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　　Abstract　　By supp ression subt ractive hybridization , rapid am plif icat ion of cDNA ends and gene walking methods , interferon stim-

ulated genes(ISGs), Viperin and ISG15 , and their promoters have been cloned and characterized f rom snakehead Channa argus.The

Viperin cDNA w as found to be 1474 nt and contain an open reading frame(ORF)of 1059 nt that t ranslates into a putative pept ide of 352

amino acid(aa).The putative peptide of Viperin show s high ident ity to that in teleost s and mammals except for the N-terminal 70 aa.The

ISG15 cDNA w as found to be 758 nt and contain an ORF of 468 nt that t ranslates into a putative peptide of 155 aa.T he putative peptide
of ISG15 is composed of tw o tandem repeats of ubiqui tin-like(UBL)domains , and a canonical conjugation motif(LRGG)at C-terminal.

Viperin and ISG15 promoter regions were characterized by the presence of interferon st imulating response elements(ISRE)andγ-IFN ac-
t ivation sites(GAS).ISRE is a feature of IFN-induced gene promoter and part ially overlaps interferon regulatory factor (IRF)1 and

IRF2 recognition si tes.GAS is responsible for theγ-IFN mediated t ranscription.One conserved site for NF-κB w as found in the promoter

region of Viperin.This is the first report of conservative binding mot if for NF-κB in accordance wi th the consensus sequence (GGGRN-
NYYCC)among teleost ISG promoters.Moreover , there w ere also TATA , CAAT and Sp1 transcript ion factor si tes in Viperin and

ISG15 promoters.In 5′unt ranslated region(UTR), snakehead ISG15 gene contains a single int ron , w hich di ffers from Viperin gene.
The t ranscripts of Vipeirn and ISG15 mRNA were mainly expressed in head kidney , posterior kidney , spleen and gill.The expression lev-

els in liver w ere found to increase obviously in response to induction by IFN-inducer poly I∶C.
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　　The interferons(IFNs)are a family of cytokines
that share the ability to produce an antiviral state in

cells by inducing expression of interferon stimulated

genes (ISGs)
[ 1 ,2]

.The earliest antiviral response of
the host is nonspecif ic.Thus , IFN-mediated ant iviral
defense is able to respond during the early stages of a

vi ral infection , and this response provides some de-
g ree of protect ion until the specific immune defense is

able to establish.At present , IFN-like activity has

been detected in cells and organs of rainbow trout

(Oncorhynchus mykiss), carp (Cyprinus carpio),
sea bass (Lateolabrax japonicus ) and several

salmonids after viral infection or treatment w ith dou-

ble-stranded RNA (dsRNA)
[ 3—5]

.IFN molecules

have been cloned and characterized f rom zebrafish

(Danio rerio), Atlant ic salmon (Salmo salar)and

channel catfish (Ictalurus punctatus ) since

2003
[ 6—8]

.Significant prog ress has been made in iso-

lating virally induced genes
[ 9 , 10]

.Several ISGs , such

as Mx1 , Mx2 and Mx3
[ 11—13]

, Vig-1
[ 14]

and

Vig2
[ 15]

, have also been identified in fish.

Viperin was identified recently as a group of an-

tiviral pro teins which can be induced by vi rus and in-

terferon
[ 14 ,16 , 17]

.The Viperin homologues have been

found in crucian carp (Carassius auratus), rainbow

trout and mandarin fish (S iniperca chuatsi)
[ 10 , 14 ,18]

.
The expression of rainbow trout Vig-1 could be in-
duced by viral haemorrhagic septicemia virus

(VHSV)
[ 14]

.The stable expression of Viperin in f i-
broblast could reduce 90% of human cytomegalovirus

(HCMV)production , and suppress the expression of

some viral proteins
[ 16]

.Similar to teleost and human

Viperin homologues , mouse mvig could be induced by
vesicular stomat itis vi rus (VSV) and pseudorabies

virus (PRV)
[ 17]

.

ISG15 is among the most highly expressed pro-



teins in mammalian cells af ter viral infection and

treatment w ith IFN-β
[ 19—21]

.The strong and rapid

induction of ISG15 during infection indicates an im-
po rtant role for this pro tein in innate immunity.
ISG15 is composed of two tandem repeats of ubiqui-
tin-like(UBL)domains , and can conjugate to cellular
proteins through its conserved mot if (LRGG).Ex-
tracellular ISG15 displays cytokine-like functions by
inducing IFN-γ in T-cells and stimulating natural

killer cell proliferation
[ 22]

.Several ISG15 o rthologues
have been reported in goldfish (Carassius auratus),
pufferfish (Tak if ugu rubripes), zebrafish and chan-

nel cat fish
[ 9 , 23 ,24]

.The ISG promoters have also been

characterized from rainbow trout Vig2 and

Mx1
[ 15 , 25]

, puf ferf ish Mx
[ 13]

, mandarin fish

Viperin
[ 18]

, goldfish and Atlantic cod (Gadus

morhua)ISG15
[ 23 ,24]

.

