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[1o-14] IFN-y (Deg yF/R, 1) ,
, PCR
, 35 :94°C 5 min
IFN-y , ;94°C 30s,66C 30, 72°C 1 min,
PCR Poly I.C 7 ;94C 30s,64C 30s,72°C 1 min,
IFN-y , 18 ; 72°C 10 min PCR
1 uL PCR ,
, PCR 35
1 IFN-y cDNA ,
1.1 RNA cDNA IFN-y 1.2%
(Epinephelus coioides) , ,
400 g, , 2 1.3
2, 3 PBS NCBI(http://www.ncbi.
(pH 7.4), 2.5 mg Poly I:C/kg BW; nlm.nih.gov/blast) BLAST ;
Poly I:C  PBS(pH 7.4) , EXPASY (http://web.expasy.
200 pL 24 h org/translate/)  Translate
Trizol(Invitrogen) SignalP3.0(http://www.cbs.dtu.dk/ ser-
RNA RNA vices/SignalP/)

Dnase (Takara) ,
SMART cDNA Synthesis Kit(Clontech)

PSIRED(http://bioinf.cs. ucl.ac. uk/psipred/)
CLUSTAL W 2.0

cDNA MEGAA4.0 (Neighbor-Joining,
1.2 IFN-y cDNA NJ) , 1 000 bootstraps
IFN-y
F1 KBEHERASINFES
Tab.1 Primers used in the study
primer sequence (5'-3") application
Deg yF SMGGASATGAACARRACC
Deg YR GARCTCGCCTCCYCGWA cloning for the internal fragments

RACE_y3Fout

ACCGCCAGCAATGGTGAGG

RACE_vy3Fin TGACGGACCTGAGGAAACACC
RACE_y5Rout GCTGCCACCTCACCATTGCT
RACE_vy5Rin GCCTCCATCTTGGTGGTCAGTG
v_Intron1F ATGAACAGAACCATCCAGAACCT
y_IntronlR CATCTTGGTGGTCAGTGGTTCTC
v_Intron2F GAGAACCACTGACCACCAAGATG
y_Intron2R CTGCCACCTCACCATTGCT
v_Intron3F TGACGGACCTGAGGAAACACC
v_Intron3R CTCTGATGAGTTTTGACCCTGC
Ex_yF GAACCACTGACCACCAAGATG
Ex_yR GATGAGTTTTGACCCTGCGTG
ActinF GAGAGGGAAATCGTGCGTGA
ActinR CATACCGAGGAAGGAAGGCTG

cloning for the 5" and 3’ ends

cloning for the intronic sequences

expression analysis




1.4 RT-PCR IFN-y
IFN-y
Ex yF  Ex_yR, f-actin
pMD-18T ,
, PCR

PCR  iQ™ SYBR Green Super Mix
(Cat. 170-8882 AP, Bio-rad) CFX96 ™

Real-Time System(Bio-rad) , :
94°C 2 min; 94°C 155, 60°C 205, 72°C 30
S, 76°C, 40 ; 712°C 5
min, 3
IFN-y
p-actin ,  p-actin
#] , t
(P <0.05)
2
2.1 IFN-y cDNA
IFN-y ¢cDNA(GenBank
JX013936) 876 bp, 603 bp,
200 , 503
168 bp 108 bp IFN-y 5104 bp
IFN-y , 4
3 ( Intron 1, 1 081 bp; In-
tron 2, 2 713 bp; Intron 3, 707 bp)
40 24 89 47 (D
2.2
IFN-y
IFN-y ,
32.5% 39% IFN-y
38.0% 68.5%, i (Oryzias latipes)IFN-y
IFN-y rel
42.8% 53.9% IFN-y C
IFN-y (IWV]-QX-[K/Q]-
A-X2-E-[L/F]-X2-[1/V]) (Nuclear

localization site, NLS)(  2)

271
120 72 267 144
B rouper [Ny
1081 2713 707
120 72 273 138
E—B— - Bl medaka IFNy
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- B fugulFNy
234 836 417
120 72 234 130
tetraodon IFNy
119 537 331

zebrafish IFNy rel

stickleback IFNy rel
440 116 304
129 78 204 147
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415 178 1200
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chicken IFNy
1829 355 643
114 69 183 135
—i- . human [FNy
1242 95 2425
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—i—--—. mouse IFNy
1194 87 2358
1 IFN-y IFN-y

