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Abstract: Exposure © the external aqueous envirorment enhances the susceptibility o infectious diseases in fish gills To

understand the mechanisn of local innate immunity against infectious grass carp reovirus (GCRV) in the gills we identi-

fied the partial dNA sequence of M x, an antiviral effectormolecule, in rareminnow Gobiocypris rarus Real-time quantitar

tive RT-PCR (gRT-PCR) was employed o quantitate mRNA levels of a pattern recognition receptor, Toll-like receptor 3

(TLR3), and type I interferons indicator moleculeM x  The artificial infection experiments revealed that TLR3 andM x mR-

NA expressionswere simultaneously significant up-regulation at 12h postinjection (p <Q 05), the transcription level of
TLR3 recovered at 48h postinjection (p>0 05), and theM x mRNA expression kept at high transcription level till mori-

bund (p<Q 05). These reaults highlighted the importance of the gills as a tissue cgpable of mounting a local immune re-

gonse, and the interferon pathway was activated b GCRV infection
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Grass cap hanorrhagic dissase causes catastroph-
ic losses in grass cap culture in China, and the doub-
le-stranded RNA (dsRNA ) virus grass cap reovirus
(GCRV) has been identified as the etiological agent
GCRV mainly infects fingerlings and yearlings of the
grass camp Ctenopharyngodon idellus and of the black
cap M ylopharyngodon piceus™. The snall-sized rare
minnow Gobiocypris rarus is alo usceptible © experi-
mental infection'’”. We investigated the immune de-
fense mechanisn of the host o GCRV using the rare
minnow as amodel

M anmalian Toll-like receptors (TLRS) recognize
camponents of invading microbes and trigger the first
line of innate mMmune reponse that is mediated by
trancriptional induction of a large number of genes
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Toll-like receptor 3 (TLR3) is thought © be a signature
molecule of cellular reponse © viral infection™ , be-
cause it reponds o dRNA, a canmon byproduct of
viral replication”] , which may originate fram single
stranded RNA (sRNA) or dRNA virues®®. Viral
dRNA through
TLR3®.
tion of pro-inflanmatry cybkines, type | interferons

induces dendritic cell maturation
The recognition of TLR3 induces the produc-

(interferona andP ) which are key molecules for anti-
viral reponsg ™, and that encode intracellular viral
stress-inducible proteing*! .

One of the most mportant mechanisnsof antiviral
defence is the production of interferons (IAN). Type |
IAN, produces an antiviral state in the surrounding
cells mediated by the production of IRN-induced pro-
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teins that act as intracellular mediators, which include
the 2' 5'-oligoadenylate synthetase, the M x proteins,
etc In higher vertebrates Mx proteins have been
showvn © inhibit the replication of several viruseswith
very different behaviours™' .

PiscineM x isan IfN-induced protein' ™! with an-
tiviral activity against a number of RNA virused™! |
and has been induced through different mechanisns
both in vivo and in vitro ™.

Gills are vulnerable 1o infection because of expo-
ure o an aguatic envirorment containing pathogens
during repiration The innate mmune regponse in gills
may play an mportant ole in host defense against vari-
ous pathogens, and must be activated rgpidly after
pathogen recognition But the expressions of TLR3 as
well asM x have not been clarified in GCRV infected
gills

In the current work, we focused on the natures of
the signaling pathway activated by GCRV in gills Mx
partial sequence has been cloned in rare minnow. The
real-time guantitative RT-PCR (gRT-PCR) has devel-
oped b estimate MRNA expression levels of TLR3 and
M x after infection with GCRV in gills The study erved
the studiesof antiviral immune regonses in gills

1 M aterialsand M ethods

1.1 Virus strah, test anmals exper mental n-
fection procedure and sample collection The
GCRV-991 strain used in this experment was kindly
donated by Profesor Tiaoyi Xiao in Hunan A gricultural
University The virus titer was detemined by the end-
point dilution method ™. Briefly, 500p L per well of
the GCRV siock in triplicate repeated ten-fold serial di-
lutions (10"°—10"°) were used © infect monolayer
CIK cells (Ctenopharyngodon idellus kidney cells) in a
24-well plate Followving a 60min absmption period at
25 , the unaborbed virus was removed and the
0.6mL of 0. 7% low melt point agarose (mixed 1 4%
sterilized agarose and equal volumeM edium 199) was
added After olidification of agaos (—Q 5h), 1 mL
of M edium 199 containing 20mM Hempeswas supple-
mented and incubated under 25
the virus plagueswere counted for detemination of the
virus titer and expressed by PRU /mL. The virus titer

Five days later,

was about 2 x10° PRU /mL in vitro plague assay.