The snakehead (Channa argus) is a species

w ith a relatively high economic value in China , but

the diseases caused severe economic losses
[ 26]

.Lit tle
is known about the immune defense mechanism in

snakehead.The present study was perfo rmed to iden-
tify snakehead Viperin and ISG15 genes , and to com-
pare the characteristics of these genes and their pro-
moters w ith other known ISGs.These results w ill

provide new insights into ISGs regulation and thei r

antiviral mechanisms.

1　Materials and methods

1.1　Fish

Snakehead weighing about 250 g w ere purchased

from a local fish market in Wuhan , Hubei Province of
China , and maintained in aquarium (25℃)w ith aer-
ated w ater for one w eek befo re sampling .The tissues
w ere carefully removed and immediately sto red in liq-
uid nit rogen.

1.2　Obtaining of homologous cDNA fragments

Total RNA was ex tracted from head kidney of

snakehead w ith Trizol (Invit rogen) following the

manufacturer' s inst ruction.PolyA
+
RNA was pre-

pared using PolyATract mRNA Isolation Sy stem

(Promega).The isolated mRNA from head kidney in

snakehead stimulated w ith poly I∶C was used as the

tester , and the unstimulated control as the driver.A
subtractive cDNA library w as constructed w ith the

PCR-select cDNA subtraction kit (Clontech ).
Through random screening and sequencing colonies

f rom the subtractive library , several cDNA frag-
ments , which were compiled to about 1251 bp and

570 bp in length , were found to be homologous to

those known Viperin and ISG15 genes.

1.3 　Cloning of Viperin and ISG15 cDNA sequences

by rapid amplif icat ion of cDNA ends (RACE)-PCR

5′RACE , started wi th the full-length cDNA

synthesis using the BD SMART
TM

RACE cDNA Am-
plif ication Kit (Clontech).All primers used are listed
in Table 1 .The first round PCR was performed using

the 5′UPM and Viperin-R1 or ISG15-R1 primers.
The cycling protocol utilized a touchdown method ,
w ith a hot start at 94℃for 2 min , follow ed by 10 cy-
cles of 94℃ 30 sec , 65 ℃ 30 sec , and 72℃ fo r 1

min , w ith the annealing temperature lowering down

1℃ for each cycle;and 25 cycles of 94 ℃ 30 sec ,
55 ℃30 sec , and 72℃ for 1 min , followed by 72℃
fo r 6 min .The second round PCR was carried out

w ith the 5′nested primer and Viperin-R2 or ISG15-
R2 , and 1 μL of the first round PCR mix ture , with a
cycling protocol of 94℃ fo r 2 min , followed by 30

cycles of 94℃30 sec , 57℃30 sec , 72℃1 min , and
an ex tension of 72℃ fo r 6 min.3′RACE , started

w ith reverse t ranscription of PolyA
+

RNA w ith

Adapter-dT17 primer , and the PCR conditions w ere

the same as fo r 5′-RACE using the 3′adapter primer
and Viperin-F or ISG15-F .

Table 1.　Primers used for cloning and expression studies

P rimer Sequence(5′-3′) Application

Viperin-R1 CCAGAGTCTTCGCAGTGTCCA Viperin 5′RACE(first round PCR)

Viperin-R2 GCAGAGTGTCGAGACAGAGCT Viperin 5′RACE(second round PCR)

Viperin-F GCAGAACTCAGGGCAGGAAG Viperin 3′RACE

ISG15-R1 CTGGCCGTTTACAAAGACCAG ISG15 5′RACE(first round PCR)

ISG15-R2 AGTTTGCCCACTGTATCATCTG ISG15 5′RACE(second round PCR)

ISG15-F CGACAGAGGGAGGACAAACG ISG15 3′RACE and expression study

(To be continued)

1426 www .tandf.co.uk/ journals　Progress in Natural Science　Vol.17 No.12　2007



(Continued)

P rimer Sequence(5′-3′) Application

Viperin-P1 CGATGCAGAGTGTCGAGACAGAGCTG Vipeirn genomic walking(first round PCR)

Viperin-P2 GCTTCGGAGACGAGTGCTCATTGGA Viperin genomic walking(second round PCR)

