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Characterization and expression of immune genes in fishes, red sea

bream and rock bream

Ji Woong Jin

Department of Aquatic Life Medicine, The Graduate school,
Pukyong National University

Abstract

The type I interferon (IEN) system is.one of the most important
mechanisms for | antiviral defence. In the type I IFN response, many
I[FN-related proteins are induced for establishing an antiviral state. As a
one of the IFN-related protein, Mx protein have been.-shown<to inhibit
virus replication. While “interleukin=1 is- a. important pro—inflammatory
cytokines often used as markers—of an activated-inflammatory response.
One of the genes regulated by IL-1 is IL-8, which is a member of the
CXC chemokine family. Also increased IL-1 has been attributed to the
induction of novel Cyclooxygenase (COX) isoform (COX-2), distinct from
the well characterized constitutive activity (COX-1) and playing an

important role in immune regulation. COX-2 enzyme is induced by



various inflammatory signals, including cytokines, growth factors, and
lipopolysaccharide.

Iridovirus i1s a major fish pathogen in marine aquaculture of Asian
countries including Korea. Despite of many species affected by this
pathogenesis, little is known interaction between iridovirus and the fish
immune system. Therefore, three important immune genes, Mx, IL-8 and
COX-2 genes were cloned and sequenced in red sea bream and rock
bream. Using degenerated primers designed from known sequences, a
cDNA fragment was amplified by PCR and elongated by 5'- and 3'-
RACE-PCR to give the full-length coding sequence. The length of cDNA
of rsbMx1, rsbMx2, rsbIL8, rbIL8 and rsbCOXZ2 genes are 2381bp,
2889bp, 865bp, 888bp and 2528bp respectively and-.that translates into
628, 637, 100, 99 and 608 amino acids respectively. The. rsbMx1 and
rsbMx2 genomic sequence were found to span 12 exons separated by
11 introns. The rsbIL8 and rblli8 genomic sequence were ‘found to span
4 exons separated by 3 introns. The rsbCOX-2 genomic sequence were
found to span 10 exons separated by 9 introns. Also we studied if the
experimental infection of red sea bream and rock bream with iridovirus
could affect the expression of inflammatory cytokines, such as IL-8,
COX-2 and IL-1B and an interferon—-induced Mx genes. When injected
with poly [:C, the Mx gene peak level of lexpressed ‘immune genes in
red sea bream and rock bream was-—day -1 post injection and the
expression level of rsbMxl, rsbMx2 and rock bream Mx genes was
similar about 22fold. While, when injected with iridovirus, the rsbMxl
and rsbMxZ genes reponse was peaking on day 3 and the expression
level was about 88-fold and 208-fold respectively. However, rock bream

Mx gene was peaking on day 7 and the level was about 33-fold

_iv_



compared to B-actin. But, inflammatory cytokines, such as IL-8, COX-2
and IL-13 genes expression was low compared with control.

Cloned and analyzed various immune genes in rock bream and red sea
bream will help to understand defence mechanisms in fish after viral
infection and will also support the development of the measures for

treatment and prevention against viral infection.
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Hpo] 2] 29
Ta8% 9gd= v (CE.
Samuel, 2001). VEHAZLE 37HA o) Bt o.2 ol glon #xat
e, @A Fej 2 s o3 EF8IATE IFN=a®t IFN-B=
TAE type I IE#HE2 dF29] AxolA] EH|=H Hioje] THAES
e F23% 93k Sk WHH IEN-yQ! type 11 1EHE2 natural
killer cell?} helper T celld] ¢J&] #H]¥™ interleukin-12 (IL-12),
IL-18, mitogens B ol o8] F=HHo] A Ee] FAS FA
At vlolH 2 ol tigh QIHHES &nbolef = 2871 e ploly
2o dE MEs AYAES BHsHl = Q1 e M+ protein
kinase R (PKR)& AJAdstel Azt dids AAstA &3hA sty
RNAse L& AA3te] RNAS3AS ahA] HatA go=m M E7t

=

vlol g =& ALshA] XStES ghr). HEgk QIEHES UM E Mx
proteing XS fFr=ste] Fmfelelx AEE Frh (Stephanie
Johanna Dewitte—orr, 2006; Bgrre Robertsen, 2006).

type 1 QA Eo] 93] HFE5+= Mx proteine &nfo]g] 2~ thulz o]

t}. Mx proteine F 9 influenza resistant line (A2G)o]A SO0 =



A HPo, o]EL orthomyxovirus influenza Aol A&Ado] At
34 Xoj#Ht} (J. Lindenmann, 1962). Mx protein< high—molecular
-weight GTPase 2] dynamin superfamily®l] <3t} FH o= Mx

_

gene® sequence WA& F3d Mx protein®] 37|E  o]F
GTP-binding domain¥} dynamin family signature’} JAth= A&

o 7@ Fupolels BHL vehdrh Ed s

?‘51—/\010-1 m:} ]—] A

UL
HAl gde]  EAS= leucine  zipper motifis  Mx  protein9]
oligomerization 9&-& 3rf. dA ofFA HiE Mx gene
European perch (Perca fluviatilis)E & Wit 2& A48 §
&4 rainbow trout (Oncorhynchus mykiss), Atlantic salmon (Salmo
salar), bastard halibut (Paralichthys olivaceus),-gilthead seabream
(Sparus aurata), channel catfish (Ictalurus punctatus), turbot
(Psetta maxima), barred knifejaw (Oplegnathus fasciatus) 2 &<
offtel M BuHe I SH& &AL 5 AT (P.Staeheli ef al., 11989;
Trobridge GD | & Leong JA, 1995, Trobridge GD et al, 1997,
Robertsen B et al, 1997;" Lee JY ef al, 2000; Tafalla C et al,
2004; Plant KP ‘& Thune RL; 2004; Abollo E et al, 2005; Zenke
K & Kim KH, 2008). =& < |AoA fraid AxE ]&3ste] in
vitro 3ol Mx protein hirame rhabdovirus (HRRV) ¢} viral
hemorrhagic septicemia (VHS)2l &A=& SA|sttt= A+ (Christopher
Marlowe A. Caipanga et al, 2003)%} Atlantic salmonol|4 Mx
isoform % Mx1< infectious salmon anaemia virus (ISAV)<}
infectious pancreatic necrosis virus (IPNV)¢ HAE JAstt= o

T7F HEF AT (R, Larsen et al, 2004).
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5%, A A corticosteron levels® <7} cytokine network? &
AL el M 5 RkeS frlste €49 endotheliume] 25
S dot} E=g thE 4% cytokine?l IL-82 IL-1°] 93] &
o2 CXC chemokine & sl=Al theFst Mo &) #v]Ew, 74
I dSFH WEFE Fste] FHAES Wolsle FaE 4TS
7+

3ttt (Laing &  Secombes, 2004). Xr

-~

Glu-Leu-Arg® ©o]Fo]x ELR motifZ 7FAH, o]AL& receptorE <l
Aslal 2155 BUed & dQ it} (Clark-Lewis et al, 1991), $v]
%= ELR motifi= ME5E st EAstA7]= BE CXC
chemokine®] Ao} "ol EASAI R, TE 7] & St chemokine
o= e EAskA =ttt AFolA = haddoc IL-83} ‘Atlantic cod
[L-85 A9l o] A=olFelA incomplete ELR.motif® &3¢
o dA ofFolA BHIAH IL-8" gene>. haddoc (Melanogrammus
aeglefinus), Atlantic cod (Gadus — morhua), black porgy
(Acanthopagrus schlegeli), bastard halibut, Japanese sea perch
(Lateolabrax japonicus), Atlantic salmon, rainbow trout, common
carp (Cyprinus carpio), Fugu rubripes (Takifugu rubripes)s2

ofFoll A Raxol 1 EAE gld 4 v} (Corripio-Miyar et al.,



2007; Seppola M. et al., 2008; Zhonghua C. et al., 2008; Lee et
al., 2001; Fujiki et al, 2003; Abdelkhalek NK et al, 2009; Chen
et al., 2005; Laing et al, 2002).

Prostanoidsi= Cyclooxygease (COX)Ztal t] # <&z PGHSO| 2
al A=, arachidonic acid& prostaglandin H22 WA 7)== Fuj
28-S 3t} (Herschman, 2003). COX enzymeoli= COX-1, COX-2
a2]ar COX-3 37FA17F ¢e A 9o, COX-3+= COX-19] splice
variant® frameshift mutation®Z <ls] A7 COX-1b HE+= COX-1
variant (COX-1v)gtal E2]7]% gt} (Chandrasekharan NV et al,
2002). 7124 o2 Alghe] A9 COX-1¥ COX-2% amino acid7b A
2 9 60-65% YAIStH enzymeo €/4-& HI=SEA|RE XA we}
COX-13 COX-29 23 F2 =tk COX-12 A&d, A%, da,
ANIAME & 25 289 4 YAZFoeZ EASE constitutive

enzyme©| A9, COX-2+= A EoA A= A4 2th7t ti 2 Al xy

kv
f

AZH-2lol A growth factor, cytokines ZL#] il endotoxine 53}
22 inflammation mediatorell 9JsiA| Aol fX¥ = inducible
enzyme®]t} (B. Francesco ef al, 2003). ©¢JFol4x & #H<t rainbow
trout ¢+ brook “trouts (Salvelinus fontinalis), -Atlantic croaker
(Micropogonias undulatus), mummichog (Fundulus ~heteroclitus),
longhorn sculpin (Myoxocephalus octodecemspinosus),
zebrafish(Danio rerio)s HR% °]7FolA COX-13 COX-2 geneo| Bf
ML COX-29] 45 Attt o] d5wes wilsts AL B
3% 31 )Y} (Ishikawa TO & Herschman HR., 2007; Roberts SB et
al., 2000; Havird JC et al, 2008; Choe KP et al, 2006; Havird JC



et al., 2008).
o Foll A H]Eo]ZQl ®o] 7|22 A digk AEAdel Sl A%

SO
=
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S
A

CHNVE} VHSVe] e ofFollAl Eo]4<Ql cytotoxic T cells®] &)
st Aoz FHERY] widl (Boudinot P et al, 2001; Somamoto
T et al, 2002) ARG E AFEA factorsel &) wi/ld &= UL
oltt. 1} 4 I #HA FEH " 5ol Hd o] 7]#to] 4]
W}E AAZC, agE R oyt n
Fow JAHETHE AAse A2 mlolg o] g A&l Sl
23 factorgS olslst= dol Fositta & 4

iridoviruse= A AMAA 2 vget F2 sfqbol-gl whaojo] A A A
o7 Az EAE o) Al ew, EHA - FEUE A=
iridovirusell &3+ #a&ll= H7tek dAoln}, o o]FelA iridovirusel
gk AT7F AEH o o] FofX| L AIRE GIH Q] A S HA oYY
ol A 4 U MA LS A= virus| BRE ofYE}t virus 7l
2 ojA o] WHREE Wk o AgtEojof shnf wets E A= <
gl o8 f=&Hv Fvpejss wrElESl Mx protein ¥ pro-
inflammatory ©@®¥&el [L-8¥ COX-2 gene® cDNA%} ‘genomic
DNA sequenceE 38 ~GenBankell =5 ol 9% 92+ gened

Mlarskel 1 RAHel 5AS BASGh olE fAAE olF7b virus
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Manual of Diagnostic Tests for Aquatic Animals (OIE, 2009)9l
3t EZ3 o]F7) thE o] Fo vl&l iridovirusol ©% sensitive 3}

& H3 sensitive bt Eelar gtk Tl 52 Inouye et
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al. (1992)°] 9l&) iridovirus7} Ao 2 Faw ofFoln, "Hztsitia
d A dom thREe AFZAH FEol iridovirusel] f&] B2 FHA
7 dojdtial HuxEa vk (Wang et al, 2003; NAKAJIMA K et
al., 2001). stA|RF @A} F-2jvpet 2ol A= iridovirusel o8 =+
< afrtrh @2 d&f7F dojrbar AIRE (Jung and Oh, 2000), Frol
M A A dojubA] A Qv o] dk AN S vl o A
o] ZfolE Hole F ofF =EiF

virus defence mechanismol] Q3 9z & Fo=Z Holx Mk,
[L-8, COX-2, IL-1B fFxxte] WdAFS vlauste] virus 79 Al o§F

1=
o AA Aol tE 7)1 RANE Fratndt st
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2. 39 H-AA9) cloning

2. 1. Total RNA ¥3g

RNA ##8 %*2< homogenation 3Fil TRIzol 500" #7131
pipettingdt ¥ Ao Al 5L WESAIZE. 1 % chloroform
(Sigma-Aldrich) 1005 #7}sle] invertingsiA 22
S AT W-gol Eu 4T, 12,000g914 1583 ARk, A
SNMNS Al microtube® ATE 7)o AEoft B9 isopropanol
(Sigma-Aldrich)S #7}3le] invertingdt & 2 2o|A 10E7F ¥k3 A

Atk 19k F 4T, 12,000g oA 103 U4 EElste] deds

é
2
—
)
M
o
=



A AEIL 70% ethanolS FH7}sle] thA] 4T, 7500g0 A 583 44 &
gl Ao dE AASIT. I HHELS 10837 2o A A A x4
7 Nuclease—-free water (Hyclone)® & 3+ T Alg A 71#] -70T

o 4 1k s,
2. 2. RT-PCR

PCR tube®ll reverse transcriptase 0.5ux¢, buffer 20, dANTP 2pul,
Oligo(dT) primer 1p, total RNA 1pgs 3l total volume©®] 10x0°]
% Al Nuclease-free water< H7Fst %, 427TCelA 603, 99TCHA 5
ZF HES A TE 7)ol THES R cDNAE PCR Whg-ol A template®
AFE3F3 T, PCR amplification= Perkin—-Elmer 2400 thermal cycler
(Perkin-Elmer, Norwalk, CT, USA)E Ak&3sk3lom PCR &S 9
5Col A 387+ pre-denaturation A|ZI %, 95€C 30% denaturation,
55C 30% annealing, 72CI 30% extension® HEE-S 1 cycle® 3}9]
30 cycles® WHSAIHTE I %, 72TColA] 73F post-extension Al 7
o $ZH AES 05 ug/ml ethidium bromide (EtBr)7} 71 1%
agarose gel= €59 0.5X.TAE buffer (40 mM Tris=acetate, 1 mM
EDTA)o| Yol A7|9-5& Arsk E-lsiid.