Fig. 1 Comparative analysis in gene structure of IFN-y in
vertebrates
Exons are expressed as black boxes, and introns as lines. The
size of exons is indicated above the boxes in bp, and the size of
introns below the lines also in bp. The length of exons indicated
as black boxes and of introns indicated as straight line is
proportional to their bp sizes, but the concave lines
are non-proportional.
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A
——————— MVATVRAVICLC----LWLSVCQVRDSHIP---------QEMNRTIQNLLQHY
———————— MTAQNTMAFFWGVCLLTSGWMTYGEASVP——-------ENLDKSIDELKAYY
———————— MIAQNMTTFFWGVCLLTSGWATYSEASVP---------ENLDKSTDELKAYY
———————— MIAQHMMGFAWGVCLLFSGWMTYSEASVP---—------ENLDKSIEELKAYY
——————— MDVLSRAVMCFCLMGWMTLGWSNAAQYTS——-----—--INMKRNIDKLKVHY
——————— MVTMATAVVGWC----LCLAVCHVRGSYTP---------VEMNKTTQNLLGHY
——————— MMMMALMKVILC--—-LWLTVTGVSASYVP---------QEMNKTIQNLLQHY
—————————— MS—----PLCLLFLLGAVGTSQASFQFIS--------QMLKKDHEVVAHAL
—————————— MS----PLCLLFLLGAVGTSQASFQFIS-~~-----QMLKKDHEVVAHAL
QTAVSCPEVIMSQSGASLCPLVLLVLLGGAMASAIFK----~-----~ KENDHEL TVNML

—————— MDSCLKMV--LLCGLLWIASLQTTSAYRFRRSRSEN----PILNTNIEKLKTHY
****** MDSWLNMM--LLCGLLLTASLQTTNAFRFRRSKSEM-—--THLETNIHSLQEHY
—————— MYCWLNMVH-LICALLLIVSLQGTVGARLPQSQNDKEQMLKNLREKTIEPLQKHY
—————— MYCRLNMVY-LICALLLIVSLQGTVGARLPQSQKDKEQMLKNVREKIESLQKHY

77777777 MKYTSYILAFQXCIVLGSLGCYCQDPYVK-—---------——-EAENLKKYF

77777777 MNATHCTLALQ-LFLMAVSGCYCHGTVIE--------------SLESLNNYF

77777777 MTCQTYNLFVLSVIMIYYGHTASSLNLVQ-----------LQDDIDKLKADF
B ' C o

RISTKDRFNGKPVFSRE----PLTTKMEAKRVFMGGVLEAYEKLLGEMLK--PTPSPQVT
ITKDDHELHNAHPVFLRALKDLKVNLEEPEQNLLMSIIMDTYSRIFTRMEN-=~~~----~
IKDDHETHNAHPVFLRVLKDLKVNLEEPEQNLLMSTIMDTYSRIFTRMEN--=-----—-
TKEDSQLHNAHPIFLRILKDLKVNLEESEQNLLMSIVMDTYSRIFTRMQN--=-----—-
KISKDQLFNGNPVFP-——--- KDTFEDSEQRVLMSVVLDVYLSIFSQMLN-———-——-—-
TITNKELFDGKPIFSKE----PLSGNLQAEMIYMSATLQTYDKILNQMLKELPTPGP--~
KIPLVERFNGNPVFPKD----SMDGNVEMKMIFMHGVLETYEDLIGHMLKQLPTASPPLG
KLTQVE-FIAGPLFSSVIRNVNSSCQRRDDVQMMSTTLDVYDRIFSSIQKQKEQQDQADT
KLTQVE-FIAGPLFSSVIRNVNSSCQRRDDVQMMSTTLDVYDRIFSSIQKQKEQQDQADT
GLKEKE-VGGKPLFGSVIKSINTSCQRK--VLVMNATLNVYSKIFSTVLQTEQHGRAGVH
NTLAKD-WVGKSVFVSHLDQLNSKPTCTCQAVLLEGMLSIYEDIFQDMMNKSDNKE----
KTRGTE-WVSKSVFVPHLNQLNSKASCTCQALLLERMLNIYEELFQDMK -~ SEHKE-~-~
HTTDKE-WFGKSVLLSHLHQLNSKASCTCQSLLLDRMLNITETILQDLRGKAENEE---—
HTTGTE-WFGKSVLSSHLHQLNSKASCTCQSLLLDSMLNITETIFQDMRGKAENEE---—
NAGHSDVADNGTLFLGILKNWKEESDRK---IMQSQIVSFYFKLFKNFKD-—~~-~-~--~
NSSGIDVEEK-SLFLDTWRNWQKDGDMK---TLQSQTTSFYLRLFEVLKD-----—---—--
NSSHSDVADGGPIIVEKLKNWTERNEKR---TILSQIVSMYLEMLENTDK--====---~