ISG15-P1 TTCAGT TTGCCCACTGTATCATCTGG ISG15 genomic walking(first round PCR)

ISG15-P2 GCGTATGGACTGTGCCAT TCAGCAT ISG15 genomic walking(second round PCR)

Viperin-TF ACTCTGGGCAACGGAAGGAT RT-PCR primer used in expression study

Viperin-TR GGAACGAGGCAGGAAACGCT RT-PCR primer used in expression study

ISG15-TR CGTTCATCATCTCCCGACCA RT-PCR primer used in expression study

β-actin-F CACTGTGCCCATCTACGAG RT-PCR control used in expression

β-actin-R CCATCTCCTGCTCGAAGTC RT-PCR control used in expression

5′UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTA-
TCAACGCAGAGTCTAATACGACTCACTATAGGGC

5′RACE PCR

5′Nested primer AACGCAGAGTACGCGGG 5′RACE PCR

3′Adapter GGCCACGCGTCGACTAGTAC 3′RACE PCR adaptor

Olig o dT adapter GGCCACGCGTCGACTAGTACT 17 Genomic walking adaptor primer 1

AP1 GTAATACGACTCACTATAGGGC First strand cDNA synthesis

AP2 ACTATAGGGCACGCGTGGT Genomic walking adaptor primer 2

1.4　Cloning of Viperin and ISG15 promoters

Genomic DNA was purified from the muscle by

the phenol chlo roform method
[ 27]

.The 5′f lanking

region w as obtained using a genome w alking approach

by constructing genomic libraries with a Universal

Genome Walker
TM

Kit (Clontech).Each of the 2.5
μg genomic DNA was completely digested with

Dra I , EcoRV , Pvu II or StuI in a to tal volume of

100 μL , and four pools of adaptor-lig ated DNA frag-
ments w ere constructed .A pair of primers , Vipein-
P1/Viperin-P2 or ISG15-P1/ ISG15-P2 designed

from the sequences at the 5′end of Viperin o r ISG15
cDNA , and the adaptor primers AP1 and AP2 were

used for priming upstream amplification through two

rounds of PCR.The cycling protocol included a tw o-
step method for long-distance PCR.The primary

PCR was performed w ith a ho t start at 94℃ for 2

min;6 cycles of 94℃for 30 sec , 72℃for 3 min with

the temperature lowing down 1 ℃for each cycle;and
30 cycles of 94℃ 30 sec , 67 ℃ 3 min , followed by

67℃ for 10 min.The secondary PCR was carried out
w ith 1 μL of the fi rst round PCR mix ture under the

conditions of 20 cycles of 94℃for 30 sec and 67 ℃fo r

3 min , followed by 67℃ for 10 min .

1.5　T-cloning , sequencing and database analysis

The PCR products separated on 1.2% agarose

gels w ere cut out , purified(Omega), ligated into the
T-vector (Takara), and used to transform competent

DH-5αcells.Positive colonies were screened by the

method of PCR.All sequences generated w ere used to
search for similarities using BLAST at web servers of

the National Center of Biotechnology Info rmation.
The amino acid sequences w ere translated through

servers of ExPASy.Signal peptide prediction w as fin-
ished through SignalP 3.0 software.Multiple se-
quence alignments and unrooted phylogenetic trees

were const ructed using the ClustalW 1 .8 program and

MEGA version 3.1.The sequences flanking Vipei rn
and ISG15 5′regions were analyzed by TRANSFAC

software for potential t ranscriptional factor binding

sites.

1.6　Expression analysis by RT-PCR

Three snakehead f ish weighing about 250 g w ere

cultured in aquarium w ith aerated w ater for one

week.Total RNA was ex t racted f rom the head kid-
ney , posterior kidney , spleen , intestine , liver , gill ,
heart , brain , skin and muscle , then treated w ith

DNase I , and reverse t ranscribed to cDNA.The cD-
NA templates from three fish were mixed together ,
and 2 μL of which were used for PCR react ion .β-
actin w as used as an internal cont rol.PCR condi tions

were as follow s:94℃ fo r 2 min ;then 28 cycles of

94 ℃30 sec , 57℃30 sec , 72℃1 min (for Viperin)
or 30 sec(fo r ISG15 and β-actin), follow ed by an ex-
tension at 72℃ for 6 min .In addi tion , we performed
a comparative study on 6 snakehead fish.Three w ere
injected int raperitoneally w ith 0.4 mL poly I∶C(Sig-
ma , 5 mg/mL), and the other three injected w ith

phosphate buffer saline (pH 6.8 as the control).Be-
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cause poly I∶C was found to be able to enhance the

ISGs expression in o ther organs except for lymphoid

tissue
[ 18 ,24]

, we selected the liver as the test tissue to
examine the ef fects of Viperin and ISG15 on the ISGs

expression .