2. 3. Cloning

w5429 cloninge TOPO-TA Cloning Kit (Invitrogen Co.,
Carlsbad, CA, USA)E AH&3te] cloning a3tk -4 F% % DNA 4
wE Al micro tube°l] &%l ¥ salt solution 1, distilled water 4,
TOPO® vector 1utEs #7ksto] A2olA 108zF wHEAIZT 1 Hol
competent cell (E. coli DH5a-T1® OR) 50E # 7}kl iceolA 20
w3 HbSAI7]aL, 42Tl A 30%%F heat-shock AlFTh BEZ icedl

\)

~3%3F ¥ % SOC (Tryptone 20 g/L, Yeast extract 24 g/L,
NaCl 0.5 g/L, 250 mM KCI 10 mg/L, 10 m¢ of a sterile solution of
1 M MgCly, 20 mé filter sterile 1 M glucose/L) Bl A 250 ¢ A 7}sf
aL, 37°C, 902RF W'u <k Azl

Hj kNS X-gal (5-Bromo-4-chloro-3=indolyl-B-D-galactopyrano
side, Sigma, USA) 40 pg/ml¥} Ampicillin 50 pg/m7F 78 LB
(Luria-Bertani, Difco, USA) H3#ujX|o]] =@ste], 37TColA 24 AJzH
S WA R TE st gae] Heto] SA S AS 2
Aoz e FHES A9ste]l Ampicillin 50 pg/m7k H7bE LB
brothell A% ¥, 37°Co|Al 2443t wFato], GeneAll® Plasmid SV
Mini kit (GeneAll Biotechnology, Korea)Z ©]&53sl] plasmidES &

a3l

o

=

b,

o
ol

]



3. Y429 complete ORF ZA

3. 1. Degenerated primer® A%}t

GenBankel 5% o A+ Siniperca chuatsi (AY392097), Lates
calcarifer (AY821518) 1¥]al Sparus aurata (AF491302)9] Mx
gene® mRNA sequenceE A]&E H|W3}o] conserved 3t regions 2t
o} degerated primer (dgpMx F, dgpMx R)E AZslar, IL-82
Acanthopagrus schlegelii (DQO00611), Gadus morhua (AY614593),
Melanogrammus aeglefinus (AJ566335), Lateolabrax japonicus
(DQ8/55621) 1¥]aL Paralichthys olivaceus (AF216646)2] sequence
Z d|1d}e] degerated primer (dgpll.8 F1,2,dgpll.8 R1,2)S A #3193
3l COX-2 genei= Oncorhynchus mykiss. (AJ238307), Salvelinus
fontinalis (AF158373) “L2]al Micropogonias undulatus (AB292357)
9] sequenceE H|usle] degerated primer (dgpCOX2 F, dgpCOX2
R)E A|Z3le] | Polyinosinic-polycytidylic acidsodium = salt, ¥
—irradiated (Poly = I:C, . Sigma=Aldrich) 500pg/fish- %= . Vibrio
anguillarum (PT493). °F 1.18 X< 10° ICFU/fishes& 27 FA}3}o]
24h B9t AFAIZ EF5 -3 Ee livero 4] 23k RNAE template®
&= RT-PCRell AR&H ATt

Degenerated primerE A3t RT-PCRS 3 Z 3} veld product
£ clonings}tal sequencingste] ¢Al © 7} 3 2F2] partial sequence
o] RACE-PCRS 3l=dl B Q3 primerE A28t #1238 primer

= Table 13} Table 29 eERHSITE

_10_



Table 1. Primers used for red sea bream immune gene cloning

Object Gene Name Sequence (5' to 3")*
Mx F GCTGGAGGCGCTGTCAGG
Mx
Mx R CTTCAGGAGGTGGATGACCTC
For partial
IL8 F1 CTGCRMTGYCGCTGCATYS
cDNA 1L-8
. IL8 R1 TCARAGTKGCAATGATCTCRG
cloning
COX2 F GCTGGGARGCCTATTCCAA
COX-2
COX2 R TTGGTGAACGAMTCSACVAG
5" RACE rsbMx first GGACAATTTCAACCACCGTCTCTTCTGTGCC
5" RACE rsbMx nested GTCACAATGCCACTTCCTCTTGGCAGAGCC
Mx 3" RACE rsbMx1 first GCTGCCGCTGTCAAAGGCAACTCAT
3' RACE rsbMx1 nested CGGGAGCGGGTCGGGGATCAGTAAT
3' RACE rsbMx2 first ~ CCTGTGGGCTCCAGACGCTCAACTCA
3' RACE 1sbMx2 nested CCGGCATCGCCAGGGTGGCTGTAAA
For full
5' RACE rsbIL8 first GCCTCGGGGTCCAGGCAAACETCTT
length of
5' RACE rsbIL8 nested GCGGCCGATGGGTTTGCTCTCTGTT,
gene IL8
3' RACE rsbIL8 first AACAGAGAGCAAACCCATCGGCCGC
3' RACE rsbIL8 nested AAGAGGTTTGCCTGGACCCCGAGGC
3' RACE rsbCOX2 first CCTGTGGGTCCGGGATGAACTCTCT
coxl 3' RACE rsbCOX2 nested GGGGGAGGGTGCGCGTATAGTAGGA
)&
5' RACE rsbCOX2 first GGGTGTGTGATGTGTTGAAGGAGGTC
5' RACE rsbCOX2-nested GCTGCTGTTCAACCAGCGCTTCCAG
rsbMx1-UTR F GTGTCCATTTAGTTTTAGT
rsbMx1l UTR R GCTCCTTTCACCCTGAACAC
Mx
rsbMx2 “UTR-F CCTGTGGGCTCCAGACGCT
For genomic rsbMx2 UTR R ACAACTCCCCATACGCTGAC
walking rsbIL8 UTR F GCAGCTGAACCAAGAAAAGG
IL-8
rsbIL8 UTR R TCAGAGCAACTCCTGAATCC
rsbCOX2 UTR F CTGAGCTTCAGAGCGACACA
COX-2
rsbCOX2 UTR R CTGCACATTCTGCGACTGAT

* Degenerated positions R:A/G, S:C/G, Y:C/T M:A/C K;G/T V:A/C/G



Table 2. Primers used for rock bream immune gene cloning

object Gene Name Sequence (5' to 3')
For partial dgpIL8 F2 GTGCTCCTGGCCCTCCTGA
IL-8
cDNA cloning dgpIL8 R2 TCAGAGTGGCAATGATCT

5" RACE rbIL8 first TGGCAATGATCTCAGTCTCCTCGCAGT

For full length 5" RACE rbIL8 nested GGCAGTGCATCTCCATTCCCAGACTTC
IL

of gene 3' RACE rbIL8 first TGCATCCAGACAGAGAGCAAACCCATC

3' RACE rbIL8 nested TGCGAGGAGACTGAGATCATTGCCACT

For genomic rbIL8 UTR F AACAGCAGAGCAAGAAAGCA

IL-8
walking rbIL8 -UTR R TCCTCTGGTATGGCATGTGA

_12_



3. 2. RACE-PCR (rapid amplification of cDNA ends—-PCR)

GeneRacer™ Kit (Invitrogen)= cDNA®] &1 gl U G7]A
< o]&3le] cDNAQ full-length 5'-#} 3' endsE& H3&A &=

9] immune genes?| ¢4Hg cDNA @7 ES AAHs7] Al AFEES
ot WA total RNAC 5'¢] phosphatesE calf intestinal phosphatase
(CIP)E A 3lA AAS F, 5' cap structureE A A3F7] 2130 tobaco
acid pyrophosphatase (TAP)E 23 Ut} T4 RNA ligase® 5'
end®l GeneRacer'™ RNA Oligo2 ligase 3t} ligated RNAL
GeneRacer™ RNA Oligo dT primer2 93} =t} 5 end:=
GeneRacer™ 5' primer®} gene specific first primer® first PCR&
3 =, GeneRacer™ 5 nested primer$} gene specific nested
primer® nested PCRE 3}4th 3' end® GeneRacer ™ 3' primeret
gene specific first primer& first PCRS 8k %, GeneRacer™ 3'

nested primer®} gene specific nested primer® nested PCRS <-3Y
ST

Nested PCR<. Perkin-Elmer 2400 thermal cyclerE AF&3}e], 9
ATCo A 287t pre—denaturation A7l %, 94C 30% denaturation,
65C 30% annealing, 68C 303 extension®) ¥k 1 cycle® 3}
25 cyclesE WHEAIFH T 18]32-68CollA 1087F post—extension A
ATk

RACE-PCRE %3te] 9 productst TOPO-TA Cloning® Kit®
cloningslo] @& white colonyE ampicillin 50xg/mée] FH7Fe LB
brothol wjeFst & o] wjFAol A plasmidE 2|8t sequencing 3}

1.
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4, A9 FA42¢ Genomic organization 4]

4. 1. Total genomic DNA #¢

=53 FEe genomic DNAE 74 ofF9 =% ¢ 10 mg=
AccuPrep® Genomic DNA Extraction Kit (Bioneer, Korea)& Al-&a}
o AzAFe] protocoldll wEl #F 50ule] elution bufferE ARE3}]
total nucleic acidsE ®2]3}th 23 DNAE 23 #A7px -20C

A BT}

4. 2. DNA walking

Z} ol Fo A EE8 genomic” DNAE template® 3Fal ¢DNAZ
sequences 7|12 % 819 A &8t primer (Table 1, 2)& AF-&3Fe] PCR
= AABE Y. o] A2 fullslengh genomies DNAS| 1714 <€5 AA s
exon¥ intron? $IAE &RI35}7] 915t4 genomic DNAE template
st PCRoll AREH AT
PCR =391 Microtubedl 10 mM Tris-HCl (pH 8.3), 50 mM
KCl, 1.5 mM MgCl., 0.001% “(w/v) gelatin, 0.5% Tween-20, 200
pMel 7z Zke] dNTP, 1 wMel 2+ 748 primer, 1.25 U AmpliTaq
DNA polymerase (Perkin-Elmer, Norwalk, CT, USA) % template

Rl

et

DNAZEA FZ% viral nucleic acidsZ® H7}3F & distilled water®
PCR &3tE FZF volume©] 207} = A skl PCR amplification<

Perkin-Elmer 2400 thermal cycler (Perkin—Elmer)E A}&3}% 0,
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PCR Z7& 94ToA 353+ pre-denaturation A7l ¥ 94T 30%
denaturation, 55C 30% annealing, 72C 30% extension® #-£-S&
1 cycle® 3l9 30 cyclesE& WHSAHY. 28]ar 72ToAA 7EZE

post—extension At}

5. @71M<E9] Hla &4

5. 1. Mx gene®] H|1

rsbMx1¥} rsbMx2¢] amino  acid®} Genbankd] GSF%o] U=
gilthead seabream (Sparus aurata, Mxl1, AF491302; Mx2,
FJ490555; Mx3, FJ652200; Mx4, FJ490556), barred knifejaw
(Oplegnathus fasciatus, Mxl, EU807985; Mx2, EU807986; Mx3,
EU807987), bastard halibut (Paralichthys olivaceus, AB110446),
turbot (Psetta ~maxima,  Mx1, AY635932; Mx2, AY635933),
European seabass (Dicentrarchus labrax, AM228977), rainbow trout
(Oncorhynchus mykiss, » Mx1, U302563; Mx2, ~U47945;, Mx3,
U47946), Atlantic salmon™ (Salmo salar, Mx1l, BT043723; Mx2,
NM_001123690; Mx3, NM_001123675), zebrafish (Danio rerio,
NM_182942), channel catfish (Ictalurus punctatus, AY095349),
human (Homo sapiens, BC032602), chicken (Gallus gallus,
EU348752)%] Mx genes< BioEdit program¥ GeneDoc softwares
o vasR ko Mega 4 softwareE ©]-83}% phylogenetic tree

