REVI EWS

Function and signal transmission of fish interferon

1 1 2
(1. , 266109 ;2.
:Q249 ‘A
1957 Issacs Lindenmann
(Interferon,
IFN) ™,
20 20 , IFN
) IFN
IFN )
1
170 ,N
23 30 , 26 94 ku
, DNA RNA :
IFNe | IFNP | IFN-W , IFNK |, IFNT
IFNY 56 30 min ,- 20
, pH2 10 ;
IFNY , pH2.0 56 30 min 2l
IFNa B
IFNY ,
(Takif ugu rubripes) IFNY
(Salmo gairdneri) (Cyprinus

carpio) ( Ctenopharyngodon idellus)

(Carassi us auratus) (Oncorhynchus ke

ta) ( Paralichthys olivaceus) (Dicen-

trachus labrax) (Brachydanio rerio)
(Salmosalar)

o 1992 tel

Tamai

IFN , Ma-

rl2ol

2002

0o
Altmann

) IFN (A IFN) 185

, 266071)

:1000-3096 (2008) 02-0085-06

, 22
, il IFN
38 ku, )
pH2 10 , 60
2
( )
IFN :
2.1
RNA poly (1:C) ™!
, 2-5
2007-07-25; :2007-12-11
: ( ) (nyhyzx07-046-
)
(1982-) ,

) ) 1 0532-82898551 , Email :
pjzhang @ms. qdio. ac. cn

Marine Sciences Vol. 32 ,No. 2/ 2008 85



REVIEWS

(2-5A system) ,
(ATP) , ,
FY
MRNA ;
(protein kinase) , dsRNA ATP
“ 211 (e|f2) ,
;M X )
(12] 2’-’ 5
M x
2.2
(Mp)
Mp ,  Mp
, (Respiratory burst)
o* H20- ,
Mp [13] 02-
H2 0. (APC) Mp
[14]
[15]
(Grass carp interferon, GclFN)
, CclFN
, Mp O H:0:
APC , Mp
GclFN ,
, 24 h
3 M x
Tama © IFN
IFN cDNA , IFN ,
) 2002 ,
Altmann [ (EST)
IFN-a 36 %
(DrlEN) ,
M x
DrlFN 0 ( Tetraodon fluviatils)
IFN , IFN
[16]
(CAB) IFN , CAB

86 /2008

cDNA
' PCR
, MRNA

[17 19]

, MRNA ,
IFN

( Scophthal mus maximus) (Ictalu-

rus punctatus) (hippoglossus hi ppoglossus)

B ( Takifugu rubripes) *° *' 1988
Stacheli M x cDNA
, DNA 2.35 kb
DNA , M x
2002 Bl Mx
[27]
3.4kb, 12 11
2003 ,Pant cDNA
2.5 kb M x cDNA
M x
(Sinipercachuatsi) Mx
[29 31] M X
4 |FN
4.1 |IFN
IFNe /B ,
dsRNA ;
(IFN-stimulated gene, 1 SG) ,
) , toll

, (Pathogen-associated molecu-
lar pattern, PAMP) ,

, IFN

IFNP
, B (virus responsive ele-
ment B, VREB) (posditive regulatory
domains, PRDs) VREB PRD

32 / 2



REVIEWS

PDR 1 (interferon
regulatory factor-1, IRF-1)*%1; PDR
NFKB; PRD ATF2 NF
KB ATF2
(high mobility group of proteins, HM GI) ,
VREB
“ " (enhanceosome) ,
IFNB [34.35] ,
IFN© B IFNAR1 IF
NAR2,
Janus Tyk2  Jakl IFNa B
IFNAR Jak ,
IFNAR1 Statl Stat2
, Stats IFNAR
, |IFN® (AAF)
3(ISGF3) AAF ISGF3
IFNYy (&AY9

(IFN-stimulated response element , ISRE)

2-5A system M x (36 40]
, toll
IRFs  ISRE,
toll IRFs ISRE
4.2 Toll
TLRs ,TLRs
,TLR3 RNA  Poly(l ©),
IFN-a3
10 TLRs, 9 TLRs, 7
M TLR2
TLR4 :TLR5
; TLR9 CpG DNA
21 TLR7 TLR8
TLRs :
,Oshiumi  [* TLRs,
TLR1 TLR1 TLR6
Safford TLR,
TL R22 Hirono [