2　Results

2.1　Isolation of Viperin and ISG15 cDNA

By screening of subtractive cDNA library , we i-
dentified many expressed sequence tags (EST)which
are homologous to the known mammalian genes criti-
cal for innate immune funct ion , including ant iviral

genes Viperin and ISG15 , and the genes encoding fo r
signal t ransducer and activator of transcription

(STAT), IFN regulatory facto rs (IRFs), Rham-
nose-binding lectin (UBL), majo r histocompatibility
class (MHC)and other immune molecules.With the

obtained 5′RACE and 3′RACE cDNA fragments

and the analysis of overlapping sequences , the compi-
lation of a full-leng th cDNA from the CAP site to the

polyA tail w as achieved , which produced a 1474 bp

Viperin cDNA and a 758 bp ISG15 cDNA fragments

(GenBank accession Nos. AY898793 and

EF067846).Viperin cDNA contains an open reading

frame (ORF)of 1059 bp that translates a putative

peptide of 352 aa , with a 179 nt 5′UTR and a 236

nt 3′ UTR.There is a polyadeny lation signal

(AATAAA)presented 14 nt upstream of the polyA

stretch , and tw o AT TTA sequences in 3′UTR ,
which are characteristic motif s possibly involved in

rapid message degradat ion .ISG15 cDNA contains an

ORF of 468 bp that t ranslates a putative peptide of

155 aa.The 5′UTR is 63 nt in leng th , and 3′UTR
of the transcript is of 227 nt containing three mRNA

instability mot ifs and a polyadeny lation signal at posi-
tion of 23 nt upst ream the polyA tail.

2.2 　Analy sis of Viperin and ISG15 protein se-
quences

The amino acid sequence of snakehead Viperin

shared approximately 71 % identity to Viperin of

g oldf ish , 72% to zebrafish , 75 % to rainbow trout ,
69% to mouse and human (Fig.1).A divergent re-
gion of 70 amino acids w as found at N-terminal.Se-
quence analy sis of the putative peptide presented a

short hydrophobic N-terminal region which consti-
tutes a signal peptide.Three putative N-g lycosylation
sites (at posit ions 112 , 148 and 197)suggest that

snakehead Viperin is a glycoprotein.Similar to Vig-1

in rainbow trout , snakehead Viperin also has an iron-
sulfur motif CNXXCXXC at the posi tio n of 70-182.
The amino acid sequence of snakehead ISG15 has the

homology of 50%, 47%, 25%, 23% with rainbow

trout , goldf ish , mouse and human ISG15 respect ively
(Fig .2).Snakehead ISG15 in the C-terminal retains
Leu-Arg-Gly-Gly (LRGG) amino acids that have

been shown to be critical for the first step in the con-
jugation of ubiquitin to int racellular pro teins.Some
amino acids have been substituted in conserved motif.
European sea bass (Dicentrarchus labrax), killifish
(Misgurnus angui llicaudatus)and o riental weather-
fish (Lucania parva)have substituted the C-termi-

nal Gly wi th Asp or Glu
[ 24]

.In addition , snakehead
ISG15 retains Arg128 which co rresponds to Lys129 of

the human ISG15.The residue is crit ical for the

polymerization of ubiquitin monomers after covalent

lig at ion to int racellular proteins.

Though the result of two phylogenetic trees

(Fig .3)reveals the considerable sequence divergence
among teleosts and mammals , teleost Viperin and

ISG15 are clustered together and they originated f rom

the same ancesto r.Snakehead and mandarin fish

Viperin are fi rst clustered together , and snakehead

Viperin and ISG15 are closely related to those of rain-
bow trout , but far aw ay f rom those of crucian carp

and zebrafish.