2 UEhl Bt
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5. 2. IL-8 gene9 H|

rsbIL-8%} rblL-82] amino acidE& Genbanke] 5=%°] )+ black

porgy  (Acanthopagrus  schlegelii, DQO0061), sea  purch
(Lateolabrax japonicus, DQ855621), Fugu rubripes (Takifugu
rubripes, NM_001032587), bastard halibut (Paralichthys olivaceus,
AF216646), rainbow trout (Oncorhynchus mykiss, AJ279069),
Atlatic  salmon  (Salmo  salar, = NM_001140710), haddoc
(Melanogrammus aeglefinus, AJ566335), Atlantic cod (Gadus
morhua, AY614593), common carp (Cyprinus carpio, AB470924),
chicken (Gallus gallus,~NM_205018), human (Homo sapiens,
NM_000584)¢] IL-8 gene® BioEdit program¥ GeneDoc. software
= Z3) Husfreke™ Mega 4 software= ©]-83}o] phylogenetic

tree= WER] B SIT

5. 2. COX-2 gene®| H|

rsbCOX-2 gene®] ‘amino acidE Genbankol| &5¥ o] 4= Atlantic
croaker COX-2 (Micropogonias undulatus, AB292358) rock bream
COX-2 (Oplegnathus fasciatus, FJ952157), longhorn sculpin
COX-2b (Myoxocephalus octodecemspinosus, EU703783),
mummichog COX-2 (Fundulus heteroclitus, AY532639), rainbow
trout COX-2 (Oncorhynchus mykiss, NM_001124348), zebrafish
COX-2a (Danio rerio, NM_153657), human COX-2 (Homo sapiens,
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NM_000963), chicken COX-2 (Gallus gallus, NM_001167719),
Atlantic hagfish COX-2 (Myxine glutinosa, EU703785), spiny
dogfish  (Squalus  acanthias, = AF420317), human  COX-2
(NM_000962), longhorn sculpin COX-1a (EU703784), rainbow trout
COX-1 (NM_001124361), Atlantic salmon COX-1 (BT045745),
zebrafish COX-1 (NM_153656), mummichog COX-1b (EU703781),
Atlantic croaker COX-1 (AB292358), longhorn sculpin COX-1b
(EU703789).9] COX gene} BioEdit program® GeneDoc softwares
B8 vasR ko™ Mega 4 softwareE ©]83}4 phylogenetic tree

2 UERH E 3t

6. Wl g Ao WA
6. 1. In vivo'dolA el HIHES-

X9 S5 ZE poly “I:C 500  pg/fish, sachun type
iridovirus2 ¢ 10° copies/fishs 27 o] FAlstol 1Y .3Y 79 Fo
7}7) 31, control®A MEMS& FA}gH
5% FE% 3vEY liver® 7 2 th. 24S homogenation
3 % total RNAS E|gta, 1 ugo® %F F Oligo dTZ RT-PCR
S Al ste] cDNAE 9] Mx gene, IL-8, COX-2 gene, IL-1B2] @

& A= Hasgi

|
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HAFHAAE AR FY 29S8 Rotor-Gene'™ 6000 (Corbett
Research, AUS)E AF&38F2ith. 0.2 ml microtubedl SensiMixPlus
SYBR (Quantace, USA) 10 b, 1 pM®e 2t2te] primer, template
DNA=ZA 7} d#H cDNAE H7bgk &, distilled water2 PCR 3=
<& volumeo] 20 p7} A 33l T}, Real-time PCRe| %712 95T
A 10%3F WHES $ 95T 10%, 55C 15%, 72T 20%9] W&&

—

cycle® 3t 40 cyclesE WESAIZ T w2 cycle $ol& B HES
Eo| diste] 72CHE 95C7HA 2] oA melting curve 418 2
AlSFA Y. immune gene?| WETL B-actin? target gene?] W] Lo

2 god dgFow H etk immune gened] AlAPHE thEd

®

ACt = target gene Ct - B-actin Ct
AACt = ACt iridovirus ACt control

: -AACt
Gene expression = E

o 7)ol 4] Cti= threshold cycles 278t , Ei= PCRE| efficacy©o|™
1.98 o]3le] efficacyS. LFEFH isample AR&EHA F9kth. A}E-3F
primeri<= Table 3. o] YEIHAEk

T3t B-actin® vl genel & UTFE reference gene?l GAPDHE At

S8l
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Table 3. Primers used in the study

Name Sequence (5' to 3') Size(bp) Object
rsbB-actin F GTGCCCATCTACGAGGGTTA
rsbB-actin R CTCCTTAATGTCACGCACGA 156bp expression of
tbB-actin F CAGGGAGAAGATGACCCAGA B-actin
rbB-actin R CATAGATGGGCACTGTGTGG 154bp
rsbGAPDH F GGTAAGCTGACAGGCATGG
rsbGAPDH R TGTAACCCAGCACTCCCTTC 134bp expression of
rbGAPDH F GTGTGTTCACCACCATCGAG GAPDH
rbGAPDH R AGGAAGCGTTGCTGACAACT 1356p
rsbMx1 F CGCTGTCAAAGGCAACTCAT
rsbMx1 R CCAGAGAGCGGAGAGAGTCA 127t
rsbMx2 F GCTCCAGACGCTCAACTCAT expression of
rsbMx2 R GGACGAACCCTCTCCTCATA i Mx
rbMx F GATCGCCTCTCCTGATGTTC
152bp
rbMx R ACCACCAAGCTGATGGTTTC
rsbIL8 F GAAGGTGGAGCTGATTCCTG
rsbIL8 R CTCAGCGTCTTCTGCTGTTG O expression of
bIL8 F CCCTCCTGACCATCAGTGAA TL-8
rbIL8 R TGATCTCAGTCTCCTCGCAGT ¥ o
rsbCOX2 F TTCTTCGCACAGCATTTCAC
rsbCOX2 R AAGCTTGCCATCCTTGAAGA =t expression of
tbCOX2 F ACCTTGTGGAGTCGTTCACC COX-2
rbCOX2 R CATGGAGAATCGCTTCCTGT 134bp
rsbIL1b F GCGAGCAGAGGCACTTAGTC
142bp _
rsbIL1b R ACAGTTACGGCCTCAGCACT expression of
rbIL1b F ATCTGGAGACGGTGGACAAC IL-1B
rbIL1b R GCTGATGTACCAGTCGCTGA 1420p
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o. 2 3

1. cDNA cloning® 97144 &4

1. 1. Mx gened 947144 &4

poly I:C® 24h &<t =3k 59 liverol A total RNAE 2] 3}o]
oligo dTZ RT-PCRE& & % sequence?} &l o9 conserved
regionol| Al A%t degenerated primerg °©]-&3dto] PCRES 33 2
¥ 559 bp9 product®: = = AU ©] productE TOPO-TA
vectore] cloning g % @7IA LS AASHAL BLASTE &3l &<ls)
2 A3 Mx genede] gl HAUATE. Mx gene®| partial sequences ©|
43}o] Mx gene?] full sequenceE ZAsH7] 98] RACE-PCRS A4
kit 5' RACE 23 d719% ZelA= shte]l bandz HSion
sequencing 23 304 bpet 322 bpe FHY AFE . AS 4 T
Z}7} rsbMx1, rsbMx2ehal "8k th o] & gk A= 5° RACE-PCR
o] A3t primer7t F+ FAA E5Fol conserved st 5° RACE-PCR
A3} rsbMx13¥ rsbMx2 EF detection & 4= g%tk 5 RACE A}
= 7|12 % t}A] 3' RACE primerE #|%}ste] 3' RACES A A3k A3
747} 1925 bpek 2335 bpel product®: V& F AReH A&

T —
TOPO-TA vectorel] cloning 3 & A7|HEdS AASUY. 1 A3
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2381 bp2 rsbMxl gened} 2806 bp2 rsbMx2 gene?] full sequence
E 9e F AMeH Mx geneolA HolHowm UYBELE motifl
dynamin family motif, GTP-binding domain “12]3l leucine zipper
domain ©] EAfst3lth o2k A& Fig. 1-2.9] =213} gklen, 1
A3t 29l ® Mx1 gene¥} Mx2 gene?l full sequencei= Fig 3-4.°|
UERH A
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0 200 400 600 800 1000 1200 1400 1600 1200 2000 2200 2400
[ | 1 [ [ 1 1T 1T 1T 1

5" —untranslated region (114bp) Openreading frame (1881bp) 3" —untranslated region (386bp)
T I 1
. ATG TAG -
AP Mx F

359bp == dgp MxR
5"RACE inner primer =——3p
—
304bp €= 5 RACE rsbMx nested

3'RACE rsbMxl nested =3

1925bp & 3'FRACE inner primer

rsbMx] gene cDNA, 2381 bp

Fig. 1. A schematic illustration of the rsbMxl cDNA cloning in res sea
bream with position of the primers used in PCR and RACE-PCR /(gray
region : UTR)
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0 200 400 600 800 1000 1200 1400 1600 1800 2000

2200 2400 2600 2800 3000

L | 1 (L UL 1

5" —untranslated region (126bp) Open reading frame (1914bp)

1T 1T 1T 1 1

3" —untranslated region (766bp)

I I 1
- ~
dgp MxF =3

359bp €= dgpMxR
5"RACE inner primer =3

322bp <= 3'RACE rsbMx nested

3'RACE rsbMx2 nested m——p

2335bp

€«
3'RACE inner primer

rsbMx2 gene cDNA. 2806 bp

Fig. 2. A schematic illustration .of the rsbMx2 c¢DNA cloning in tes sea

bream with position of the primers used in |PCR and RACE-PCR | (gray

region : UTR)
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AAAGTGTCCATTTAGTTTTAGTGCGGAAGCTGCTGCTGTCAAAGGCAACTCATATCCAGCTGATTTAGTCCTTCCTACAC
ACAATTTCTTCACAGCAGACAAGAAGTGAGCAGCATGAACACTCTGAACCAGCAGTATGAGGAGAGGGTTCGTCCCTGCA
M NTLNOGGQ@YEERVRPTC

TTGACCTCATTGACTCTCTCCGCTCTCTGGGGGTAGAGAAGGACTTGGCGCTGCCTGCTATCGCCGTGATCGGAGACCAA
I DL I DSLRSLGYEKDLALTPIAIL AV I GD

AGCTCGGGGAAGAGCTCTGTGCTGGAGGCGCTGTCAGGGGTGGCTCTGCCGAGAGGAAGCGGCATTGTGACAAGATGTCC
[SSGKSSVLEA AILSGVA[LPRGSGI VTRI|CTP

TCTGGAACTGAAGATGAAGAGAAAGAAGGAAGGAGAGAAATGGTACGGGAAGATAAGCTACAAAGACTACGAGGAAGAGC
LELKMKRIKIEKEG GEI KWYGK I SYIKUDYETETE

TAGAAGACCCTGCAGATGTGGAGGACAGCATTAGAGAAGCTCAGGATGACATAGCCGGGAGCGGGTCGGGGATCAGTAAT
LEDPADVEDSIREAQDDI AGSGSGI SN

GAACTCATCAGTCTGGAGATCGCCTCTCCTGATGTTCCAGACCTGACGCTCATTGACCTGCCCGGCATCGCCAGGGTGGC
ELI SLEI ASPDVPDLTLI[DLZ®PG|I ARVA

TGTAAAGGGACAACCAGAGGACATCGGAGACCAGATAAAGAGACTGATCCAGACGTTCATCAAAAAACAAGAAACTATCA
VKGQPEDIGDOQI KRL I Q@TF I KKQQETI

GTTTGGTGGTGGTACCAAGCAACGTGGACATAGCAACCACAGAGGCTCTGAAGATGGCTCAGGAAGTGGATCCTGATGGA
SsLVVVPSNVDIATTEALSIKMAOQEVDT®PDSG

GGGAGGACTTTGGGTATCTTGACCAAGCCTGATCTCGTGGACAAAGGCACAGAACAGACGACGGTTGACATCGTCCACAA
GRTLGI LT KPDJLsYVDKSGTTEAQTTV D= VHN

TGAGGTCATCCACCTGAAGAAGGGCTACATGATCGTCAAGTGCAGGGGTCAGAAGGAGATCACAGAGAATGTGTCTCTTA
EVIHLKKGYMI VKCRGAQQKTETITENVSL

CTGAGGCAACAAGAAGAGAGAAAGCCTTCTTCAAAGATCATGTGCATTTCCACATICTTTATGACGAAGGCCACGCCACT
TEATRR RE KFASRF K D H_ 4 HaFHE Sy DpF G H4y AT

GTTCCTAAATTAGCTGAAAAACTCACACTTGAGCTGGTGCATCATATCCAGATGTCTCTGCCTCAACTGGAAGATCAGAT
VPKLAEKLTLELWVMHHIAG@MS LPQQLETDAQQ:!