TL Rs, JFTLR2 JF
TLR22 TLR3
(4647 2005 ,Rodriguez
TLR3 (rtTL R3) ,
rtTL R3 TLR3 ,
Poly(l C) ,
rtTLR3 ,
4.3
JIRFs 9
IRF1
IRF2
IRF1
IRF4 IRF8 IRF3,
IRF5 IFR-7
IRF7 I IFN
Ay : IRF
N 115
, DNA
IRF IFN
1 5
N DNA ,
IRF , ,
IRF1 (50] IRF2
IRF2 B IRF1L  IRF2 IEN
CalRF7
|IFR7 (52] , IRF
. IFR
[53]
4.4
(Stat) , Stat
[54]
IFN JIEN
Janus Stat

Marine Sciences Vol. 32 ,No. 2/ 2008 87



REVIEWS

Janus 4
Jakl,Jak2,Jak3  Tyk2™ Stat
Statl Stat3, Statl
Statl IFN
[56) , Stat5 DNA
ter teel IFN  CAB
CaStatl CaTakl ,
, IFN
Tak-Stat
5
1/ 10 2004  [1]
140
150 (2]
[3]
: [ [4]
, [5]
" o (6]
[7]
[8]
H 1 [9]
: ? [10]
88 /2008 |/ 32

Eaton'® 4

(ENV) ,

Issacs A , LindenmanJ. Virusinterference |: theinter-
feron[J]. Proc R Soc Lond, 1957, 147 :258-263.

[J]. ,2006 ,22(7) :676-679.

Gravell M, Marlsbenger R G. A permanent cell line
from the fathead minnow ( Pimephales promelas) [J].
Ann NY Academy i, 1965, 126 :555-565.

Dekinkelin P, Dorson M.
(Salmo gairdnri) experimentally infected with egtved
virus[J]. J Gen Viral , 1973, 19:125-127.

Eaton W D. Anti-viral activity infour speciesof salmo-

Interferon in rainbow trout

nids following exposure to poly inosinic:cytidylic acid
[J]. Disase of Aquatic Organisms, 1990, 9(12) : 193
198.
Tamai T, Shirahata S, Sato N, et al. Purification and
characterization of interferorrlike antivira protein
derived from flatfish ( Paralichthys olivaceus) lympho-
cytesimmortalized by oncogens[J]. Cytchndogy , 1993,
11(2) :1-6.
Long S, Wilson M, Bengten E, et al. Identification of
a cDNA encoding channel catfish interferon [J].
Qycoconjugate Journal , 2001, 18(6) : 439-447.
) . [3].
, 2003 ,7(3) : 97-101.
Altmann SM, Mdlon M T, Disd D L, et a. Molecular
and functional analyss of an interferon gene from the
zebrafish, Daniorerio[J]. Vird , 2003, 77 (6) :3 890.
Magor B G, Magor K E. Evolution of efectors and
receptors of innate immunity[J]. Dev Comp Immunadl ,
2001, 25:651-682.

/2



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

REVIEWS

[J]. 2000, 24(1) :11-17.

Bader C F, GarciarSastre A. Viruses and the type |
interferon antiviral system: induction and evason[J].
Int Rev Immunal , 2002, 21:305-337.

Graham S, Jeffries A H, Secombes CJ. A novel assay
to detect macrophage bactericidal activity in fish:
factors influencing the killing of Aeromonas sal monici-
da[J]. Fish Disases, 1988, 11:389-396.

Enane N A, Frenel K, OconnorJ M, et al. Biological
markers of macrophage activation: applications for
fish phagocytes[J]. Immund , 1993, 80:68-72.

, . [J31.
, 2001, 47(4) :404-411.
cDNA [J3].

(2) :113-118.

Kim C H, Johnoon M C, Drennan J D, et al. DNA
vaccines encodng vird glyooprotens induce nongedfic

, 2003, 27

immunityand Mx proten synthess in fish[J]. J Vird,
2000, 74:7 0487 054.

Trobridge GD, Chiou P P, Kim C H, et al. Induc
tion of the Mx protein of rainbow trout Oncorhynchus
C and infec-
Dis Aquat ,

mykiss in vitro and in vivo with poly |
tious hematopoietic necross virus[J].
1997, 30:91-98.

Trobridge GD, LeongJ C. Characterization of a rain-
bow trout Mx gene[J]. J Interferon Cytokine Res,
1995, 15: 691-702.