2.3 　Promoter region of snakehead Viperin and

ISG15

The sequences of Viperin and ISG15 gene pro-
moters were deposited into GenBank (accession Nos.
EF384270 and EF384271 , respectively).The tran-
scription initiation sites were determined by the full-
length capped cDNAs of Viperin and ISG15.About 3
kb of the snakehead Viperin promoter and its 5′
f lanking region w ere sequenced through genome

w alking (Fig .4 , partial sequence).A TATA box is

located f rom -52 to -55 which may be bound by

TATA binding pept ide (TBP).A CAAT box is lo-
cated f rom -186 to -189 which is believed to deter-
mine the ef ficiency of transcription.Two of the puta-
tive interferon stimulated response element (ISRE)
sites are located betw een -131 and 141 , -150 and

-161.Three γ-IFN activation sites were found be-
tw een -170 and -178 , -322 and -330 , -1158
and -1166.One binding site for the NF-κB tran-
scription facto r w as found between -300 and -309 ,
and one NF-κB like site w as between -326 and

-336.
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Fig.1.　Multiple sequence alignments of snakehead Vipeirn w ith other species Viperin.The identical and similar residues are show n w ith asterisk
(＊)and dot(.)respectively , a divergent region at N-terminal is shown , and three N-glycosylation sites are indicated by arrow s.GenBank acces-
sion Nos.:Human AF442151 , Mouse NM -021384 , Snakehead AY898793 , Rainbow t rout AF076620 , Zebrafish NM -001025556 , C rucian carp

AY303809.
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Fig.2.　M ul tiple sequence alignments of snakehead ISG15 w ith other species ISG15.The identical and similar residues are show n w ith asterisk
(＊)and dot(.)respectively , the C-terminal LRGG amino acids are in the box.GenBank accession Nos.:Human BC009507 , Mouse NM -

015783 , Snakehead EF067846 , Goldf ish AF206323 , Rainbow t rout AF510711.

Fig.3.　Phylogenetic relationships of Viperin and ISG15 protein sequences.The bootst rap confidence values show n at the nodes of the tree are
based on 1000 bootst rap replications.(a)Viperin phylogenetic tree.Accession Nos.:Chimpanzee XM -515283 , Cow NM -001045941 , Red jun-

gle fow l XM -426208 , Orangutan CR858150 , Norw ay rat NM -138881 , Pig NM -213817 , Dog XM -846183 , Chinese perch AY395718.(b)
ISG15 phylogenet ic tree.Accession Nos.:Water buf falo DQ118136 , Sheep NM -001009735 , Chimpanzee XM -520842 , Norw ay rat XM -

216605 , Cow NM -174366 , Dog XM -536714 , Zebrafish XM -682249 , Crucian carp AY303810 and AY303811.

　　In the w hole snakehead ISG15 promo ter and its
5′f lanking region w hich covers about 1 .7 kb , the
putat ive binding sites for TATA , CAAT , NF-κB like

and ISRE were identified (Fig.5).The TATA and

CAAT boxes are located between -45 and -48 ,
-284 and -287 respectively;one of the putative

IS RE site is between -97 and -108 ;three γ-IFN

activation sites are between -357 and -365 , -506
and -514 , -1563 and -1571 , and two NF-κB like
sites are between -587 and -596 , -1142 and

-1151 .In the 5′UTR , snakehead ISG15 gene con-
tains a single int ron , which differs from Viperin

gene.
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Fig.4.　The sequence of snakehead Viperin promoter and its 5′flangking region.GAAA element and it s complement are in g rey , the TATA and

CAAT are boxed , the putat ive binding sites of ISRE and NF-κB are double underlined , GAS si tes are in bold , and the putative binding sites for C-
jun , Sp1 , Oct-1 and C/ EBP alpha are underlined.
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Fig.5.　The sequence of snakehead ISG15 promoter and it s 5′f langking region.GAAA elements and its complement are in grey.The TATA and

CAAT are boxed , the putat ive binding sites of ISRE and NF-κB are double underlined , GAS sites are in bold , and the putative binding si tes for
Sp1 , Pit-1 and C/ EBP alpha are underlined.Int ron is indicated in low ercase w ith consistent gt/at mode.
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2.4　Expression of Viperin and ISG15 genes in

snakehead f ish

The tissue expression pat terns indicated that

snakehead Viperin and ISG15 w ere t ranscribed main-
ly in the head kidney , posterior kidney , spleen , gill ,

less in liver , and litt le in other tissues (Fig.6 (a)).
After intraperi toneal injection with poly I∶C , the ex-
pressions of snakehead Viperin and ISG15 in liver

were found increased approximately 7- and 4.5-fold
respect ively when compared w ith the control fish

(Fig .6(b)).

Fig.6.　Expression profile of Vipeirn and ISG15 in various ti ssues(a), and poly I∶C induced expression in liver(af ter 24 hours , n =3)(b).(a)
HK , head kidney;PK , posterior kidney;Sp, spleen;In , In test ine;Li , liver;Gi , Gill;He , heart;Br , brain;Sk , skin;Mu , muscle.(b)the

expression level is calculated relative to the β-act in.＊ indicates stat istical significance between induced and cont rolled fish.