TGAGAAGAAACTAGTACAGACTCGTGCAGAGCTGGAGAGATTAGGCGACGGACT TCCACCTGATGCAGCCGAGAGACTCG
EKKLVQTRAELERLSGDG GLZPPDAATERIL

TCTTTCTCATTGATAGAGTGACAGCATTTACACAGGAGGCCATCAACCTCGCTACAGGGGAGGAACTCAAAAGCCTCAAA
VFLIDRVTAFTAOQQEAINLATSGETEILIKSILK

ATCTTTTCCGTACTAAGGCGAGTGT TTGCAGTGTGGAAAGGGACCATAGATCAGTATGGGGTAAAATTCAACTGGAATAT
I F SVLRRVEAVWKGT I DQYSGV KFNWN I

TGAGAAACAGGTGGCTGAGTATGAGCGGAAGTACCGTGGAAGAGAACTGCCGGGGTTCGTCAACTACAAGACCTTTGAGG
EKQVAEYERKYR“GRELPGF VaoN'Y KT F E

GCATGGTCAAGGAGCAGATCAAACAGCTGGAAGAGCCTGCTGTCCTGAAACTCAAGGAAGTATCAGAAATTGTGAAGGAA
GMVKEQGI KaoaLEEPAVLELKLKEV"SE I VKTE

GAGCTGTTTAAGGTGGCACAGAGCAGCTTTGTTGGATTCCCTCATCTCATCAGAATAGCTAAGATGAAGATTGAAGCCAT
ELFKVAQSSFVGFPHLTIRIAKMMKIEA./I

CAGAAAGGAGAATGAGAGTACAGCAGAGTCCATGCTGATGACTCAGTTTAAGATGGAGTCGATCGTTTACACTCAGGACA
RKENESTAESMLMTAQQFKMESI VYTA QD

Fig. 3. Continued.
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GCGCATACAGCAAGAAGTTAGGGAAGCGGAAGAGAGAACCTGAACCAGTTAACAAATACAATAATGACAGTGTGGCCACC 1680
S AYSKKLGKRIKRE®PEPVNKYNNDS SVAT

CTGATAGAGATGACCAAACACCTTAAATCCTACTACCAAATTGCTGGCAGGCGTCTGGCTGACCAGATCCCCCTGATGGT 1760
L1 EMTKHLKSYYQal AGRRLADG GI PLMYV

CCTCTACCAGATGGTGCAGGAGTTTACCATCCAGCTGCAGAGGGAGATGCTGCAGGTGATTCAGGACAAGGAGAAAATCG 1840
Lya™MvaEeEFTI QLAQREMLAOQQV I Q@QDKE K I

AGTCCCTGCTCGAAGAGGAGTCTGGCATCACAGTCAAGAGAATCAACCT TCAGAATCGCCAAGAGCGCCTGAGAAAGGCA 1920
ESLLETETESGITVKRINTIBEOQGQNRGOGGQERTIER RTKA

CGCGTGCTGTTGACGGACTTCAGTATGAACATATACAGCTTCAGCAAAACAAAACTGCAGTGTGAACAAGATTTGTATTA 2000
RVLETDFSMNIEYSFsSKTKBEaqcCEOAQDTEHY =

GAAGAAGTGGATGACATATTATTATTATTTAGGCTTTTTGTTCGTTTTTCTCATGTTTCATTAATGATTCCAAACTTGTA 2080
TTTCTTATGCCCAGTTTTCCCATTCAATGGTCTTATTTTCTGAATGACAAGCAACATACACTGTAGGGTATGTAAGGTCC 2160
ACAAAATATAGCAATCCTAAATACTGGCAATATATTATTCTTTGTAGTGTGTTCAGGGTGAAAGGAGCCAGTTTGCTAAT 2240
AAGCACATATAAGGTATACAGGTTGGTTGGTTAGTTCAGTGTTAATGACGTCAGCTGTTGGATAGGATGTGTGTTACGTA 2320
TTGTGATGTCTGTAAAAACTATCTACTGAAATAAAAATGAAAACATAAAAAAAAAAAAAAA 2381

Fig. 3. Nucleotide sequence and translated amino acid sequence of red sea
bream Mx1 gene. rsbMx1 gene showed the signature of the dynamin family
(gray-boxed), the tripartite’ GTP-binding domain (boxed) andleucine' zipper
domain (shadowed). The start '‘codon, stop codon and polyadenylation siginal

(AATAAA) are underlined.
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AAACACTTCAGCATCTGCTCCTGTGGGCTCCAGACGCTCACCTCATCCCAGTCCATACAACTCATATCCAGCTGTTTTAG
TCCTTCTTAAACACAATTTCTTCACAGCAGACAAGAAGTGAGCAGCATGAACAGTCTGAACCAGCAGTATGAGGAGAGGG
M NSLNOQQ@YETETR

TTCGTCCCTGCATTGACCTCATTGACTCTCTCCGCTCTCTGGGGGTAGAGAAGGACTTGGCGCTGCCTGCTATCGCCGTG
VRPCIDLIDSLRSLGVEKDLALPLAIAWV

ATCGGAGACCAAAGCTCGGGGAAGAGCTCTGTGCTGGAGGCGCTGTCAGGGGTGGCTCTGCCGAGAGGAAGCGGCATTGT

[ GDQSSGKSSVLEAILSGVY A[LPRGSG I

TACAAGATGTCCTCTCGAACTGAAGATGAAGAGAAAGAAGGAAGGAGAGGAGTGGTATGGAAAGATAAGCTACCAGGACC
[TRICPLELZKMEKEREKTEKTEGETEMWYGK I SYQQD

ACGAGGAAGAGCTGGATGACCCTGCAGATGTGGAGAAAAAGATTCGAGAAGCTCAGGATGAAATGGCCGGGGTCGGGGTG
HEEELDTDZPADVEIKSIKIREAQDEMAGVGYV

GGGATCAGTGATGACCTCATCAGTCTGGAGATCGCCTCTCCTGATGTTCCAGACCTGACGCTCATTGACCTGCCCGGCAT
Gl1 sbDDLISLETIASPDVPDLTLI[DLZPGII

CGCCAGGGTGGCTGTAAAGGGACAACCAGAGAACATCGGAGACCAGATCAAGAGACTGATCCAGAAGTTCATCACAAGAC
AARVAVKGQPENIGDA QI KRLI Q@KF I TR

AAGAAACTATCAGCTTGGTAGTTGTTCCAAGCAACGTGGACATAGCAACCACAGAGGCTCTGAAGATGGCTCAGGAAGTG
e ETI SLVVVPSNVDI-ATTEALKMMAQEYV

GATCCTGATGGAGAGAGGACTTTGGGTATCTTGACCAAGCCTGATCTGGTGGACAAAGGCACAGAGGAGATGGTGGTTGA
D PDGERTL G | A4 Tl P "L-V—D—K-G_ T EFMF V=V D

CATCGTCCACAATGAGGTCATCCACCTGAAGAAGGGCTACATGATCGTCAAGTGCCGGGGTCAGAAGGAGATCACAGAGA
I V.\@' N  EV I H'LKKGY M I VK CRGA QQKTE®= TE

AGGTGTCTCTTACTGAAGCAACAGAAAGAGAGAAAGCCTTCTTCGAAGGTCATGTGCATTTTCACACTCTCTACAATGAC
KvsSLTEATEREKAFFESGHV HFWHTILYNTD

GGCCACGCCACTGTTCCTAAACTGGCTGAGAAACTCACACTTGAGCTGGTGCATCACATTGAGAAATCCCTGCCTCGACT
GHATVPKLAEKLTLELVHHIE-KSTLTPRIL

GGAAGAGCAGATAGAGGAGAAACTAGCACAGACTCGTGCAGAGCTCGATAGATACGGCAATGGACCTCCACCTGATTCAG
EEQ I EEKLAQTRAELDRYS GNSGPPPDSS

CTGAGAGAGTCGTCTTCTTCATTGACAAAGTGACAGCTTTCACTCAGGATGCCATCAGTCTGACCACAGGAGAAGAGCTC
AAERVVFFIDKVTAFTQDAISLTTSGETETL

AAGTGTGGAGACAGACTTAACATCTTTTCTACACTCAGAAGCGAGTTCAGGAAGTGGATTGTCCATCTGGACEGCTCGGG
K ¢GDRLNIFS T“LR.SEFRKW I V HLsD R S-G

ACATAACTTTAACGAGAGGATTGAGAAAGAGGTGGAGGAGTATGAAGAGAGGTACCGTGGAAGAGAACTGCCAGGCTTCA
HNFNERIEKEV EEYEERYRGRELPGF

TCAACTACAAGACCTTTGAGTTTATGGTCAAGGAGCAGATCAAACAGCTGGAAGAACCAGCTGTCAAGAGACTCAAAGAC
I NY K TFEFMVKEA QI KQ@LEEPAVKRTLKTD

ATAGGAGATGCTGTTAGGAAGGTGTTCATACAGCTGGCCCAGAGTAGCTTTGCTGGACTTCCTAACCTTGTGAAAACAGC
I GDAVRKVYVYF I Q@LAQSSFAGLPNLVKTA

CAAGGCAAAGATCGAAGCCATAAAGCAAGAAAAGGAGTCTACTGCTGAATCTATGCTGAGAACCCAGTTCAAGATGGAGC
K AK 1 EAI KQEKESTAES SMLRTA QFIKWME

Fig. 4. Continued.
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TGCTTGTTTACTCTCAGGACAGGACCTACAGCAGCAGTTTGAGTGACTGCAAGAGAGAGGAGGAGGACGAGGAGGAGGAG
LLvyYysSQaDbDRTYSSSLSD CIKRETETETDTETETEE

AAGAAAGACAAACGGCATGGCCACCCAAACCTTAAAATGCCGGCACTGTCAATTAGTCAGTGGACTGTTGTGCACCGCAG
K KDKRHGHPNLI KMPALSI SQ@WTVVHRTR R

GGATAATCATGCAACACTGAAGGAGTTGATGCTGCACCTTAAATCGTATTACAAAATTGCCAGCCAGCGTCTGGCTGATC
DNHATLI KELMLHLIKSYYZK I ASQRLAD

AGATACCGCTGGTGATCCGCTACCAGATGTTGCAGGAGTCTGCTGTCCAGCTGCAGAGGGAGATGCTGCAGGTGCTTCAG
Q! PLV I RYOQ@MLAQGQESAVAQLAQ@REMLAQ@V LA

GACGAGGAGAATTCAGAGGTCTTGCTGAAGGAGGATTTTGACATCGGCAGCAAGAGGGCTGCTTTGCAAAGTCGCCTCAA
DEENSEVELKEDTFDIRENGSKRAAPREQSRLK

ACGCCTCACGAAGGCCCGTGCGTACCTGGCGGAGTTCTAGAGGGGGTCAAGGCCCGACAGAATGAGATTACTGGACCTCT
RETKARAYZ EAETF =

TTCATAGGTCAAATAGCACAGAACAGCAGTGGTTGTAGGATTATTATACTGTTGTTTGTACTATGTCCTGGTCAGCGTAT
GGGGAGTTGTTTAAACGTACTGTAATATGCACTGTCTGCTATTTCACACATCACAAAATCATTTATAGGAGGAGATTATA
GGAACATACTGTGTAAGTCTCATACCAAGTTTCTGAGATATCAATAGTTTACTTCCAGTGAATATTACCATTTTTTAAAT
CACTTTAAAGGCATTAAGGTTTTTAAAGGTGCACGAGACAGT TTTGGGGGAGAAACTTTAATCAGAAAAGAAAGATCTTC
ATTGACTGACAAAACAAAATAAACAATCTTTTTTATGACTGAATAAACATACTGTCCTTAAAGGACAACACAATTTCGTC
CTGTTTCACTTTGTTTATATTTGGCGGACCCTGCCACCTTTCTAGCTTCAAACAGTGTTGCGGGACCTTATTTTCCTCTG
AGAACACTTTGTTTATTCAGTTAGGGGAAAAAATAATATTTCAGAGTTTGCATTCTTACCTCACCAATATTTTAAATGTG
AAAATTCTGAGTCTTAATATCTTCACCAAAACTACATTGTGCACTTTAAGTGACGCTTAATGTATTTCAGACTTAAAAAT
GATCCATGTGCATATTTTTTATATTTGTTCAAATATAAATGTTTGAATAAAGAAGATATTTTGCTTGAAAAAAAAAAAAA
AAAAAA 2806

Fig. 4. Nucleotide sequence and translated amino acid sequence of red sea
bream Mx2 gene! rsbMx2 gene showed the signature of the dynamin family
(gray-boxed), the tripartite. GTP-binding domain (boxed) and leucine’ zipper

domain (shadowed). The statt codon, stop codon and polyadenylation siginal

(AATAAA) are underlined.