Young adult rare minnovswith a fresh weight of
2—3g were obtained fram a laboraiory-breeding stock
and acclimatized o new laboratory conditions for one
week in a quarantine area They were maintained in 25
L aerated aguariums (wo animals per liter) at 28
and fed once a day with commercial diet (feed compo-
sition. protein 32%, sarch 63%, fat 3%,
additive 2%).

In GCRV challenge experiments, each control or
challenged sample was intragperitoneally injected with
1@ L of PBS per gran body weight or GCRV sugpen-
ded in BBS (2 x10° PRU/mL) , repectively Three in-
dividualswere randamly Killed and fresh gill tissuewas
sapled at 0, 6, 12, 24, 36, 48, 72, 96, 120, and 144h
(moribund fish) postinjection, repectively The san-
pleswere mmediately hanogenized in TR IZoL° LS re-
agent ( Invitrogen) and total RNA were islated ac-
cording o themanufacturer's instruction The extracted
total RNA were incubated with RNase-free DNase |
(Roche) t ramove contaminated genamic DNA, fol-
lowved by phenol/chlorofom extraction and ethanol pre-
cipitation Reverse tran<ription was perfomed with
SuperScript” 111 Reverse Transcriptase ( Invitrogen)
and random hexamer primers
1.2 Cloning of partial sequence of the rarem in-
For the initial experments, GCRV were in-
troduced by intrgperioneal injection A fter 24h postin-
jection, the anmalswere killed and gills were gath-
ered dDNA wasmade as ahove

To check IAN pathway activated by GCRV in gills
we cloned type | IAN 9ecific indicatr molecule M x
partial sequence The degenerate primersfor cloningM x
dDNA from rare minnov were designed, based on the
published sequences of the Mx gene fran grass cap
Ctenopharyngon idellus (Accession Na , AY 395698) ,
common cap Carassius auratus (Accesson na ,
AY 303812), and Danio rerio (Accesson na ,
NM 182942). PCR was carried out in an AB | 9700
Themal Cycler Instrunent in a 2% L reaction volume
containing M L of dDNA reversly transcribed from
gills infected GCRV, 2.3 L of 10 x buffer, 2. 31 L of
Md" (25mmol/L), ML of dNTPs (10mmol/L),
U L of Tag polymerase (1U p L), M L of each primer

now M x
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(10mmol/L) MFc and 3MRb (Tah 1), and 1% L of
nuclease-free water.  The cycling profile was a denatu-
ring step of 94  for 5min folloved by 35 cycles of
94 30s 60 30sand 72 1min, and 5min at
72 for the final extenson The PCR product was
sparated on an agarose gel, purified using the A xygen
gel purification kit (Axygen) and ligated into pMD-18
T vecor (TaKaRa).
trandomed into campetent Top10 cells ( Invitrogen).

After screening by PCR, three positive colonies were
squenced with an AB 1 3730 DNA sequencer (Applied
Biosystans). A 989 bp sequence was obtained By
BLA STX ssarching in the GerBank database, the s
gquence was significantly hanologous o known fish M x

The ligation reaction was then

Lguences
1.3 Expression analyss of TLR3 and M x h gills
By gRT-PCR, we detemined the expressions of the
immune recognition receptor TLR3, an original gene of
IAN pathway, and effector molecule M x, an indicaior
gene of IAN. The house-kegping genef3 -actin was used
as the internal standard

TLR3 andP -actin genesof rare minnow were pre-

viously cloned by us, and the GerBank accession num-
berswere D Q885908 and EF370390 regpectively (not
published).

The foward primer for TLR3 was SGTF41 and the
reverewas SGTR16a (Tah 1). The fowardM x prim-
er and the revere Mx primer were }MF52a and
IMR53a (Tah 1), regpectively Thef -actin primer
sequenceswere foward SGAF86 and reversee SGAR87
(Tah 1). The gRT-PCR was perfomed with an AB |
Prign 7000 Sequence Detection Systan (Applied Bio-
systams). Each reaction consisted of 1 L dDNA, &1 L
nuclease-free water, 1 L SYBR Green PCR master
mix (Toyobo), and O %1 L each primer st (% mol/
L). The PCR cycling conditionswere 95  for 2min,
40 cycles consisting of 95  for 255, 60  for 30s
and 72 for60s folloved by disociation curve analy-
sis o verify the amplification of a single product Re-
actions were run in triplicate The threshold cycle
(CT) value for each sample was detemined using the
automatic <etting on the AB | Sequence Detection Sys
tan. The CT valueswere exported into aM icrooft Ex-
cel Sheet for subsequent data analyses

