human
EF070393 Pseudosciaena crocea large yellow croaker
JP740414 Plecoglossus altivelis ayu
NM_212859 Danio rerio zebrafish
HQ696609 Ctenopharyngodon idella grass carp
AJ311800 Cyprinus carpio common carp
DQ070246 Dicentrarchus labrax European seabass
AJ417565 Ictalurus punctatus il channel catfish
KC771269 Carassius carassius crucian carp
NM_001037985 Takifugu rubripes fil tiger pufferfish
EF079662 Salmo salar Atlantic salmon
HE798147 Oncorhynchus mykiss rainbow trout
HQO011926 Epinephelus coioides orange-spotted grouper
1.4 =70°C
Lam  (2011) PBS ,
, 2 75% , (multiplicity of infection, MOI) 10: 1
1.0 mL , / R 4 8 12 24h
PBS 70% / R
Ficoll/ (PBS) ,500 g 30 min,
15.0 mL R 1.7 qRT-PCR
PBS, 500 g 20 min , 2, (2011) RNA
PBS . 95% cDNA qRT-PCR
TNF-o cDNA , PaTNF-a test (+):
1.5 5'-ACATGGGAGCT GTGTTCCTC-3" PaTNF-a test (-):
5'-GCAAACACACCGAAAAAGGT-3/,
(2013) , 115 bp; B-actin cDNA
1.0x10* CFU/ R (AB020884) PaActin2 (+):
, 5-TCGTGCGTGACATCAAGGAG-3" PaActin2 (-):
4 8 12 24 h (hours post infection) 5'-CGCACTTCATGATGCTGTTG-3’,
; 231 bp qRT-PCR 25 uL,
, 4°C , 10 uL  SYBR Premix Ex Tag (2%) 12.5 uL
-70°C cDNA 0.5 uL (10 pumol/L)1 pL
1.6 LPS polyd: C) / ABI StepOne PCR ( ABI
) , £ 94°C 180 s ( o1
LPS  poly(: C) 10 ng/mL 40 pg/mL ); 94°C 30 s, 58°C 30 s, 72°C 30 s ( , 40
/ R 4 8 ); 94°C 30 s, 72°C 60 s, 95°C 30 s ( , 1
12 24h , ; ) 3
PBS 3, RNAiso : 27
5 min / R PaTNF-a mRNA (Livak et al, 2001)
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1.8 PaTNF-a JP740414), ORF, 347—350
PaTNF-a (ORF) ATG , 1051—1054
, : pGEX-4T3-PaTNF-a (+): TGA , 235
5'-CGGATCCATGGATACTAATTGCAAAGTAC-3' 26.4 kDa ,
pGEX-4T3-PaTNF-a (-): 5-GGAATTCTCACAGCAA 6.35
ACACACC-3, PaTNF-q.
BamH 1 EcoR 1 ’ INF “[IPDDG
PCR 25 uL, 10xEx Tagq buffer 2.5 pL, IYFVYSQ”’, Cys'¥-
dNTP (2.5 mmol/L) 4.0 uL, cDNA 0.5 pL, Cys'®! 72 Thr 73 Leu TNF-a
(10 pmol/L) 1 pL, Ex Tag DNA 0.25 uL, (TNF-a converting enzyme, TACE) ,
ddH,O 15.75 uL Mastercycler pro 34—56

PCR ( Eppendorf ) ,
94°C 120 s; 30 2 94°C
58°C 30s, 72°C 60 s; 72°C
EcoR' 1  BamH 1 s
pGEX-
pGEX-4T-3-PaTNF-a
BL21 pLys E
SDS-PAGE ,

30 s,

10 min

4T3,

, IPTG ,
G-250
pGEX-4T-3-PaTNF-o/BL21  IPTG ,
5%—20% , 0.25 mol/L KCI
10 min, ICR
1, 3 1 3

, —70°C
1.9 Western blot

Bradford (Bradford, 1976),
Western blot /
SDS-PAGE
(polyvinylidene fluoride,
PVDF
PBS-T) 4°C , 1:
), 37°C