LeeJ Y, Hirono I, Aoki T. Cloning and analyss of
expresson of Mx cDNA inJapaneseflounder, Parali-
chthys olivaceus[J]. Dev Comp Immunol , 2000, 24
(4) : 407-415.

Trobridge GD, Chiou P P, LeongJ C. Cloning of the
rainbow trout (Oncrohunchus mykiss) Mx2 and M x3
cDNAs and characterization of trout Mx protein
expresson in saimon cells[J]. J Vird, 1997, 71:
5 304-5 311.

Robertsen B, Trobridge G D, Leong J. Molecular
cloning double-stranded RNA inducible Mx genes
from Atlantic salmon (Salmosalar L.) [J]. Dev Comp
Immunal , 1997, 21:392-412.

Kocabas A , Li P, Cao D, et al. Expression profile of
the channel catfish spleen: analyss of genes involved
in immune functions[J]. Marine Biotechnology , 2002 ,
4:526-536.

Yap W H, Brenner S, Venkatesh B. Molecular clo-
ning of the pufferfish ( Takif ugu rubripes) Mx gene

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

and functional characterization of its promoter[J]. Im-
munogenetics, 2003, 54:705713.

Nygaard R, Husgard S, Sommer A |, et al. Induction
of Mx protein by interferon and double-stranded RNA
in salmonid cells[J]. Fish Shelfish Immuna , 2000,
10: 435-450.

Staehdi P, Yu Y S, Grob R, etal. A double stranded
RNA-introducible fish gene homologous to the marine
influenza virus res stance gene Mx[J]. Mad Cdl Bid ,
1989, 9:3 117-3 121.

Plant K P, Thune R L. Cloning and characterization
of a channel catfish (Ictalurus punctatus) Mx gene
[J]. Fish Shellfish Immunadl , 2004 , 16(3) :391-405.
Pant K P, Thune R L. Cloning and characterisation
of a channel catfish (Ictalurus punctatus) Mx gene
[J]. Fish & Shdlfish Immunology, 2004, 16(3) :391-
405.

, . Mx [J].
, 2001 ,16(4) :291-298.
, , o\ Mx
[J3]. , 2003 ,10(5) :365

369.

, , , . Mx
cDNA [3]1. ,2004 ,19
(3) :271-275.

Fujita T, SakakibaraJ, Sudo Y, et al. Evidencefor a
nuclear factor (s) , IRF1, mediating induction and
silencing properties to human | FNf8 gene regulatory
elements[J]. EMBO J, 1988, 7:3 397-3 405.

Harada H, Fujita T, Miyamoto M , et al. Structurally
smilar but functionally distinct factors, IRF1 and
IRF2, bind to the same regulatory elements of IFN
and IFN-inducible genes[J]. Nature, 1989, 337:270
272.

FavoJ V, Thanos D, Maniatis T. eversa of intrinsic
DNA bendsin the | FN8 gene enhancer by transcrip-
tion factors and the architectural protein HM G | (Y)
[J]. Cdl, 1995, 83:1 101-1 111.

Thanos D, aniatis T. Virusinduction of human | FNf8
gene expresson requires the assembly of an enhanceo-
some[J]. Cdl, 1995, 71:1 091-1 100.

Marie |, DurbinJ E, Levy D E. Differentia vira in-
duction of distinct interferon®t genes by postive feed-
back through interferon regulatory factor-7[J]. EMBO
J, 1998, 17:6 660.

Sato M, Hata N, Asagiri M, et al. Postive feedback
regulation of type | IFN genes by the IFN-inducible
transcription factor IRF7[J]. FEBSLett, 1998, 441:

Marine Sciences Vol. 32 ,No. 2/ 2008 89



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

90

REVIEWS

106.

Miettinen M, Sareneva T, Julkunen |, et al. IFNs
activate toll-like receptor gene expresson in vira in-
fections[J]. Genes Immun, 2001, 2:349.

Yoneyama M, Kikuchi M, Natsukewa T, et al. The
RNA hdicase RIG| has an essentia function in double-
stranded RNA induced innate antivird responses[J]. Nat
Immunal , 2004 , 5:730.

Doly J, Civas A, Nararroa S, et al. Type | interfer-
ons: expresson and sgnalization[J]. CMLS Cdl Md
Life i, 1998, 54:1 109-1 121.