Tab. 1 Oligonucleotide primersused in these exper ments

Primer nane Sequence (5' -3') Amplicon length (nt) and primer information

TLR3

SGTF41 (fomvard) CACTTCACCAGGTAATGGA GEGAC 117
SGTR16a( reverse) AAGGTTTCAACATGCCACGAC gRT-PCR

M x

M Fc(foward) TGACACGCTGTCCTCTKGTA 989

MRDb( reverse) GKTTTCCTCCGTCTIWAW GG Gene cloning
M x

M F52a( foward) CACACGCTGTICCTCTGGTAT 103
MR53a( reverse) CAGTTTICTTTGTTTGGCTCTG gRT-PCR
B -actin

SGA F86 ( foward) CATGATGAAATTGCCGCACTG 135

SGARS7 ( reverse) ACCAACCATGACACCCTEATGT gRT-PCR

Note K=G/T;W =A/T

The differences in the CT values of target gene ©
the ocorregonding intemal control 3 -actin gene, ACT
(CTyene CTecin) » Were calculated The relative expression
level of target gene © B -actin was described using the

5¢T " and the value represented an 1/n-fold

equation 2’
difference relative ©f -actin gene The 2" wasmulti-

plied by 1000 in order b smplify the presentation of the

data The data obtained from gRT-FCR analyses were
aubjected © oneway analysisof variance (oneway ANO-
VA) folloved by an unpaired, to-tailed t-test P values
less than Q 05 were considered dtatistically significant
1.4 Nucleotide squence accession number The
squence of M x was deposited in GerBank under ac-
cession number EF095273
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2 Realts

2.1 Identification of M x gene

The PCR product anplified by the degenerate
primerswas 989bp (Fig 1). A BLASTX search of the
GerBank protein database demonstrated that the rare

known fish Mx proteins egecially o Ctenopharyng-
odon idella Mx (accesson na , AAQ95584). The
deduced amino acid sequence contained a DYNc do-
main that mediates vesicle trafficking DYNc partici-
pates in the endocytic uptake of recepiors, asdciated
ligands, and plasna menbrane folloving an

minnov gene <hared high seguence smilarity with exocytic event ™.

1

21
61
41
121
61
181
81
241
101
301
121

141
421
161
481
181
541
201
601
221
661
241
721
261
781
281
841
301
901
321
961

T RCPLVLKLIEKIZ KTISZEKTDIEKNWHA®Q
TGACACGCTGTCCTCTGGTATTGAAACTGAAGAAAATTTCAAAGGACAAAAATTGGCATC
WHGLILSY QS QTZKTI KTLZE KDTPSETI
AGTGGCATGGATTGCTGTCATATCAGAGCCAAACAAAGAAACTGAAAGACCCATCAGAAA
EDAVLNAQTVLAGEKTEGETGTIS SH
TAGAAGATGCTGTCTTAAATGCTCAGACAGTATTGGCTGGAAAGGGAGAAGGGATCAGTC
EMITLETITAQSSDVPDLTTULTITDIL
ATGAAATGATCACTCTGGAGATCCAGTCCAGTGATGTCCCTGACCTCACTCTCATTGATC
PGI ARV ATGNAG QPI KTDTIET K QTIHEK
TGCCAGGCATTGCTAGAGTTGCCACTGGCAACCAGCCAAAAGACATCGAGAAACAAATAA
bLIZEZ KV FTII KR QETTISTLVVVPA
AAGATCTAATTGAAAAGTTCATTAAAAGACAAGAAACCATCAGCTTGGTTGTGGTGCCTG
NIDTIATTEA AL QMASTIKUVDSTG
CAAACATTGACATCGCCACCACTGAGGCACTGCAGATGGCATCCAAAGTAGATTCAACCG
Q RTLGTIULTI KZ®PDULUVDI KTGMETDI
GACAAAGGACTCTGGGTATTCTGACTAAACCAGATTTAGTGGACAAAGGCATGGAGGATA
VVRTVNNQVIQLI KZEKS GYMTIUVK
TAGTGGTCAGAACAGTCAATAATCAAGTGATACAACTGAAGAAGGGCTACATGATCGTGA
CRGQ QD INEZ KTLTVDILVKATLEZKE
AGTGCAGAGGCCAGCAAGACATCAATGAGAAGCTTGATCTGGTCAAAGCGTTGGAAAAAG
RHFFDEHSHTFRSULLETES GIKAT
AAAGACATTTTTTTGACGAACATTCTCATTTCAGGTCTCTTCTTGAAGAAGGAAAAGCTA
I'' PLLAERLTI KETLVEHTITZI KTL
CAATACCCCTTCTTGCAGAAAGACTCACAAAAGAATTGGTCGAACACATTACTAAAACAC
PQLQKAQULEME KTLTETZ KTTETDTLTRA
TACCACAGTTGCAGAAACAACTTGAGATGAAATTAGAGAAGACGACTGAGGATCTTAGAG
LGD GV PTDEA QEZ KTINTFTFTITEKI
CACTGGGAGATGGAGTTCCTACTGATGAACAAGAGAAGATCAATTTTTTTATCACGAAAA
RQFNDATIZESGVYVY KRAETEUDTLI KNS
TTCGCCAGTTCAATGATGCCATTGAAGGAGTAAAGAGGGCAGAAGAAGATCTAAAAAACT
bDKRYVYFTZ KTIREETFG GNWIKTLVLD
CAGACAAAAGGGTCTTTACCAAAATCAGGGAGGAATTTGGAAACTGGAAACTCGTCCTGG
AK ST KTETET
ATGCCAAATCCATTAAGACGGAGGAAACC