(2011)

PVDF) ,
( 5%

500 PaTNF-a (

2 h, PBS-T 1: 1000 HRP-

1gG( ), 37°C 1 h, PBS-T ECL
, Quantity One

2

2.1 PaTNF-o ¢cDNA

PaTNF-a cDNA 1932 bp (GenBank

“WTMWGALLAMALCVSAALFFTWN” (1)
2.2 PaTNF-a

, PaTNF-a TNF-a
(31.2%—53.4%),
TNF-a , 53.4%
TNF-a )
TNF-a ,
TNF-a , TNF-a
(2
2.3 PaTNF-0 mRNA
/ qRT-PCR s
R TNF-oo mRNA
, /
¢ 3 ,
( ),
4 h |,

PaTNF-o mRNA R
2.62 19.52  3.09 (P<0.05); 8h

PaTNF-a mRNA ,12h
, 30.08 11.69 (P<0.05),
8h PaTNF-o mRNA ;
PaTNF-a mRNA 12 h
, 2.20  (P<0.05), 24 h
, ¢ 3
2.4 LPS poly(I: C) /
PaTNF-a mRNA
LPS poly(I: C) /
PaTNF-a mRNA , poly(I: C)
PaTNF-a mRNA 4h
, 2.45 560.28 ,LPS
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1 TNF-a
Fig.1 Multiple alignment of TNF-a amino acid sequences of ayu and other animals
«“ TNF-a o TNF ey TACE S
, >60%, ,
99 common carp PaTNF-a. mRNA (P<0.05); 8h
99 crucian carp
99 zebrafish , LPS poly(I: C) PaTNF-a mRNA
grass carp < .
88 channel catfish 15.89 5.46 544.96 (P<0.05);
4‘—‘: ayu 12h ,LPS PaTNF-o mRNA
98 rainbow trout
100 Atlantic salmon ’ 4.99 365.03
—— tiger pufferfish poly(I: C) (P<0.05); 24 h
orange-spotted grouper
100 : -
WLT:'arge yellow croaker ,LPS  poly(I: C) PaTNF-o mRNA
98 European seabass s PaTNF-o mRNA
human
, 2495 (4
—
0.1 2.5 PaTNF-a
2 NJ TNF-a pGEX-4T-3-PaTNF-a
BL21 pLys E, IPTG s
Fig.2 Phylogenetic tree of the full-length amino acid sequences SDS-PAGE
imals TNF-q usi ighbor-joini thod
of ayu and other animals o using neighbor-joining metho ’ 53.0 kDa ’
1000 s
0% ; (52.7kDa)  ( 5a) ,

0.1
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Fig.4 qRT-PCR analysis of PaTNF-a transcripts in ayu moncytes/macrophages upon LPS, poly(I: C) and V. anguillarum infection

TNF-a  B-actin mRNA PaTNF-o mRNA , % (P<0.05) (n=4)
PaTNF-a Western blot, / PaTNF-a
, PaTNF-a , PaTNF-a
, (  6b), PaTNF-a ,4h PaTNF-a
18 kDa, 520 ,8h ,
34.7 kDa, 8.4kDa( 5b) 13.22 , 12 24 h
2.6 / , 12.55 11.55  (
PaTNF-a 6a) / ,
Western blot PaTNF-a s 12h ,
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292 , 24h ,
1.92 ( 6b) / PaTNF-a
) cDNA , PaTNF-a
a
TNF
kDa M NC 4 5 6
97.4 B8 9 "IIIPDDGIYFVYSQ", TNF-a
66.2 , 53.4% ,
- TNF-a s TNF-a
43.0
Western blot ,
310 . PaTNF-a 18 kDa
' — PaTNF-a  TACE
Lu et al , TACE
20.1 / PaTNF-a
H g G
~P (Lu et al, 2015) , TACE
- TNF-a (Horiuchi et al, 2010; Lu et al, 2015)