3　Discussion

Compared with mammals
[ 19 , 28]

, only a few IFN

sy stem genes of teleosts have been isolated and char-

acterized
[ 10 ,23]

.In this study , the suppression sub-
tractive hybridization technique was used fo r screen-
ing the differentially expressed genes in snakehead

fish t reated w ith poly I∶C.Sequencing revealed that
Viperin and ISG15 w ere the most abundant ESTs in

the library.Snakehead Viperin displayed very high

sequence similarity w ith those known mammalian and

teleost Viperin except for 70 aa at the N-terminal ,
which is highly diverse in all Viperin homologues.
The short hydrophobic st retch at the N-terminal of
Viperin does not allow the protein to enter the rough

endoplasmic reticulum (ER)-Golgi pathw ay
[ 14]

.This
suggests that Viperin seems to reside at the cy tosolic

face of the ER , and could be required for the ant iviral
effect through interference w ith t ransport of cri tical

vi ral components , t ransmembrane glycoproteins ,

from the ER to the Golgi
[ 16]

.Existence of the N-gly-
cosylation si tes indicates that snakehead Viperin is a

cellular glycoprotein.The residues 70 —182 are high-
ly homologous among Viperin , MoaA , NIRJ and

Poo III protein families , especially the iron-sulfur mo-

tif CNXXCXXC
[ 29]

, in which the cysteines were

show n to be important to the biological function of

the coordination of a Fe-S cluster.The conservation
of C-terminal indicates that this region is a functional

domain in the non-specific antivi ral response
[ 29]

.

Snakehead ISG15 contains ubiquitin like(UBL)
domains.The conserved C-terminal “ LRGG” is es-

sential in ubiquitinylation for ISG15 and target pro-

teins
[ 30]

.Some UBL proteins are expressed as inac-
tive precursors w ith a few amino acids following the

conserved mot if .These UBL proteins are activated by

proteases releasing their active conjugating tail
[ 30]

.
Some teleost species , like channel catfish and bastard
halibut (Paralichthys olivaceus)may need protease

activity to expose their active conjugationg motifs
[ 24]

.
The reported promo ters of ISGs in teleosts include

those for Vig2 and Mx1 in rainbow trout
[ 15 ,25]

, Mx

in puf ferf ish
[ 13]

, ISG15 in goldfish and Atlantic

cod
[ 23 ,24]

, and Viperin gene in mandarin fish
[ 18]

.
Snakehead Viperin and ISG15 promo ters contain IS-
REs wi th the consensus sequence (GAAAN1—2

GAAAS , S =C/G , N =A/T/G/C).However , only
one base is different in ISRE between Viperin and

ISG15 promo ters.ISRE is an important characteristic

of IFN-induced gene promoter , also partially overlaps
the IRF1/2 recognition sites(AAAASYGAAASY , Y
=T/C)(IRF-E).The presence of ISRE sites in the

Viperin and ISG15 promoter regions implies that the

expression of Viperin and ISG15 can be induced by

virus and IFN signal through the act ivation of a cas-
cade of reactions.Like rainbow trout Vig2 and Mx1

genes
[ 15 ,25]

, snakehead ISG15 contains one ISRE , it s
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Viperin gene contains two ISREs , whereas Atlantic

cod ISG15 contains three IS REs
[ 24]

.These suggest

that number of ISRE is dif ferent among the ISGs and

even in the same ISG if v aries f rom one species to the

o ther.

Snakehead Viperin and ISG15 promoters also

contain three conservative γ-IFN activation si tes

(GAS)w ith a consistent sequence motif (TTNC-

NNNAA)
[ 31]

, which is responsible for the γ-IFN-
mediated t ranscription of the target genes.Moreover ,
we found that the element GAAANN and its comple-
ment are repeated in snakehead Viperin and ISG15

promo ters , suggesting that these elements provide

potential inducibili ty by IFN signal.In snakehead

Viperin promoter region , a NF-κB site (GGGRN-
NYYCC , R=A/G)and a NF-κB like site were iden-
tified.The presence of binding motif for NF-κB is

very interesting as it was indicated that the NF-κB
transcription factor is involved in the stimulation of

the type I IFN promoter
[ 32]

.Like o ther IFN-induced

gene promo ters , such as IRF1 and IRF2
[ 33 , 34]

, the
conservation of NF-κB site in snakehead Viperin pro-
moter suggests that the activ ation of NF-κB also in-
volves in induction of teleost ISGs.Snakehead ISG15
promo ter lacks consensus NF-κB si tes , which is in a-

g reement w ith the reported ISGs
[ 23 ,24]

, but it has
tw o NF-κB like sites , whose function is unknown at

present.In 5′UTR , dif ferent from Viperin gene in

w hich no int ron was found , ISG15 gene contains an
int ron , suggesting that these tw o ISGs have different
transcription pat terns.Though the possibility of NF-
κB sites presented in snakehead ISG15 promoter can

not be excluded , f rom the comparisons of IS RE , NF-
κB site , 5′UT R structure , and protein sequences be-
tween Viperin and ISG15 , we assume that these two
genes have different regulatory mechanisms and dif-
ferent functions in IFN sy stem .