Fig 1 Partial nucleotide and predicted anino acid sequencesof M x in rare minnow

The foward primer for gRT-PCR isunder line, and the reverse primer isunderwavy line The predicted DYNc damain is shaded in protein sequence
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2.2 Quantifications of TLR3 mMRNA expressions
after virus challenge

The infected fish gopeared obvious mptoms from
72h postinjection and died off fram 144h postinjection

ORT-PCR was developed b detemine the TLR3
expression profile after viral challenge, withp -actin as
internal control A dis®ociation curve showing a single
peak at the melting temperature expected for that anpl-
icon suggested Pecific anplification The tamporal ex-
pressions of the TLR3 gene after viral challenge were
shown in Fig 2 ThemRNA expressions in control and
blank groups had no significant difference in gills (p >
0 05) (data not shown). During the first 24h after vi-
ral challenge, the exression of TLR3 mRNA was up-
regulated gradually At 12h postinjection, the expres
son was significant difference fran control (p <
0.05). The smmitwas at 24h postinjection At 48h
postinjection, the transcript recovered © nomal level
(p>0Q 05).
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Fig 2 The tamporal expression of TLR3 in gills
The controls were injected with FBS  the experiments suffered from
GCRV infection Each column represented the level of TLR3 mRNA
relative o -actin, expressed as themean + SE of triplicate gRT-PCR
assays (2
indicated the significant difference beiween experment group and

AcCT

x1000). Error bars indicated standard error A sterisk

control group (p<0. 05)

2.3 Mx transriptional regulation after nocula-
tion with GCRV

To examine expression profile, gRT-PCR was an-

ployed  test the time-dependent expression pattern in

gill tissue of rareminnows challenged by GCRV at the

time point O, 6, 12, 24, 36, 48, 72, 96, 120 and 144h
postinjection An unpaired, tvo-tailed t-test showed no
significant difference in Mx gene transcription anong
blank, control and challenged group within 6h postin-
jection The disciation curve digplayed unique peak

After infected by GCRV, the Mx mRNA tran-
sriptswere shaply elevated at 12h postinjection (p <
Q 05). The peak of upregulation was observed at 24h
postinjection (11.13-fold increased relative © oon-
tol). As time progresed, theM x mRNA expressions
kept high levels till moribund (Fig. 3). Statistically
significant differences were observed from 12 to 144h
postinjection (p <Q. 05).
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Fig 3 The relative expression of M x transcripts in gills by qRT-PCR
The control groupswere injected with FBBS  the experiment groupswere
challenged by GCRV. Error bars indicated standard error

3 D iscussion

Gills are not the mmune organ, but it frequently
contacts various pathogens in the process of regira-
tion How does it defend pathogens?

Folloving GCRV infection in rare minnow, W ang
and his colleagues discovered aggregated GCRV parti-
cles in the endothelial cell cytoplasn in gills blood ves
<l under electron microsope, which indicated the
gills are one of the main organs infected by GCRV and
this organ may take an important part in the gread and
infection of GCRV ™.