D E

GNNQLPAS----- AGTASNGEVAAGGDLRKQLSYLLKKVTDLRKHRYN-EREKVLQGLRD
********************* DSLDEATKERLAHVQEHLKKLKENYFPGKSAELKTYAET
********************* DSLDEATKERTAHVQEHLKKLRENYFPGKSAELKTYAET
********************* DSVDEATKERLAHVQEHLKKLQESYFPGKSAELRTYAET
********************* QTGDQEVRERLDQVKGKVQETQKHYFLGRVPELRTHLQN
—————————————— TTAQSSGDKGTAELRSQLNYILKKITNLRIQHYN-KPEQLLKMLQP
SNQDKPAS----- PGTSNDDAAPVKADVRSKLMYILEKIQFLKTHRYQ-EQEKLLHRLQN
—————————————— LLSQVPPSQ-RSEVESALQHLQQRMKTL-KGKLKQMNEKREEELDR
************** LLSQVPPSQ-RSEVESALQHLQQRMKTL-KGKLKQMNEKREEELDR
—————————————— LLDKLKSELERKKVRSALESLKQEMEEQ-SRHLGQLNLDREDVLSK
——————————————————————————— VRDDLKKVIHEVKNL-KHKYNEEH-KLWRELQD
*************************** GRKDLDHLMDEVKKL-RGNYKEEH-KVWKELQE
*************************** TKTRLTDVMTEVKIL-RHKYSEEQ-KVWRELQD
*************************** TKTSLRDVMTEVKML-RHKYSEEQ-KVWRELQD
**************************** DQSIQKSVETIKEDMNVKFFNSNKKKRDDFEK
**************************** NQAISNNISVIESHLITTFFSNSKAKKDAFMS
*************************** SKPHIKHISEELYTL--KNNLPDGVKKVKDIMD

F
LKDIQMGDPITQSKALWELPWLYEEASSLSN---IQRHRRRRRRQTRRVKTHQRA-~
LWATKEDDPVIQRKALFELKRVYREATQLRN----LKNKERRRRQAKITKKQKS—-~—
LWATKEDDPVIQRKALFELKRVYREATLLKN----LKNKERRRRQAKNTKNLKS---—
LWATKENDPIVQRKALFELKRVYREATLLKN--—-LKNKERKRRQAKASRSKSLNRG
LWAIKTSDTTVQGKALSEFITIYEKASKLAHEIHLKKDINRRKRRQAQRLKSHIM- -~
LREVQFNNAVIQSKALWELIKVYREASSLPNK--LEKRIRRRRRRQTQMSIRAIM---
LKKIQMDNRTVQSKALWELPQLFEKASSLAD----NTMRRRRIRRQAR-NRMRLKA--

LKTIEVDDVLVQKKALAQFKAVYQAASLIGHCGHALSD———r———————-————--
LKTIEVDDVLVQKKALAQFKAVYQAASLIGHCGHALSD—=--=-—--------—-—-
LGDTKVEDTLDQRKALAEFKEVYQATD=——=——=——=——————omoom oo
THSVKAKNGTTQERALNDFLKVYYRASTEKRHLHMS - —=-—---—=-—-—-——--—-
MNSVKVKNGTTRGGALNDFLMVFDRASTEK-HKKVQ-———————————————————-
THSVEVKNGTNQKGALNSFLILYDLAY-==-—===== === - —mmm oo oo oo
THSVEVNNGKIQKGALNSFLILYDLAY--—--—----—oooo-——=——= —————- -