_27_

1680

1760

1840

1920

2000

2080

2160
2240
2320
2400
2480
2560
2640
2720
2800



1. 2. IL-8 gene® ®|714<E &4

IL-8 gene< inflammation mediate gene©®|”] wWito] @34 o= &

THESS do7 Aow A= offF WUAIR Vibrio anguillarum
S 9F 1.18 X 10° CFUffish 9] ¥&=& FE3 ZFo] B Fils]

24 &<t A=Ak FARE FEd 59 liverol A total RNAE #¢
ko] Mx gened fARSH WH O 2 degenerated primerg AF-&-ske] 3
53 E5oA Z+Z 168 bpet 175 bp9l sequenceE & 4 AR 7+
7Z}& sequencing 3}t T3 BLASTE T3 &9 3 A3 7
R IL-8 geneds & & = AUtk partial sequences ©]-83}]
IL-8¢] full sequence® 274317 ¢l RACE-PCRS= AAI&k3ith 5
RACE Z¥ 53 S84 27 329 bpt321 bpel sequenced &
T AT 3 RACEANAM = Fs3t E5ol4 247 449 bpsk 493 bpe
sequences & 4 AATH. =z A3 860 bpe Fw IL-8 gened} 888
bpe] &% IL-8 gene? full sequence®E V& F UsoH, o|HEL
CXC chemokine?l IL-8|4 Eo]4 oz yEl}E= ELR-CXC motif7}
2AL 5 ASdTh W T RS 44 rsbIL-83} rbIL-89]2 T
gkt o]y HA S Rig. 5-6.91 =43} stglom, a1 Ay &2l H
rsbIL.-8 ¥} rblL-8 gene€] full-sequencex= Fig 7-8.9 Yel it}
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5" —untranslated region {188bp) Open reading frame (298bp) 3" —untranslated region {37%p)
| 1 1 |
dgpILEF e

168bp €= dgpILER

5 RACE inner primer 5= '
I 1
329bp &&= 5'RACE rsbIL8 nested
3'RACE rsbIL8 nested I—) .
k 1
449 bp € 3 RACE inner primer

1sbIL8 gene cDINA, 865 bp

Fig. 5. A schematic illustration of the rsbIL-8 ¢DNA cloning in res sea
bream with position of the primers used in PCR and RACE-PCR (gray

region : UTR)
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5" —untranslated region (203bp) Open reading frame (312bp) 3" —untranslated region (373bp)

dgpILEF —3
175bp €—dgpIL8R

5'RACE inner primer '—) '
I 1
321bp & 3 RACE rbIL8 nested

3'RACE rbIL8nested —3» g
I 1
493 bp «€— 3 RACEinner primer

1bIL8 gene cDNA, 888bp

Fig. 6. A schematic illustration of the rbIL-8 c¢DNA cloning in rock 'bream

with position of |the primers used in PCR and RACE-PCR (gray region

UTR)

_30_



GAAAATATTCAAACAGCAGAGCGAGAAGGCAGCTGAACCAAGAAAAGGAAAAGCTGAGGAGAGAGGAAACTAAGCAAAAG 80

AAAAAAGCTGAACGAGAAACATCTTCTTTGCTTTACTTCATCAGACAACTTTCTGAAAGACGCTCTTATTCTTTAGTGTT 160

AATTGTTGCAGAGTTTGTAAAAGGCACAATGATGAGCAGCAGAGTCTTCGTTATCTCTATTGTGGGGCTCCTGGCCTTCC 240
MMSSRVFV I SI VGLLATF

TCGCCATCAGTGAAGCGATGAGTCTGAGAAGCCTGGGAGTGGAGCTGCACTGCCGCTGCATCCAAACAGAGAGCAAACCT 320
L Al SEAMSLRSLGV[ELHCRTC]I @TESTKFP

ATCGGCCGCCACATTGAGAAGGTGGAGCTGATTCCTGCTAACTCCCACTGCGAGGAGACTGAGATCATTGCCACTCTGAA 400
I GRHI EKVELIPANSHTCETETEI I ATLK

GAGGACAGGCCAAGAGGT TTGCCTGGACCCCGAGGCTCCCTGGGTGAAGAAAGTGATTCAGAAGATCATGTCCAACAGCA 480
R TGQEVCLDPEAPWVKIKYVY I Q@KI MSNS

GAAGACGCTGAGCAGACTGGATGAGATGTGCTTCATGAGACTGAGCCATTTACTGGATCGACCAAAGAAAACCAAAGACC 560
R R R =

AAAAAGTATTGATGAGCTGATTTGATATGGCTCATTTTTTAATGTCCCAATCATCTGTTGAAAATGACAACAGATTCTAC 620
CCGCTCAGAGTATGTTTGTATCAAACATGTTATTTATTATTATTATTATTATTATTATTATTATTATGTTTGTATGTCGC 700
TTATGTGTGTTACTGTTCTATAACTTATATCTTAAAAATATTTATTGGTGTATTTATGAAACATAAATGTATCTGGAATC 800
TGGATTCAGGAGTTGCTCTGACAATCTATTGATTAATAAAAGAAGTACACATGAAAAAAAAAAAA 865

Fig. 7. Nucleotide sequence and translated amino acid sequence of red sea
bream IL-8 gene. rsbIL8 protein showed the signature -of the incomplete
ELR-CXC motif/ (gray-boxed):: The start codon, stop. codon and

polyadenylation siginal (AATAAA) are underlined.
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GAGATTCAAACAGCAGAGCAAGAAAGCAGCTGAACCAAGAAAAGGAAAAGTAGCGGAGAGAGGGAACTGAGTGAAAGAAG 80

AGAGAAGAAAAAAAAAAGACCATCTTTTTACTTTCACACAACGCTTCAGGCTTCATCAGGCAGCTTTCTGAAGGACATTC 160

CTATCCTTTAGTGTAAACTGTTGCAGAATTTCTGAAAGACAAAATGATGAGCAGCAAAGTTATCGTCATCTCTGTCGTGG 240
MMSSKV I VI S VYV

TGCTCCTGGCCTTCCTGGCCATCAGTGAAGGGATGAGTCTGAGAAGTCTGGGAATGGAGATGCACTGCCGCTGCATCCAG 320
V.iLAFLAISEGMSLRSLGMEMHTCRTC|IQ

ACAGAGAGCAAACCCATCGGCCGCCACATCGGGAAGGTGGAGCTAATTCCTGCCAACTCCCACTGCGAGGAGACTGAGAT 400
TESKPI GRHI GKVELI PANSHT CETETEI

CATTGCCACTCTGAAAAAGACAGGCCAAGAGGT TTGCCTGGACCCCGAGGCTCCCTGGGTGAAGAAAGTGATTAAGGCGA 480
I ATLKKTSGQEVCLDZPEAPWVKI KV I KA

TCATGAACAACAGAAGTCGCTGAACAGACCGGGAGAGATGTGTTTCATGAGCCTTAGCTGCTCATAAACAGATGAAAAGT 560
I M NNR S R =

ACCAAAAAGTATTTGTTTGGTGATGATAACGTCATCACATGCCATACCAGAGGACCACTTAATGTTCGGATCAACTGTTG 640
AAAATAACAACAGAATGTATCCACTGTATGTTTGTATCAAACATGTTATTTATTACCAAGTCTGTGCTTGTTTGTATGTC 720
ACTTATGTGCATTACTATATATAACTTATGTGTTTAACATATTTATTGATGTATTTATGAGATGTAAATGTATCCAGATT 800
CAGTTGTTTATCTCTGCTGACAATCTACTGATCAAATAAAAAAAGTTGATGTGAAATTGAAAAAAAAAAAAAAAAA 876

Fig. 8. Nucleotide sequence and translated amino acid sequence of rock
bream IL-8 gene. 1bIL8 protein showed the signature of the incomplete
ELR-CXC motif/ (gray-boxed): The start codon, stop codon and

polyadenylation siginal (AATAAA) are underlined.
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1. 3. COX-2 gened @714 4E £4

COX-2 9 A] inflammation mediate gene®. % A& Q17| wjFo] &
HHor AFHSS do7 Aow AZHE ofF HAAA V.
anguillarume 2 1.18 X 10° CFU/fish ¢ w==2 5o 57 FA}s)
of 24 gt A=skslth. FARRE sl total RNAE w8k Mx
gene®} ARG WHO R degenerated primerE AR83e] 871bp9]
sequenceE ¢ & J%lew, BLASTE S8 FelsiE Ay COX-2
genedS Folg 4= At} partial sequenceE ©]&3le] COX-2
gene®| full sequenced AA3}7] ¢13] RACE-PCRES AA|slglith. 5
RACE A3 519 bpe9 seguenceEd & F UL, 3' RACEdA+=
2335bp?9] sequenceE ¢ F USMT. L A3} FE COX-2-gene? full
sequence® VS 4 AW, COX geneolr] EolZdoz el
haem-binding sites ¢ 7] &% F23% amino acid®! cyclooxy
genase active site, N-glycosylation site ZL#8]3al peroxidase activity
siteg &l & 4 AT EI COX-1¥ COX-25 F+&3l= amino
acid®l Arg-5023 Val-5125 &9l & 5 A%t webA o] genes
rsbCOX-22} sttt o= #A & Fig. 90 =48} stglon, I
A3 gl ¥ rsbCOX-29 full sequencei Fig. 10l YERH AT}
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dgp COX2F —>
L]

1
§71bp €— dgp COX2R

3" RACE inner primer =3
—
519 bp € 5'RACE rsbCOX2 nested

<«
2335bp 3'RACE inner primer

3'RACE 1rsbCOX2 nested =3

rshCOX2 gene cDNA, 2528bp

Fig. 9. A schematic illustration of the rsbCOX-2 c¢DNA cloning in red sea
bream with position of the primers used in PCR and RACE-PCR | (gray
region : UTR)
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GAAAATTCAGACTCTCTCTGAGCTTCAGAGCGACACACGAGGGAGAGGAGAGAGACAGGAAGCACAAGAAGGTCCGGCAA

AGTCTTTGGAGTATGAACAGGCTCACATTTGCGGTTTTCCTCTCGGCGCTGGGGTTTCTCGTCTGCGCAGCTGGTAACCC
M NRLTFAVFLSALGFLVCAAGNFP

ATGTTGCTCAGAGCCATGCCAGAACAGGGGCGTATGCACTGCGCTTGGATCAGATAATTATGAGTGTGACTGCACGCGGA
cCcSEPCQNRGVY CTALGSDNYECDT CTHR

CAGGATATCGTGGACAAAACTGCACAACACCTGAGTTCCTCACCTGGCTCAAAGTATCCCTGAAGCCTTCGCCCAACACT
TGYRGQNCTTPETFLTWLKVYVSLKPSPNT

GTCCACTACATTCTCACCCACTTTAAGGACTTCTGGAACATCATCAACAACATCTCATTTCTCAGGGATGCCATCATGAG
VHY I LTHFIKDTFWNIINNISFLRDAIWMR

ATATGTGTTGACATCTCGATCCCACATGATTGATAGTCCTCCAACTTTCAATGCGGATTATGGTTACAAAAATTGGGAAG
Y VvoLTSRSHMIDSPPTFNADYGYIKNWE

CCTATTCCAACCTCTCCTACTATACGCGCACCCTCCCCCCTGTGCCCGAGGATTGCCCAACCCCTATGGGAGTAGAAGGT
AY SNLSYYTRTLPPVPEDTCPTPMGVESG G

AAAAAGGAGTTACCTGATGCTAAAATACTGGCTGAGAAGCTTCTTATGAGAAGAGAGTTCATCCCGGACCCACAGGGCAC
K KELPDAKILAEIKLLMRRETFTI PDPQGT

CAGCCTGATGTTTGCATTCTTCGCACAGCATTTCACCCACCAATTCTTCAAATCTGATATGAAGAGAGGACCTGCTTTTA
SLMFAFFAQHTFTHQFFIKSDMEKR RGPATF

CTGCAGCTCAAGGCCACGGGGTTGACCTCAGCCACATTTATGGAGACAACCTGGTCAGGCAACACAAGCTCAGACTCTTC
TIAAQ GH|GVDLSHI Y GDNLVRQHKTL®RTLF

AAGGATGGCAAGCTTAAACACCAGATCCTGGACGGAGAAATGTATCCCCCGACAGTAAAGGAAGTTGGCGCTGAAATGCA
KDGKLKHQISLDGEMYZPPTVKEVGAEMH

CCACCCTCCTCACGTTCCCGACGCTTACCGCTTCGCCGTGGGCCACGAGGCGTTCGGCCTGGTCCCCGGCCTGATGATGT
HPPHVPDAYRFAV.GHEAFGLVPGLWMM

80
160

240

320

400

480

560

640

720

800

880

960

ACGCCACCATCTGGCTACGGGAACACAATCGGGTGTGTGATGTGT TGAAGGAGGTCCACCCCGACTGGGATGACGAGAGG 1040

Y A[T I WLREHNRV|CDVLIKEVHEPDWWDTDEHR

CTCTTCCAGACCACACGCCTCATTCTGATCGGTGAGACCATCAAGATTGTCATCGAGGACTACGTGCAGCATCTGAGCGG 1120

L FQTTRL ILLL I GETI K1V IEDYWVQHLSSG

CTACAACTTCAAGCTTAAGTTCGACCCCGAGCTGGCTGTTCACCAGCGCTTCCAGTACCAGAACCGCATCGCATCCGAGT 1200

Y NF KLKFDPELAVHQRTFAOQYQQNRI ASE

TCAACACCCTGTACCACTGGCACCCGCTGATGCCTGATAGTTTCCACATTGAGGAGAAAGAATACAGTTATAAAGAGTTC 1280

FNTLYHWHPL MPDSFHIEETKETYSJYKTETF

GTCTTCAACACGTCTGTAGTGACTGAGCACGGCATCAGCAACCTTGTGGAGTCGTTTTCCAAGCAGATCGCTGGACGGGT 1360
Vv

VFNTSVVTEHG-LS NeL-VEsSIFS'K Q| AGR

TGCCGGTGGCCGAAATGTCCCAGGACCTATCATGTACGTGGCCATCAAGTCCATTGAAAATAGCAGAAAAATGCGCTACC 1440

AAGGRNVPGP I MYVAI KSITENSRIKMRY

AGTCTCTGAATGCCTACAGGAAGCGATTCTCCTTGAAGCCCTACAGCTCCTTTGAAGACATGACAGGAGAGAAAGAAATG 1520

Q SLNAYRKRFSLIKPYSSFEDMTSGETZKTEHM

GCCGCAGTGCTGGAGGAGATGTATGGACACATCGACGCTATGGAGCTCTACCCGGGTCTGCTGGTGGAGAAACCCAGGGA 1600

AAAVLEEMYGHIDAMETLY®PGLTLVETKTPR RE

Fig. 10. Continued.
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AAACGCCATCTTTGGGGAAACAATGGTGGAGATGGGGGCCCCTTTCTCCCTCAAAGGCTTGATGGGAAACCCCATTTGCT 1680
NAI FGETMVEMGAPTFS SLKGLMGNTPIC