D RNA is a virus ecific signature and a ligand
for TLR3'™. The occurrence of dsRNA -induced signa
ling and functional events closly correlates with the
TLR3 mRNA profild™’.
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To further investigate the immune mechanisn of
GCRV infection in gills we artificially infected rare
minnowv with GCRV, and the mRNA expression pro-
filesof mmune recognition receptor TLR3 and antiviral
effector moleculeM x were analyzed in this study.

TLR3, an antiviral innate immune receptor, rec-
ognizes dRNA, preferably viral origin and induces
tyoe | IAN production, which causes maturation of
phagocytes and subsequent release of chamical media-
tors from phagoceytes against sme viral
<" Viral infection or stimulation of TLR3 trig-
gers signaling cascades, leading to activation of the
transcription factors IRF-3 and NFK B, which collabo-
rate 1o induce transcription of type | IFN genes™’.

Gills condtitutively expressed TLR3 at low level
and TLR3 was up-regulated upon exposure o dRNA.

infec-
tion

In accordance with the expression of TLR3, GCRV
stimulation induced the activation of M x transcription,
an antiviral effector molecule and indicator of type |
IMN induction* "1,

These findings mplicated involvaments of TLR3,
and type | IAN signaling in the pathogenesisof GCRV,
egecially in early stage, which were asociated with
up-regulation of TLR3 and M x genes The innate im-
mune regonses were activated in the host defense
against GCRV invasion, and they were regponsible for
the rgpid clearance of viruses fran the local infection

The tme-course experimentswith the GCRV -991
strain revealed that TLR3 was augnented smultaneous
ly compared o Mx
configuration of TLR3 trandomed after stmulation by
GCRV and activated the signal pathway, mearwhile,
its expression was enhanced  induce more strong im-
mune reaction

These data demonstrated that GCRV injection po-
tently stmulated gills o up-regulate a number of differ-

The observations aupposed the

ent immune molecules, including immune recognition
receptor and antiviral effector molecule Gills are a po-
tential port of entry for infectious agents
pressions of TLR3 and M x in gills might represent a
critical protection mechanisn against virus invasion
Taken together, our findings provided evidence
that GCRV initiated a battery of rgpid innate mmune
reponses that were mportant for antiviral defense in

Inducible ex-

gills These reaults highlighted the importance of the
gills, notonly asa target of pathogens but al® asa tis
e cgpable of mounting mmune regponses
Acknowledgan ents

The authors gopreciate all the other laborary mem-
bers for technical assstance and valuable discussion

References

[1] ChenY X, JiangYL. Studieson themormhological and physico-
chamical characterization of the hemorrhagic virus of grass camp

[J]. Chinese Science Bulletin, 1983, 28: 1138—1140 [

, 1983, 28:1138—1140]
[2] WangTH, LiuPL, ChenH X, etal Prelminary study on the
usceptibility of Gobiocypris rarus to hemorrhagic virus of grass
cap (GCHV) [J]. Acta Hydrobiologica Sinica, 1994, 18:
144—149 | , , . #)
, 1994, 18: 144—
149]
Scumpia PO, Kelly KM, ReevesW H, et al Double-stranded

RNA signalsantiviral and inflanmatory prograns and dysunction-

[3]

al glutanate trangort in TLR3-expressing astrocytes [ J]. Glia,
2005, 52: 153—162

Sen GC, Sarkar SN. Trancriptional signaling by double-stran-
ded RNA: mleof TLR3 [J]. Cytokine Grovth Factor Rev, 2005,
16: 1—14

Alexopoulou L, Holt A C, Medzhitov R, et al Recognition of
double-stranded RNA and activation of NF-kgppaB by Toll-like
receptor 3 [J]. Nature, 2001, 413:732—738

[4]

[5]