Snakehead Viperin and ISG15 w ere t ranscribed

mainly in immune org ans , and a low expression level

w as also detected in other tissues.Our findings indi-
cated that poly I∶C can induce the expression of

Viperin and ISG15 genes in snakehead liver , and that
tissue dist ribution and induced expression of Viperin

and ISG15 genes are the same with o ther reported

teleost ISGs
[ 18 ,24]

.It is possible that IFN directly

stimulates Viperin and ISG15 genes expression be-
cause poly I∶C was considered as an IFN-inducer.

In conclusion , we have reported the molecular

cloning and characterization of Viperin and ISG15

genes and thei r promo ters f rom snakehead.These re-
sults not only provide the significant evidence for IS-
Gs structure and function , but also help us to under-
stand the teleost IFN system and ISGs regulatory

mechanism.The challenge of future w ork is to con-
duct more functional studies of these genes and deter-
mine thei r regulatory mechanisms by which ant i-viral
defence is established.

References

1 Samuel CE.Antiviral actions of interferons.C lin Microbiol Rev ,

2001 , 14:778—809

2 B rre R.The interferon system of teleost fish.Fish S hellfi sh Im-

munol , 2006 , 20:172—191

3 De Kinkelin P , Dorson M and Hat tenberger-Baudouy AM .Inter-
feron synthesis in t rout and carp after viral infection.Dev Comp

Immunol , 1982 , 2:167—174

4 Eaton WD.Antiviral activity in four species of salmonids follow ing

exposure to poly inosinic:cyt idylic acid.Dis Aquat Org , 1990 , 9:
193—198

5 Pinto R , Jofre J and Bosch A.Interferon-like activity in sea bass

af fected by viral eryth rocytic infection.Fish Shellfish Immunol ,
1993 , 3:89—96

6 Altmann SM , Mellon MT , Distel DL , et al.Molecular and func-
tional analysis of an interferon gene f rom the zebraf ish , Danio

rer io.J Virol , 2003 , 77:1992—2002

7 Robertsen B , Bergan V , Rokenes T , et al.Atlantic salmon inter-
feron genes:cloning , sequence analysis , exp ression , and biological

act ivi ty.J Interferon Cytokine Res , 2003 , 23:601—612

8 Long S , Wilson M , Bengten E , et al.Identif icat ion of a cDNA en-

coding channel cat fish interferon.Dev Comp Immunol , 2004 , 28:
97—111

9 O' Farrell C , Vaghe N , Cantonnet M , et al.Survey of t ranscript

expression in rainbow trout leukocytes reveals a major cont ribu tion

of interferon-responsive genes in the early response to a rhabdovirus
infection.J Virol , 2002 , 76:8040—8049

10 Zhang YB, Zhang QY , Xu DQ , et al.Ident ification of antiviral-

relevant genes in the cultured fi sh cells induced by UV-inact ivated
vi rus.C hin Sci Bull , 2003 , 48:581—588

11 Trob ridge GD and Leong JC.Characterization of a rainbow t rout

Mx gene.J interferon Cytokine Res , 1995 , 15:691—702

12 Trob ridge GD , Chiou PP and Leong JC .Cloning of the rainbow

t rout(Oncrohunchus mykiss)Mx2 and Mx3 cDNAs and charac-
terization of t rout Mx protein expression in salmon cells.J Virol ,

1997 , 71:5304—5311

13 Yap WH , Tay A , Brenner S , et al.Molecular cloning of the

puf ferfish (Taki fugu rubripes)Mx gene and functional characteri-
zation of it s promoter.Immunogenetics , 2003 , 54:705—713

14 Boudinot P , Massin P , Blanco M , et al.vig-1 , a new f ish gene in-

duced by the rhabdovirus glycoprotein , has a virus-induced homo-
logue in.humans and shares conserved moti fs w ith the MoaA fami-

ly.J Vi rol , 1999 , 73:1846—1852

15 Boudinot P , Salhi S , Blanco M , et al.Viral haemorrhagic septi-

caemia vi rus induces vig-2 , a new interferon-responsive gene in

rainbow trout.Fish Shellfish Immunol , 2001 , 11:383—397

16 Chin KC and C resswell P.Viperin (cig5), an IFN-inducible an-
tiviral protein direct ly induced by human cytomegalovirus.Proc