CCCCGGAGTACTGGAAGCCGAGCACGTTCGGAGGCACCGTGGGCTTCGACATCGTCAACACTGCCTCCCTGCAGAGGCTC 1760
SPEYWKPSTFGGTVGFDI VNTASLA GQRIL

GTCTGCAATAACGCGAATGGACCCTGTCCCGTGGCATCCTTTCACGTGCCCGACGTTAAAGAGACGGGCTCCATGATCAT 1840
VCNNANGPCPVASFHYPDVKETSGS SMII

CAACTCGAGTACATCCAACTCACGCAGCAGTGATATCAACCCAACAGTCATTCTAAAAGAAAGGACTACTGAGCTCTAAT 1920
NSSTSNSRSSDI NPTV I LKERTTEL =

TTGTATTATTTTCTCTAACTTTATTATAAATGTATTTATTTATTTATTTATTTTATATTTATTTTCCTATATTTATATGA 2000
GAAATTGGAAAGTAGATTTTTTTATAGGTGATTTTGTATATTTATGACTGGCAATCAAGAACAAAAGTCTGTGGATGTGT 2080
CTATTTATTGAAAGATTCATTGTTTTATAAATTATTGTCACAGTAATGACCTCAGTCACTACAACTTAATACTTGAAGGT 2160
TAGTTTACAGTTTCAACTACTTGGTAGTGTACATTATACTTGCTGGTTAAATGTATGTTCACTAACAGTTTATCAGTCGC 2240
AGAATGTGCAGTAGTAGTGATGCTCACAGTGAACTAAGTGGCTGATCTTGACTCTTTTGATCTCATATAACATACATAAA 2320
GTGCATTCCTGTTTCAGTATTGTTTCACTGATGTTTAACTTCTTCAGTCTGTGTTGGGTATTTTGAAATGACATTCTGAG 2400
TCAAAGCTGCACTGTTGTTTTTAATTGTACTGTTTTTGTTCTGAATGCCAACTGACTTCAAAGTTTGACACTAATAAATG 2480
CTTCCAGAGAAATGGAGCGCGTCTCTCGTAAAAAAAAAAAAAAAAAAA 2528

Fig. 10. Nucleotide sequence and translated amino acid.sequence-of red sea
bream COX-2 gene: The two domains that define the haem-binding sites are
identified by the empty boxes. functionally important amino acids are
indicated by asterisks; these include the cyclooxygenase active site (Tyr-374,
His-377, Ser-519), the N-glycosylation site (Asn-56, 133 and 399) and the
sites crucial for peroxidase -activity (GIn-192 and His-196). The amino acids
which define conformational differences of the substrate binding channels
between Cox-1 and Cox-2 in.the mammalian enzymes are indicated by a
"+" (Arg-502 and Val-512 in mammalian Cox-2 proteins). The 3' UTR
contained multiple copies of a typical inflammatory molecule instability
motif (ATTTA) and polyadenylation signal (AATAAA) 31bp upstream of the

poly (A) tail.
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2. Genomic DNAY] cloning®} {714 E &4
2. 1. Mx gened] @714 EE4

rsbMx1# rsbMx2¢] ¢cDNA @7|4Ed& vt o= 5'-end$ 3'-end®]
untranslated region¥} Mx gene®| FZHtol| ZHZ} primerg A4t
w9 liverol Al 8]k DNAE template® 3|4 genomic DNA®I tf
3 PCReS AAsHSith. 1 A rsbMx19] genomic DNA 4930 bpE
gtol 3t dom, F 12709 exon®} 11709 introno2 FAHE
AS3L, rsbMx29] genomic-DNA 4399 bpEs 21 &

o rsbMx2¢ vz A2 12709 exon® 11709} intronS 3+
AT,
3

(GT/AGE &2 & 5 AATH S rsbMxlS targeto 2 of= UT

i
%2

(

I

s}
=

d
e
+

32
e

st
e

3 EE exon¥ intron Abe]oli= splicing motif

s

P
T

=

H-Qo wHEolZ primerE FE cDNAE template®= 34 PCRS| A
s Az 2218 bp2 products: D& F UNSY sequencing | A}
2218 bp9 rsbMx1# 926 bpE ¥S F AA°oH, 2ls) £ Az
rsbMx19] splicing, variants@d< & & AW, rsbMxlsol&far §H
stk 1 A3k #Ql # orsbMx1, rsbMxls 2Z]al. rsbMx29] full
sequences= Fig. 11-12¢] “eERJQl o™, Fig.-13& =23} 3o e
b=
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AAAGTGTCCATTTAGTTTTAGTGCGGAAGCTGCTGCTGTCAAAGGCAACTCATATCCAGCTGATTTAGTCCTTCCTACAC

ACAATTTCTTCACAGCAGACAAGAAGTGAGCAGCATGAACACTCTGAACCAGCAGTATGAGGAGAGGGTTCGTCCCTGCA
M NTLNOGQ@YEERVRPTC

TTGACCTCATTGACTCTCTCCGCTCTCTGGGGGTAGAGAAGGACTTGGCGCTGCCTGCTATCGCCGTGATCGGAGACCAA
I bL I DSLRSLGVEKDLALPAIAV I GDAQa

AGCTCGGGGAAGAGCTCTGTGCTGGAGGCGCTGTCAGGGGTGGCTCTGCCGAGAGGAAGCGGTGAGTTATTCCTAAACGC
S SGKSSVLEALSGVALZPR RSGS

TCTTTTGTGTTGCCTTTTACCTAATAGGCTAACTAAAAATACACAGTTTTTACAACAATGATCTCAACAATGTCACAAAA
CATCACTTTATTCATTTATTTATTTGTTTGTTTGTTTGTTTATGTATTTGTTTATTTGCGTTTTCTGTGTGCGTCCAGGG
ACCTTCAGTGCATGTCATTCCTCAATTCTCATTTTTTTTCTTAAAGGATTAAGGATAAGGATAAGGAGGAATAAATCAAT
CAACTTTCACTAATACCAACTTAAACAAAAATGTTCAGAAAAAAAAAAAATCAGTCTGGCAGTTTAATTGTATGAAATCC
ATCAAAATTTCTGTAATCTCTGTCAAATCACAGACAGAAAAGGCCCAATAATCAACCAGTTTGACCATATAATTTATCAT
TTGATTTATATTCAGTATAGAATTAAATGTGATATACTTAAATATACGCAGATACACATACACTACCAGCTGTAAATGAA
ACACTGTGTGGGACTCGGTGGTCGTTTTTTCACTTTCTTTCAAATTGTCCCTTCTGACATGCCTGTTTTGGGTTTGTCAG
AAGGTTGTTCAGTATCCAACTTTTCTCCAAGTATACTGGATTTCAAAAATTTGTATCGTACGCTTTTTTGTTATTCAG%Q

ATTGTGACAAGATGTCCTCTGGAACTGAAGATGAAGAGAAAGAAGGAAGGAGAGAAATGGTACGGGAAGATAAGCTACAA
Il v 7T RCPLELZ KMKRKIEKTETSGEH-KWYGK L SYK

AGACTACGAGGAAGAGCTAGAAGACCCTGCAGAT GTGGAGGACAGCATTAGAGAAGGTAGAGTAAACTGCATTGTTAAAT
bYy EEELEDPADVEDSII RE

GTCACTATTAAAAGCACATTAAAGTATTATTTGCTTTTCAGTCATCAGTACTTCATCTTCTCCATGTTCACACCACGCTC

TCTCCCTCCAGCTCAGGATGACATAGCCGGGAGCGGGTCGGGGATCAGTAATGAACTCATCAGTCTGGAGATCGCCTCTC
AAQDD'Il AG'SGS G I SNETLI SLE I A,S

CTGATGTTCCAGACCTGACGCTCATTGACCTGCCCGGCATCGCCAGGGTGGCTGTAAAGGGACAACCAGAGGACATCGGA
pPDVPDLTLIDL®PGI ARV AV KSGA Q@PETDI G

GACCAGGTATGGAGTACTTTGAGTCTGATTAAAATATCTTGACAGCACT TGGATGGGTTGCCATGAAATCGGATACAAAC
D Q

AGTTGTGGTTCTCGAACAATGAATCCTAATGACTTTGGTGGTCCCCGAATATAGTCCCGGCTCACAGGTCACATTTTGTG
TGCTTCAGTTAGGCTGACACTGAGGCTACCAGTGGATCTAGTCATGAGCAGGGCTTTTTTAAAGCTTCTAACTCTTCAGT
TAGCCCTGGAAGTAACACTGGGTAAGGCTACTTTAGTCCGTTAGATAATTAACTGGACATGCTAACGGTTGTAGCTTAAG
TCAGAGCAATAAAAACACAGTGTAATTCACTGCTCATATATTGACTCCACGTTCATGCAATGATGCCTCTAAATATAGCT
CCATGCACTCAGCTTAAACATGTGGGCAAACCCGTAATTTGACAGCCTTACCATGCTAAGTTAGTTGCTATGCTATGACT
GGACAGTCACTGTCCAGTGGAAGGATCTAGCAAATTGTTAGTTGCTCACAAGATACT TGAATAACTGAAATGGCTAATCC
ATTAAATATTGCACAATGATTTGTCTCCATTCATATCCACCCAAAACTGTATTTCTCTGGTGTGTAATGACTATTACAGG
ACAGTTAAAGGTGGTGTAGATTTCTAATGTGTTCATTCGTGATTTGATTACAACCAGACACAGTGGTGATTGATAATGGT

GCAGATTATCACTTAATTATGGATTCATACTTTCAGATAAAGAGACTGATCCAGACGTTCATCAAAAAACAAGAAACTAT
I K RL I @TF 1 KKQQET I

Fig. 11. Continued.
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CAGTTTGGTGGTGGTACCAAGCAACGTGGACATAGCAACCACAGAGGCTCTGAAGATGGCTCAGGAAGTGGATCCTGATG
SsLVVVPSNVDIATTEALSIKMAOQEVDTPTD

GAGGGAGGACTTTGGGTAAATAGAGCTGATTTTGGAAAAGGGCAACCTTGCCAAGTTACTTTTATATAGTTCACTGTTTG
G GRTL

TCTTTCTCTCTCTTAGGTATCTTGACCAAGCCTGATCTCGTGGACAAAGGCACAGAACAGACGACGGTTGACATCGTCCA
G I L TKPDLVDKGTESOQTTVD I VH

CAATGAGGTCATCCACCTGAAGAAGGGCTACATGATCGTCAAGTGCAGGGGTCAGAAGGAGATCACAGAGAATGTGTCTC
NEV I HLKKGYMI]IVKCRGGQKTETITENVS

TTACTGAGGCAACAAGAAGAGAGAAAGCCTTCTTCAAAGATCATGTGCATTTCCAGTAAGTTCATTCCTTCTGGTTAACA
L TEATRREI KAFTFIKDHVHTFH

GTGATTTTAACAGGTTGTGTAGCTGGTACTCAGTAACTTTTTATTTTTGTTGCAGCATTCTTTATGACGAAGGCCACGCC
I LY DEGHA

ACTGTTCCTAAATTAGCTGAAAAACTCACACTTGAGCTGGTGCATCATATCCAGGTAAATACTTCTTGGTGCTTCAGTTT
T VPKLAEIKTLTLETLVHHINA

CACAGTTCGCTACGGACCACTTTACCCACTTCATGCGTTAAAGTTTTGGCCCTGTGTGATTTGTAGATGTCTCTGCCTCA
M S L P Q

ACTGGAAGATCAGATTGAGAAGAAACTAGTACAGACTCGTGCAGAGCTGGAGAGATTAGGCGACGGACTTCCACCTGATG
LEDOGIEKKLVQTIRAELERLGDGL®PZPD

CAGCCGAGAGACTCGTCTTTCTCATTGATGTGAGTTCACTACAGTAGCTGGCACTTCTCACACTCACAAAATACTGCGCC
AAAERLVFL I D

GCCTAACTAAGAACCTTGAAAACTAATTTTCCCCTCTTCTGTTATCTGATCCTGTTATATTTTAGAGAGTGACAGCATTT
R V T A F

ACACAGGAGGCCATCAACCTCGCTACAGGGGAGGAACTCAAAAGCCTCAAAATCTTTTCCGTACTAAGGCGAGTGTTTGC
TQEAI NLAATGETEUWLKSLIKIFSVLRRVFA

AGTGTGGAAAGGGACCATAGATCAGTATGGGGTAAAATGTAAGTGCATCGACATCTCAGTCATTATATCACTTTTGATGT
VWKGTI DQYSGYVK

CTTTTGTTTGCCCTCAGTGCTACAAAACTGTTATATGTAAAGTTAACTATTAAGTAAGGTTGTAAAATGTTGTTTTATTA
ATGCCATCTCCTTATTGATACGTAAAAAGCAGAATTCTTACACAGAGATAAACAAAACAATCATTTCCGACCCAACGAAC
ATTTTTAAATGACTGATTGACAGT CACGATAATGTTTTTAAGGAAAAGAGATTATCAGTTACAGTATGTTATCAGTATGA
CCTTTACGTTTTACTCCAGATTGCTTTAATGACCACTATAACGAAGTTTTGACTTACTTCTCTCCTTTCTCAAATTCATC