[6] WangTH, Town T, Alexopoulou L, etal Toll-like receptor 3
mediatesW est Nile virus entry into the brain causing lethal en-
cephalitis[J]. NatMed, 2004, 10:1366—1373
[ 7] AndersH, ZecherD, Pavar R D, et al Molecular mechanisns
of autbimmunity triggered by microbial infection [ J]. Arthritis
Res Ther, 2005, 7:215—224
[ 8] HariiN, LavisCJ, VakoV, etal Thymcytes express a func-
tional oll-like receptor 3: overexpression can be induced by viral
infection and reversed by phenyimethimamle and is asociated
with hashimoi's aubimmune thymiditis [ J]. Mol Endocrinol,
2005, 19:1231—1250
[9] LovingCL, Brockmeier SL, MaW, etal Innate cytokine re-
gonses in porcinemacrophage populations evidence for differen-
tial recognition of double-stranded RNA [J]. J Immunol, 2006,
177:8432—8439
[10] TafallaC, Aranguren R, SecombesC J, etal Cloning and anal-
ysisof expression of a gilthead sea brean (Sparus aurata) M x
@DNA [J]. Fish Shellfish Immunol, 2004, 16:11—24
LeongJA C, Trobridg GD, Kim CH, etal
ibleM x proteinsin fish [ J]. Immunol Rev, 1998, 166: 349—363

ChenYM, SuYL, LinJH, etal Cloningof an orange-sotted

[11] Interferon-induc-

[12]
grouper ( Epinephelus coioides) Mx dDNA and characterisation of



734

32

its expression in reponse o nodavirus [J]. Fish Shellfish Immu-
nol, 2006, 20:58—71

[13] Bathelier C, Mercier G, Lucotte G A smplified samiquantitative
detemination of hepatitis C virus gename molecules by the end-
point dilution method [ J]. Mol Cell Probes, 1996, 10:
477—480

[14] MarchlerBauer A, AnderoonJB, DerbyshireM K, etal CDD:
a conserved damain database for interactive damain family analy-
sis[J]. NucleicAcids Res, 2007, 35: D237—D240

[15] WangTH, ChenH X, LiuPL, etal Observationson the ultra-
thin sections of themain organs and tissuesof hemorrhagic Gobio-
cypris rarus artificially infected by grass carp hemorrhagic virus
(GCHV) [J]. Acta Hydrobiologica Sinica, 1993, 17: 343—
346 [ , \ )

&
, 1993, 17: 343—346]

[16] TanabeM, Kurita-TaniguchiM, Takeuchi K, et al Mechanisn
of up-regulation of human Toll-like receptor 3 secondary © infec-
tion of meades virus-attenuated strains [ J]. Biochen B iophysRes
Canmun, 2003, 311:39—48

[17] Pisgna S, Pirozzi G, PiccoliM, et al p38 MAPK activation
controls the TLR3-mediated up-regulation of cybtoxicity and cyto-
kine production in human NK cells [ J]. Blood, 2004, 104:

[19]

[20]

[21]

[22]

[23]

[24]

Biol Chem, 2003, 278:21502—21509
DharaA, SainiM, DasD K, etal Molecular characterization of
ooding sequences and analysis of Toll-like receptor 3 mRNA ex-
pression in water buffalo (Bubalus bubalis) and nilgai (B osela-
phus tragocamelus) [J]. Immunogenetics, 2007, 59: 69—76
XuL G, WangY Y, HanK J, etal VIA isan adgter protein
required for virus-triggered IMN-beta signaling [ J]. Mol Cell,
2005, 19:727—740
Kim CH, JohnonM C, Drennan JD, etal DNA vaccinesen-
coding viral glycoproteins induce nongecific immunity and Mx
protein synthesis in fish [J]. J Virol, 2000, 74:7048—7054
Zhang Y B, GuiJFE Studieson interferon-inducibleM x proteins
in fish [J]. Virol Sin, 2001, 16:291—298 [ )

Mx . , 2001, 16: 291—
298]
Zhang Y B, ZhangQ Y, XuD Q, etal
ral-relevant genes in the cultured fish cells induced by inactivated
virus [J]. Chinese Science Bulletin, 2003, 48:457—463]

Identification of antivi-

, 2003, 48: 457—463]
Zhang Y B, ZhangQ Y, GuiJF Interferon system and identifi-
cation of interferon system genes in fish [J]. Acta Hydrobiologica

Sinica, 2004, 28:317—322] , ,

4157—4164 , 2004,
[18] Heinz S, Haehnel V, Karaghiooff M, et al Secies pecific 28:317—322]
regulation of ll-like receptor 3 genes in men and mice [J]. J
4] TLR3 MXx
1,2 1 1
(1 , 430072; 2 , 712100)
; M x , PCR
RNA (Toll-like receptor 3, TLR3) | M x TLR3 Mx
12h (p<0 05), TLR3 48h (p>
0 05), Mx (p<0 05) GCRV ,

#]  Mx TLR3