Underhill D M, Ozinsky A. Toll-like receptors: key
mediators of microbe detection [J]. Curr
Immunol , 2002, 14:103-110.
Takeuchi O, Akira S. Genetic approaches to the study

Microbes Infect ,

Opin

of toll-like receptor function [J].
2002, 4(9) : 887-895.

Oshiumi H, Tsujita T, Shida K, et al. Prediction of
the prototype of the human Toll-like receptor gene
family from the pufferfish, Fugu rubripes, genome
[J]. Immunogenetics, 2003, 54 :791-800.

Safford J L, Blestad K K, Magor K E, et al. A
toll-like receptor ( TLR) gene that is up-regulated in
activated goldfish macrophages[J]. Dev Comp Immund ,
2003, 27:685698.

Hirono |, Takami M, Miyata M, et al. Characteriza-
tion of gene structure and expresson of two toll - like
receptors from Japanese flounder , Paralichthysoliva
ceus[J]. Immunogenetics, 2004 ,56 (1) :38-46.

Mejer A H, Krens S F G, Rodriguez | A M, et al.
Expresson andyss of the toll receptor and TIR domain
adaptor families of zebrefish[J]. Md Immund , 2004, 40:
773-783.

Bilodeau A L , Waldbieser G C. Activation of TL R3
and TLR5 in channel catfish exposed to virulent
Edwardsellaictaluri[J]. Dev Comp Immunol , 2005,
29(8) :713-721.

Rodriguez M F, Wiens G D, Purcdl M K, et al.
Characterization of Toll-like peceptor 3 gene in rain-
bow trout (Oncorhynchus mykiss) [J]. Immunogenet-
ics, 2005 ,57:510-519.

Honda K, Ohba Y, Yana H, et al. Spatiotemporal
regulation of MyD88 - IRF - 7 signaling for robust
type- | interferon induction[J]. Nature, 2005, a434:
1 0351 040.

Yabu T, Hirose H, Hirono |, et al. Molecular cloning of

/2008

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

32

a novel Interferon reguatory factor in Japanese flounder
Paralichthys olivaceus[J]. Md Mar Bid Biotechnd ,
1998, 7:138-144.
Collet B, Hovens GC, Mazzoni D, et al. Cloning and
expresson analyss of rainbow trout Oncorhynchus
mykiss interferon regulatory factor 1 and 2 (IRF1 and
IRF2) [J]. Dev Comp Immunad , 2003, 27:111-126.
Zhang YB, HuC Y, Zhang J, et al. Molecular clo-
ning and characterization of crucian carp ( Carassius
auratus L.) interferon regulator factor 7[J]. Fish
Shellfish Immunad , 2003, 15:453-466.
SunBJ, Chang M X, ChenD L, et al. Gene struc
ture and transcription of IRF2 in the mandarin fish
Sini perca chuatsi with the finding of aternative tran-
scripts and microsatellite in the coding region[J].
Immunogenetics, 2006 , 58:774-784.
Muller M, Briscoe J, Laixton C, et al. The protein
tyrosine kinase JA KI complements defects it interfer-
omraphal beta andgamma sgnal transduction [J].
Nature, 1993, 366: 129-135.
LeudJ H ,Yah SJ,Lee T F, et al. Complete genomic
organization and promoter analyss of the round spot-
ted pufferfish JAK1, JAK2, JAK3, and TYK2
genes[J]. DNA Cdl Biadl , 2000, 19:431-446.
Oates A C, Wollberg P, Partt SJ, et al. Zebrafish
stat3 is expressed in restricted tissues during embryo-
genesis and statl rescues cytokine signaling in a
STA T12 deficient human cell line[J]. Dev Dynam,
1999, 215:352-370.
Sung SC ,Fan TJ ,ChouCM , etal. Genomic struc
ture , expresson and characterization of a STAT5
homologue from pufferfish ( Tetraodon fluviatilis)
[J]. Eur J Biochem, 2003, 270:23%-252.
Zhang Y B, Gui J F. Molecular characterization and
IFN signal pathway analyss of Carassius auratus
CaSTAT1 identified from the cultured cells in re
sponse to virusinfection[J]. Dev Comp Immunol Mar ,
2004, 28 (3) :211-275.
, . [J1.
, 2004 , 23:282-285.

[J]. , 1991, 15(4) :372

374.