CCTACTGCAGTCAACTGGAATATTGAGAAACAGGTGGCTGAGTATGAGCGGAAGTACCGTGGAAGAGAACTGCCGGGGTT
FNWNI EK.Q VoA E-Y ERKYRGREWLPGF

CGTCAACTACAAGACCTTTGAGGGCATGGTCAAGGAGCAGATCAAACAGCTGGAAGAGCCTGCTGTCCTGAAACTCAAGG
VNYKTFEGMYVKET QH+KQQLEEPAVLKTLK

AAGTATCAGGCATGTCTTAAATACGTAGTCCATTTGAGTTATTATTTGATCTTGTGTTGTTCACACTGTGTCTGATTTTG
E V S

TTTTGTTTTTTTCTTTTAGAAATTGTGAAGGAAGAGCTGTTTAAGGTGGCACAGAGCAGCTTTGTTGGATTCCCTCATCT
El VK EELFKVAQSSFVGF®PHIL

CATCAGAATAGCTAAGGTGCCATTTTCGTTATCCGTTGCCGTACTGCTGTATACATATGAATAAACATTGTTGAATATTT
IR I A K

Fig. 11. Continued.
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ACTGACGTGTAATAAATGTTGCTGTCCTTTAGATGAAGATTGAAGCCATCAGAAAGGAGAATGAGAGTACAGCAGAGTCC 4000
MK I1EAIRKENESTATES

ATGCTGATGACTCAGTTTAAGATGGAGTCGATCGTTTACACTCAGGACAGCGCATACAGCAAGAAGTTAGGGAAGCGGAA 4080
MLMTAOQFKMESTIVYTOQQDS SAYSKIKTLSGIKTRIK

GAGAGAACCTGAACCAGTTAACAAATACAATAATGACAGTGTGGCCACCCTGATAGAGATGACCAAACACCTTAAATCCT 4160
R EPEPVNKYNNDS SVATLIEMTI KHLKS

ACTACCAAGTAAGTCTAATTTTCATGCTGTACATTTTCTAATACAACACACACATTTGAAATACAGGGTCGGAATGTTTT 4240
Y Y Q

TTTTTAGAATTTAGGGGCCAGGGCCACCCCAGGCACCCCTTCAGGACAAACCCTGCAAATAACATCAGATCTTGTCTCAT 4320
TCTCATCAGATACAGACATTTTCCTTATTGTTAGAGTAACCTGGGTGAATGTGACATATACAGATACAGCTTTGCGTTAC 4400

TTTCTCCTTTCCTCACCACAGATTGCTGGCAGGCGTCTGGCTGACCAGATCCCCCTGATGGTCCTCTACCAGATGGTGCA 4480
I AGRRLADO GI PLMVLYQQMVAQ

GGAGTTTACCATCCAGCTGCAGAGGGAGATGCTGCAGGTGATTCAGGACAAGGAGAAAATCGAGTCCCTGCTCGAAGAGG 4560
EFTI QLQREMLAOQV I @QDKEZKIESLLEE

AGTCTGGCATCACAGTCAAGAGAATCAACCTTCAGAATCGCCAAGAGCGCCTGAGAAAGGCACGCGTGCTGTTGACGGAC 4640
ESGITVKRINLAOQGQNRQ@ERLRKARVLLTTD

TTCAGTATGAACATATACAGCTTCAGCAAAACAAAACTGCAGTGTGAACAAGATTTGTATTAGAAGAAGTGGATGACATA 4720
FSMNIYSFSKTI KL@CEU QDL Y =

TTATTATTATTTAGGCTTTTTGTTCGTTTTTCTCATGTTTCATTAATGATTCCAAACTTGTATTTCTTATGCCCAGTTTT 4800
CCCATTCAATGGTCTTATTTTCTGAATGACAAGCAACATACACTGTAGGGTATGTAAGGTCCACAAAATATAGCAATCCT 4880
AAATACTGGCAATATATTATTCTTTGTAGTGTGTTCAGGGTGAAAGGAGC 4930

Fig. 11. Compiled full-length rsbMx1 gene sequence. Exon regions
underlined are derived from the cDNA 'sequence. The splicing motifs

(GT/AG) are shadows.
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AAACACTTCAGCATCTGCTCCTGTGGGCTCCAGACGCTCACCTCATCCCAGTCCATACAACTCATATCCAGCTGTTTTAG

TCCTTCTTAAACACAATTTCTTCACAGCAGACAAGAAGTGAGCAGCATGAACAGTCTGAACCAGCAGTATGAGGAGAGGG
M NSLNOQQYETETR

TTCGTCCCTGCATTGACCTCATTGACTCTCTCCGCTCTCTGGGGGTAGAGAAGGACTTGGCGCTGCCTGCTATCGCCGTG
VRPCIDLTIDSLRSLGVEKDLALPATIAYV

ATCGGAGACCAAAGCTCGGGGAAGAGCTCTGTGCTGGAGGCGCTGTCAGGGGTGGCTCTGCCGAGAGGAAGCGGTGAGTT
I GDQSSGKSSVLEALSGVALZPR RSGS

ATTACTAAACGCTCTTTTGTGTTGCCTTTTACCTAATAACTAAAAATACACAGTTTTTACAACAATGATCTCAACAATGT
CACAAAACATCACTTTATTTATTTATTAGTTATATCTATTCACTAGAAAACTAAGCTGTAAGACCATCAGATAATATTTA
AAGGTGCATTCTTTCATTTTTGGCCATGGGGCAGCAGAACCAAACTGAGAAACACTGCTCTCATATACAGTATTACGCTG
GCCACCCAACGAAGAATCTTCCTTTTCCTTATAGCTCAGTTTTGGTCTCCTCCAGCCCAATGGCCGAGAAAATGATTTTC
CCTTCTAGATGCTCAACAGTGTTCACCAGTTTCATTTTGATCATTTGCATTTTGGTGCAGAGATCTGATTTTTAATGTTA
TTTTTCGTTGCTGTGAGCACGACTTATCATCAACAATTCCTATCACCTCAGAGATGGAAACTCAGACCTGCATGGCTGGT
TTTACAACAGGTGCTTTCACGTAGATGAGAATGCTATGTGAACTTGTTGGCAACAACAGAAATTTACAGATGGCAAGAAT
GTCACAAAGGCTTATGATGGATCATTGTTGCTGGATTTTGTAATGCCTTTGTTTTTGGTGTTACTGTAGGACTCTCAGCA
CCCAAAATAAAGTAATATTTTTCACCTGGTTATCATATTTAGATTGCCTAAATTAAACGACACAATAAGAACGTATGGGG
CAAAGTATCTAAGTTGCGGTTTTAGTAGTCCATCTTCAGAACACTGTAGTGTTACTGTGACCCACCTCACTAACATCTGC
CGTCACATAAATCCCTAAATCCCTGATTGTCATAATTTCATCAAACACACTGAATTTCACAAATTTCCTCCCTTTCATCA

TACATTCTTTTGTAATTCAGGCATTGT TACAAGATGTCCTCTCGAACTGAAGATGAAGAGAAAGAAGGAAGGAGAGGAGT
G I vVTRC®PLELIKMEKTR RIKIEKTETGEE

GGTATGGAAAGATAAGCTACCAGGACCACGAGGAAGAGCTGGATGACCCTGCAGATGTGGAGAAAAAGATTCGAGAAGGT
WYy GKI SY Q@DHETETELDDZPADUVEKIK I RE

GCAGTAAATGGCAATCTTGAACATCTCTATCAAAGGTCAAGTACTGATGGAGCAAGCTACTGAATTTTTTAAGGTTTCTG

TATTCAGCACTTCATCTCTTGTAAACATCACACACCATGCTCTCTCTCTCTCTCTCTCTCCAGCTCAGGATGAAATGGCC
A QDEMA

GGGGTCGGGGTGGGGATCAGTGATGACCTCATCAGTCTGGAGATCGCCTCTCCTGATGTTCCAGACCTGACGCTCATTGA
GV GV G I Si"D Lyl S K8E "I A S PEDEESPED | T L /A =B

CCTGCCCGGCATCGCCAGGGTGGCTGTAAAGGGACAACCAGAGAACATCGGAGACCAGGTGTGATTGTCCACAAGACACT
LPGI ARV AVKSGQPENIGDAQ

GTCTACAGTTTACATAGGGACACTTTCTTTGGTAGGAAGTTGATCCAAGGCAACGGGTGAACAGTGAGGTCAAACCTGGG
TTCTGTGTTTCACACTCATGGGATTGGGGATGT TGTGTAGCATCATCTCATGAATGAATGAATGACTTCCCATGACCAAT
TTCATTAGCAAGACACTGAGGCCATGCTTTTATGTCCTCATGGGGCCGCTAGTAAGGCTATAGACTTTTAGTCTGATGTA

CAATATGAAAATATCATTTCAGATCAAGAGACTGATCCAGAAGTTCATCACAAGACAAGAAACTATCAGCTTGGTAGTTG
I K RL I @ KF I TRQETI SL VYV

TTCCAAGCAACGTGGACATAGCAACCACAGAGGCTCTGAAGATGGCTCAGGAAGTGGATCCTGATGGAGAGAGGACTTTG
VPSNVDIATTEALKMAQEVDZPDSGETR RTHL

GGTAAATAGAGCTGATTTTAGAAAAGGGCCACTTTGCCAAGCTACTTTTATGTAGTTCACTATTTCTCTCTCTCTCTCTC

TCTTTCTCTCTCTCTCTCTCTCTCTCTCTCTACCTATCTTTCTGTCAGGTATCTTGACCAAGCCTGATCTGGTGGACAAA
G I L TK®PDULVDK

Fig. 12. Continued.
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GGCACAGAGGAGATGGTGGTTGACATCGTCCACAATGAGGTCATCCACCTGAAGAAGGGCTACATGATCGTCAAGTGCCG
G TEEMYVDIVHNEVIHLIKKSGYMI VKT CHR

GGGTCAGAAGGAGATCACAGAGAAGGTGTCTCTTACTGAAGCAACAGAAAGAGAGAAAGCCTTCTTCGAAGGTCATGTGC
GQKEI TEKVSLTEATEREIKAFFEGHYV

ATTTTCAGTAAGTTCATTCCTTTTGGGTAATTTTAGCAAATACTTTCATGGTGATTCACCAAAGCTGTGATTTTATACTC
HF H

AGTGGCTTTATATTCTTGCTGTAGCACTCTCTACAATGACGGCCACGCCACTGTTCCTAAACTGGCTGAGAAACTCACAC
TLYNDGHATVPKLAETIKTLT

TTGAGCTGGTGCATCACATTGAGGTAGATTCTTGCTTTGTGACCGTAACAGTTTACTATACGTTACTTTGTTGACTTTAG
L ELVHHIE

TTGTTTAAGTTTTGACTTAAACAACAATTCAATTCAATTCTGATTTGCAGAAATCCCTGCCTCGACTGGAAGAGCAGATA
K SLPRULETEN Q]

GAGGAGAAACTAGCACAGACTCGTGCAGAGCTCGATAGATACGGCAATGGACCTCCACCTGATTCAGCTGAGAGAGTCGT
EEKLAQTRAELUDRY GNGPPPDSAETRVY

CTTCTTCATTGACGTGAGTACCCTCAATGTTCATATCATTTCCCTGGCTACAGAGACAAAAGCTCACCACCAATATGAAT
FF I D

TTGTCTTTGAGTATTTTTAAATAAACATAAAACACCTGTAAACATCTGTTTCTGCTGTCACATGTGTGCTACAGAAAGTG
K Vv

ACAGCTTTCACTCAGGATGCCATCAGTCTGACCACAGGAGAAGAGCTCAAGTGTGGAGACAGACTTAACATCTTTTCTAC
TAFTQDAI SLTTSGEELZIKT CGDRIL-NT F ST

ACTCAGAAGCGAGTTCAGGAAGTGGATTGTCCATCTGGACCGCTCGGGACATAACTGTAAGTGTATCATTTGATCTGGTC
L RSEFRKMWI VHLDRSGHN

TACAGCTGTCCATCAGCAGGACGCTAAAATATATGTTTGTTTATTTCIGTTAACGAGAGGATTGAGAAAGAGGTGGAGGA
FEN ERENINNE KSF V E E

GTATGAAGAGAGGTACCGTGGAAGAGAACTGCCAGGCTTCATCAACTACAAGACCTTTGAGTTTATGGTCAAGGAGCAGA
YEERYRGREL®PGEFINYKTTFEFWMVKENQ

TCAAACAGCTGGAAGAACCAGCTGTCAAGAGACTCAAAGACATAGGAGGTATAAGAT TGGATGTATGGCAGGCTTAATGT
I K QL EEPAVKRLIKD.I G

GTTTTCTCTGTTGCACACACTTTCTTTTGTTATCATACAACCACCAGTGACGGACTCAGTAGACTTCAAGTTGCTGTAAC

TTCTTGTTTTTGTTTTCTTTCAGATGCTGT TAGGAAGGTGTTCATACAGCTGGCCCAGAGTAGCTTTGCTGGACTTCCTA
D AWV ReK«V. F I @ L AQSSFAGLP

ACCTTGTGAAAACAGCCAAGGTAGCCATCATCCAAGAGTTTGATAGTGCCAGATAGTCACTGTTGGTATTTTGACTCTCA
N LV KTAK

AAATTTAATCTGCGTATTTTTTACCCTAGGCAAAGATCGAAGCCATAAAGCAAGAAAAGGAGTCTACTGCTGAATCTATG
AK I EAI KQEKESTAESM

CTGAGAACCCAGTTCAAGATGGAGCTGCTTGTTTACTCTCAGGACAGGACCTACAGCAGCAGTTTGAGTGACTGCAAGAG
LRTQFKMELLVYSQ@DRTYSSSLSDTCKTR

AGAGGAGGAGGACGAGGAGGAGGAGAAGAAAGACAAACGGCATGGCCACCCAAACCTTAAAATGCCGGCACTGTCAATTA
EEEDEEEEI KKDIKRHGHPNLI KMMPALS I

Fig. 12. Continued.
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GTCAGTGGACTGTTGTGCACCGCAGGGATAATCATGCAACACTGAAGGAGTTGATGCTGCACCTTAAATCGTATTACAAA 3920
SsQwTVVHRRDNHATLIKETLMLHLIEKS SYYHK