144 W
, PaATNF-a mRNA
5 PaTNF-a

Fig.5 Prokaryotic expression of PaTNF-o and the detection of

>

(Savan et al, 2004)

its antiserum >

a: SDS-PAGE PaTNF-q , G-250 f5(Latris lineata) (Covello et al, 2009)
M: (kDa); 1: BL21 plys E, IPTG ; , ,
2: pGEX-4T-3-PaTNF-o/BL21 plys E, IPTG ; 3: PaTNF-a TNF-a ,
; b: Western blot PaTNF-a R .
ECL NC: a4 5. 6 TNF-a (Hirono et
/ al, 2000; Zhang et al, 2012; Wang et al, 2013)
3 (Aeromonas hydrophila)
TNF-a mRNA 12h 24 h
TNF-a , 2.1 , 48 h (2.24 ), TNF-a
a b
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Fig.6 Western blot analysis of PaTNF-a in ayu serum and monocytes/macrophage supernatant after V. anguillarum infection

a: PaTNF-o Western blot ;b / PaTNF-a Western blot

*; (P<0.05) (n=3)
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100 4 (Zanuzzo et al, 2015)
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2003) (Zhang et al, 2012; Wang et al, 2013) > 3205):
492—498
» poly(I: ©) 8h Bradford M M, 1976. A rapid and sensitive method for the
, TNF-a mRNA 61 GCRV quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem, 72(1—2):
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(Wang et al, 2013); , LPS  poly(l: C) Covello J M, Bird S, Morrison R N et al, 2009. Cloning and
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TNF-a mRNA ’ pro-inflammatory cytokines, TNF-o, IL-1f and IL-8, in
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MOLECULAR CLONING, CHARACTERISATION AND IMMUNE-RELATED
EXPRESSION OF TUMOR NECROSIS FACTOR a (TNF-a) GENE IN AYU
PLECOGLOSSUS ALTIVELIS

YANG Zhi-Jing, LI Chang-Hong, ZHANG Hao, MIAO Liang, CHEN Jiong
(Laboratory of Biochemistry and Molecular Biology, School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract Tumor necrosis factor alpha (TNF-a) is a member of TNF superfamily, playing an important role in fighting
against bacteria and viruses infection in animals. We obtained and studied that of ayu Plecoglossus altivelis, known as
TNF-a (PaTNF-0) gene, with de novo transcriptome sequencing of ayu monocytes/macrophages. The full-length of cDNA
sequence of the gene was 1932 nucleotides, containing a large open reading frame that encoded 235 amino acids, and the
molecular mass was deduced for 26.4 kDa. The multiple sequence alignment of complete amino acid sequences indicates
that PaTNF-a possessed the TNF family signature motifs, a protease cleavage site, and a conserved disulfide bond.
PaTNF-o shared the highest amino acid sequence identity (53.4%) with that of rainbow trout (Oncorhynchus mykiss).
Phylogenetic tree analysis also confirmed that PaTNF-a fell into the fish TNF-a cluster and was most closely related to that
of rainbow trout. Quantitative real-time PCR (qRT-PCR) analysis showed that PaATNF-a mRNA had the highest expression
level in head kidney of healthy ayu. Upon Vibrio anguillarum infection, PaATNF-o transcripts upregulated significantly in
the liver, spleen, head kidney, and peripheral blood leucocytes (PBLs). Upon lipopolysaccharide (LPS), poly (I: C), or V.
anguillarum infection, PaTNF-a transcripts upregulated remarkably in ayu monocytes/macrophages. The mature peptide of
PaTNF-a was overexpressed and the antiserum against PATNF-o was prepared. The Western blot assay demonstrated that
PaTNF-o increased obviously in ayu serum and monocyte/macrophage culture supernatant that infected with V.
anguillarum. Therefore, the relationship between PaTNF-a expression and pathogen infection is close, which may provide
a theoretical basis for studying the functions of fish TNF-a and mechanisms of regulating fish immune response to
pathogens.

Key words TNF-a; Plecoglossus altivelis; Vibrio anguillarum; monocyte/macrophage; expression