LTNYSVTDLNVQRKATIHELIQVMAELSPAAK- - -TGKRKRPQMLFRGRRASQ-———
TAKFEVNNPQVQRQAFNELIRVVHQLLPESS----LRKRKRPRC---------———-
LAKLPMNDLRIQRKAANELFSILQKLVDPPS---FKR BQRRCNC-———--—--—-
IFN-y IFN-y
a- (A-F) . IFN-y

Fig. 2 Alignment of IFN-y from grouper and those of other teleosts
The similar residues are indicated with dots and colons. The a-helices (A-F) of IFN-y are indicated by the solid lines above the

alignment. The IFN-y signature motif is highlighted in gray and the nuclear localization site are boxed.
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98 [ C. carpio IFN-y1
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— 78 I_— C. carpio IFN-y rel
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3 IFN
bootstrap . GenBank : IFN-y1 CAJ51088.1; IFN-y ACG68885.1;
IFN-y NP_998029.1; IFN-y2 CAJ51089.1; 4 IFN-y1 NP_001187231.1; 4l TFN-y2 NP_001187263.1;
IFN-y2 NP_001153976.1; IFN-y1 NP_001153975.1; fifi IFN-y CAE82301.2; fifi IFN-y CAF95605.1;
il TEN-y rel AAZ40504.1; IFN-y rel ACN56578.1; IFN-y rel NP_001018629.1; IFN-y rel CAJ98867.1;

IFN-y rel ACV41807.1.
Fig. 3 Phylogenetic analysis of teleost fish type IFN molecules

Bootstrap values are indicated at nodes. GenBank accession numbers are as follows: C. carpio IFN-yl CAJ51088.1; C. auratus IFN-y
ACG68885.1; D. rerio IFN-y NP_998029.1; C. carpio IFN-y2 CAJ51089.1; I. punctatus IFN-yl NP_001187231.1; I. punctatus
IFN-y2 NP_001187263.1; O. mykiss IFN-y2 NP_001153976.1; O. mykiss IFN-yl NP_001153975.1; T. rubripes CAE82301.

2; T nigroviridis CAF95605.1; I. punctatus IFN-y rel AAZ40504.1; C. idella ACN56578.1; D. rerio NP_001018629.1;

C. carpio CAJ98867.1; C. auratus ACV41807.1.
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IFN-y Fig. 4 Real-time PCR analysis in expression of IFN-y fol-
lowing the Poly I:C stimulation in orange-spotted grouper
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ing significantly difference with control at P < 0.05.
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Molecular characterization and expression of interferon gamma
(IFN-vy) in orange-spotted grouper (Epinephelus coioides)

HUANG Bei', CHEN Shannan', Huang Wenshu?, NIE Pin'

1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China;
2. College of Fisheries, Jimei University, Xiamen 361021, China

Abstract: IFN-y is a type interferon that plays an important role in both innate and cell-mediated immune re-
sponses. Because of the low similarity with their mammalian homologues, IFN-vy in teleost fish has only recently
been identified. In this study, the cDNA sequence encoding the IFN-y molecule was cloned from the or-
ange-spotted grouper, Epinephelus coioides, and its gene organization was revealed. Its expression in response to
Poly I:C stimulation was also examined. The IFN-y cDNA sequence consists of 867 bp, which encodes a putative
protein of 200 amino acids. The gene is 5-kb long and contains four exons, which are comparable in size with
IFN-y genes in other vertebrates. This IFN-y was only 32.5%—-39% similar to its counterparts in higher vertebrates
and 38.0%-68.5% similar to those in other teleost fish. Sequence analysis revealed that the IFN-y in the or-
ange-spotted grouper contains the typical IFN-y motif and a conserved nuclear localization site in the C-terminal
end and displays an alpha-helix structure similar to mammalian IFN-y. Real time PCR analysis results showed that
the expression of IFN-y increased in the thymus, head kidney, spleen, kidney, skin, and gills following the poly 1:C
stimulation, indicating its role against viruses in orange-spotted grouper.
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