Natl Acad S ci USA , 2001 , 98:15125—15130

1434 www .tandf.co.uk/ journals　Progress in Natural Science　Vol.17 No.12　2007



17 Boudinot P , Riffault S , S alhi S , et al.Vesicular stomat itis vi rus

and pseudorabies virus induce a vig1/ cig5 homologue in mouse den-
dritic cells via dif ferent pathw ays.J Gen Virol , 2000 , 81:2675—

2682

18 Sun BJ and Nie P.Molecular cloning of the viperin gene and i ts

promoter region from the mandarin fish Siniperca chuatsi.Vet

Immunol Immunopathol , 2004 , 101:161—170

19 Der SD , Zhou A , William s BR , et al.Identifi cation of genes dif-

ferentially regulated by interferon alpha , beta , or gamma using

oligonucleotide arrays.Proc Nat l Acad S ci USA , 1998 , 95:

15623—15628

20 Ri tchie KJ , Hahn CS , Kim KI , et al.Role of ISG15 protease

UBP43(USP18)in innate immunity to vi ral infect ion.Nat Med ,

2004 , 10:1374—1378

21 Nicholl MJ , Robinson LH and Preston CM.Activation ofcellular

interferon-responsive genes af ter infection of human cells w ith her-
pes sim plex virus type 1.J Gen Virol , 2000 , 81:2215—2218

22 D' Cunha J , Knight Jr E , Haas AL , et al.Immunoregulatory

properties of ISG15, an interferon induced cytokine.Proc Natl A-
cad Sci USA , 1996 , 93:211—215

23 Liu M , Reimschuessel R and Hassel BA.Molecular cloning of the
f ish interferon stimulated gene , 15 kDa(ISG15)orthologue:a u-

biquit in-like gene induced by nephrotoxic damage.Gene , 2002 ,

298:129—139

24 Seppola M , Stenvik J , S teiro K , et al.S equence and expression

analysis of an interferon stimulated gene(ISG15)f rom Atlant ic cod

(Gadus morhua L.).Dev Comp Immunol , 2007 , 31:156—171

25 Collet B and Secombes CJ.The rainbow t rout (Oncorhynchus
mykiss)Mx1 p romoter:St ructural and functional characterization.

FEBS J , 2001 , 268:1577—1584

26 Guo QL , Jia WZ , Han XP , et al.Rickett sia-like organism infec-

tion in a freshw ater cultured fish Ophiocephalus argus C .in Chi-
na.Prog Nat S ci , 2004 , 14:417—422

27 Sambrook J and Russell DW.Molecular Cloning:A Laboratory

Manual , 3rd ed.New York:Cold Spring Harbor Laboratory

Press, 2001 , 463—471

28 de Veer MJ , Holko M , Frevel M , et al.Functional classif icat ion of
interferon-st imulated genes identi fied using microarrays.J Leukoc

Biol , 2001 , 69:912—920

29 Menendez C , Siebert D and Brandsch R.MoaA of Arth robacter

nicot inivorans pAO1 involved in Mo-pterin cofactor synthesis i s an

Fe-S protein.FEBS Let t , 1996 , 391:101—103

30 Dao CT and Zhang DE.ISG15:a ubiquit in-like enigma.Front

Biosci , 2005, 10:2701—2722

31 Tessitore A , Pastore L , Rispoli A , et al.T wo gamma-interferon-

act ivation sites(GAS)on the promoter of the human intercellular

adhesion molecule (ICAM-1) gene are requi red for induct ion of

t ranscript ion by IFN-gamma.Eur J Biochem , 1998 , 258:968—

975

32 Ghosh S , May MJ and Kopp EB.NF-KappaB and REL p roteins:

evolut ionary conserved mediators of immune responses.Ann Rev

Immunol , 1998 , 16:225—260

33 Collet B and S ecombes CJ.Type I-interferon signalling in fi sh.

Fish Shellf ish Immunol , 2002 , 12:389—397

34 Collet B, McDonald C and Secombes CJ.T he p romoter for the in-

terferon regulatory factor (IRF)-2 in the rainbow trout On-
corhynchus mykiss:cloning and reporter gene act ivi ty.Fish Shell-

fish Immunol , 2003 , 15:473—477

1435Prog ress in Natural Science　Vol.17 No.12　2007　www .tandf.co.uk/ journals