GTAAGTTTTAATTTAGAGGGATGATTCATGATCATAAACAGGGACAGAAAGGTTTAGGCAGAGGTTACACATTTTCAATA 4000

ACGGCTCTTGTCTGTCAAACTTTTCTCTCCTTTTCCTCATTCAGATTGCCAGCCAGCGTCTGGCTGATCAGATACCGCTG 4080
I AS QRLADGO GI P L

GTGATCCGCTACCAGATGTTGCAGGAGTCTGCTGTCCAGCTGCAGAGGGAGATGCTGCAGGTGCTTCAGGACGAGGAGAA 4160
VIiRYQ@MLQESAVQA@LQ@REMLA QQVLQQDETEN

TTCAGAGGTCTTGCTGAAGGAGGATTTTGACATCGGCAGCAAGAGGGCTGCTTTGCAAAGTCGCCTCAAACGCCTCACGA 4240
S EVLLKEDTFDIGSKRAAL OGSRLZKRLT

AGGCCCGTGCGTACCTGGCGGAGTTCTAGAGGGGGTCAAGGCCCGACAGAATGAGATTACTGGACCTCTTTCATAGGTCA 4320
K ARAYLAETF =

AATAGCACAGAACAGCAGTGGTTGTAGGATTATTATACTGTTGTTTGTACTATGTCCTGGTCAGCGTATGGGGAGTTGT 4399

Fig. 12. Compiled full-length rsbMx2 gene sequence. Exon regions
underlined are derived from the cDNA sequence. The splicing motifs

(GT/AG) are shadows.
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126187 :—lE! el 291 = 225 130
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97 107 14 73 135 89 124

rshMx2

Fig. 13. Genomic structures of the rsbMx1 and rsbMx2. Exon are shown as
grey boxes with sizes (in base pairs)-given inside, while horizontal lines
represents introns with _their nucleotide lengths provided below. The

untranslated region is indicated with boxes.
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2. 2. IL-8 gened] @714 4E &4

rsbIL-8%} rbIL-8 gene®] c¢DNA 97|MES wlgo® 5'-end®
3‘-end?] untranslated region®| Z}Z} primerE A Ztste] FE53 =5
o] liverelA &7k DNAE template= 3|4 genomic DNAC] tjst
PCR& AAlsigleh. 1 A} 353t =359 IL-8 geneoll X 717} 1288
, 4719 exon¥ 3709

E exon?} intron A}o]

bp2t 1093 bpel sequenceE & F UYL
intron® = A48S A & AAT. E=F
o= splicing motif (GT/AGE &< & = YAt 1 23} &<«
rsbIL-83% rbIL.-82] full sequencet Fig. 13-14°] YEHd o™, Fig.
152 =213} sfo] yebd luk

Sal—-
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GAAAATATTCAAACAGCAGAGCGAGAAGGCAGCTGAACCAAGAAAAGGAAAAGCTGAGGAGAGAGGAAACTAAGCAAAAG 80

AAAAAAGCTGAACGAGAAACATCTTCTTTGCTTTACTTCATCAGACAACTTTCTGAAAGACGCTCTTATTCTTTAGTGTT 160

AATTGTTGCAGAGTTTGTAAAAGGCACAATGATGAGCAGCAGAGTCTTCGTTATCTCTATTGTGGGGCTCCTGGCCTTCC 240
MMSSRVFV I SI VGLLATF

TCGCCATCAGTGAAGGTAAGATCTCGCTATTCGAACTCTCACTACTTTACCACATTCTGTTGTCAGTGCATCAAGAGTCA 320
L AI S E

TGAGTATAGACTGTTGCACTTTGTGACCATGTGACACCTGTCTCCTAACAGCGATGAGTCTGAGAAGCCTGGGAGTGGAG 400
AAMSLRSLGVE

CTGCACTGCCGCTGCATCCAAACAGAGAGCAAACCTATCGGCCGCCACATTGAGAAGGTGGAGCTGATTCCTGCTAACTC 480
LHCRCI OQTESK®PI GRHI EKVELTIPANS

CCACTGCGAGGAGACTGAGATCATGTAGGACCTGATTTCAAAAACTCCATCCCTGATGGTGTTGATACTTTGAGAGTTTG 560
HCEETEI I

TCGTCACCACTTATCAACTTGTTCTGACTGTTTCTCGCTTGGTGTTGCAGTGCCACTCTGAAGAGGACAGGCCAAGAGGT 640
AT LKRTGA QQEV

TTGCCTGGACCCCGAGGCTCCCTGGGTGAAGAAAGTGATTCAGAAGATCATGTCCAAGTAAGTACAGGTCAAACATACAG 720
cLDPEAPWVKKUVI QKI MSN

TATAAGGGCACCCAAACACACTTATAGTCTACTTTTCTTAACTGCATAATGTGACAGAAAATGCCAGCGTTCCCTTTTGA 800
TACACACATTAACTCTTCTTTTCTGTTTCTTTTTTCAGCAGCAGAAGACGCTGAGCAGACTGGATGAGATGTGCTTCATG. 880
S R_.R R =

AGACTGAGCCATTTACTGGATCGACCAAAGAAAACCAAAGACCAAAAAGTATTGATGAGCTGATTTGATATGGCTCATTT 960
TTTAATGTCCCAATCATCTGTTGAAAATGACAACAGATTCTACCCGCTCAGAGTATGTTTGTATCAAACATGTTATTTAT 1040
TATTATTATTATTATTATTATTATTATTATGTTTGTATGTCGCTTATGTGTGTTACTGTTCTATAACTTATATCTTAAAA 1120
ATATTTATTGGTGTATTTATGAAACATAAATGTATCTGGAATCTGGATTCAGGAGTTGCTCTGA 1184

Fig. 14. Compiled full-length" rsbIL-8 gene sequence. ‘Exon regions
underlined are derived from- the cDNA sequence. The. splicing motifs

(GT/AG) are shadows.
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GAGATTCAAACAGCAGAGCAAGAAAGCAGCTGAACCAAGAAAAGGAAAAGTAGCGGAGAGAGGGAACTGAGTGAAAGAAG 80
AGAGAAGAAAAAAAAAAGACCATCTTTTTACTTTCACACAACGCTTCAGGCTTCATCAGGCAGCTTTCTGAAGGACATTC 160

CTATCCTTTAGTGTAAACTGTTGCAGAATTTCTGAAAGACAAAATGATGAGCAGCAAAGTTATCGTCATCTCTGTCGTGG 240
MMSSKV I VI S VYV

TGCTCCTGGCCTTCCTGGCCATCAGTGAAGGTAAGATTATTTTGTTATTCTGCAATTGAACGTAACATTATTGAGCCATT 320
VLLAFLAISE

TATCAAGTTACTATCTATTCACTGTTGCATTTGAGCTGTCACTACTGTGCACATTCTGCTGTCCTCTTTTCCTCATTGCA 400

TCAACAGTTATTAACGCAGCACTATTGCACTTTGTGACCACATGTGACTCCTGTCTCCTCACAGGGATGAGTCTGAGAAG 480
GMSLRS

TCTGGGAATGGAGATGCACTGCCGCTGCATCCAGACAGAGAGCAAACCCATCGGCCGCCACATCGGGAAGGTGGAGCTAA 560
LGMEMHCRTCI QTESKPI GRHI GKV EL

TTCCTGCCAACTCCCACTGCGAGGAGACTGAGATCATGTAAGACCTCATTTCGAAGCCTTCATCCCATCGAGAAAGTGTT 640
I PANSHCETETE I |

GATGTTGAAACGTTTTGAGATGCCATCGCCACTTGTTGGTTTCGGCATGAGGTCTAGTCTACTTGTTCTGACTGCATCTC 720

TTGTCGCTTGCTTGGTGT TGCAGTGCCACTCTGAAAAAGACAGGCCAAGAGGTTTGCCTGGACCCCGAGGCTCCCTGGGT 800
ATLKKTSGQ@EVCLUDTPEAPWYV

GAAGAAAGTGATTAAGGCGATCATGAACAAGTAAGTACAGGTCAATCAGACAGTATAAGGTCACTCAAACTCAATAGTCT 880
K KV Il KAI MNN

ACTTTCAGGATTTAACTGGATAACGTAACAGAAAATGTTCACTTCTGATACACATATTAATTATTCTTTICTGTTTCTTT 960

TCTCTGCAGCAGAAGTCGCTGAACAGACCGGGAGAGATGTGTTTCATGAGCCTTAGCTGCTCATAAACAGATGAAAAGTA 1040
R S R =

CCAAAAAGTATTTGTTTGGTGATGATAACGTCATCACATGCCATACCAGAGGA 1093

Fig. 15. Compiled full-length rbIL-8 gene sequence. Exon regions underlined
are derived from the cDNA' sequence. The splicing motifs (GT/AG) are

shadows.
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0 100 200 300 400 500 600 700 800 900 1000 1100 1200 12300

rsbIl-8 188 67 133 87 16 330
116 106 141

rbIL-8 195 67 133 87 s 111
194 146 139

Fig. 16. Genomic structures of the rsbIL-8 and rbIL-8. Exon are shown as
grey boxes with sizes (in base pairs) given inside, while horizontal lines
represents introns with their nucleotide lengths provided below. The

untranslated region is indicated with boxes.
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2. 3. COX-2 gene? 7|54 &4

rsbCOX-2gene? cDNA 7|4 <LEE Hvlgo® 5'-end9t 3‘-end
untranslated region®l Z}7Z} primerE A &ste] o liverol Al e
sk DNAE template® 34 genomic DNA®] tjgt PCRE A A|3}SI T}
1 A3} 4596bpe] genomic sequenceE & 40 AR ™, 10719] exon
I 9789l introne® TAES FAT F AT E=IF EE exondt
intron AFolell &= splicing motif (GT/AGE &<l & 4 k. 1 24
7 gl # rsbCOX-2 gene9 full sequence Fig. 179 WERSLL
™, Fig. 182 &=43} dto] YehfiAtt.
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GAAAATTCAGACTCTCTCTGAGCTTCAGAGCGACACACGAGGGAGAGGAGAGAGACAGGAAGCACAAGAAGGTCCGGCAA

AGTCTTTGGAGTATGAACAGGCTCACATTTGCGGTTTTCCTCTCGGCGCTGGGGTTTCTCGTCTGCGCAGCTGGTAAGTC
M NRLTFAVFLSALSGTFLVCAA

TTTGAAAGCTTAAACAGAAGACAGAAGAAGAAGCGCGGTGTTTAATATGTCTAAAGTTCTGTTGTCGTTTTAGGATTTTA

TTATTTTTAGGAATATAATGACACTAAAAAAAGTTTATAACTATGTCTTCATTTTTTCTGAGATGTATGATCCTGTTATG

CTGAGGCTTTTCTAACACATTTGTGTTGGTATCGGGTGAAGTGGAATCCTAATAACCGCCTGTTGTTACCTGTGACAGGT
G

AACCCATGTTGCTCAGAGCCATGCCAGAACAGGGGCGTATGCACTGCGCTTGGATCAGATAATTATGAGTGTGACTGCAC
NPCCSEPCQ@QNRGVCTALGSDNYETCDTECT

GCGGACAGGATATCGTGGACAAAACTGCACAACACGTAAGTCTGAATGAAACACATGAGGTGGAACTAAAATTAGGATGT
R TGYRGQ@QNTCTT

ATTTGTTGCTGTGGGTTATTCAATAACTCATTTCCTTCTTGGCCGTTACAGCTGAGTTCCTCACCTGGCTCAAAGTATC
P EFLTWLIKVS

CCTGAAGCCTTCGCCCAACACTGTCCACTACATTCTCACCCACTTTAAGGACTTCTGGAACATCATCAACAACATCTCAT
LKPSPNTVHY Il LTHFIKDFWNI I NNIS

TTCTCAGGGATGCCATCATGAGATATGTGTTGACATGTAAGTGTTTCTTCCTCCAGGCAAAATGAGAACATGTTTTGGAA
FLRDAIMRYVLT

ACTGCTTCATAACAAATCAAATAATTTGTACAGAACCAGTGGGAGTGTTTTTACTAATAATTCAATGTTTTCTCTCTAGC
S

TCGATCCCACATGATTGATAGTCCTCCAACTTTCAATGCGGATTATGGT TACAAAAATTGGGAAGCCTATTCCAACCTCT
R SHM I DSPP.T FNADYGYIKNWEAYSNTHL

CCTACTATACGCGCACCCTCCCCCCTGTGCCCGAGGATTGCCCAACCCCTATGGGAGTAGAAGGTGAGTACGCTTTCTCT
SYYTRTLPPVPEDT CPSTPMG\VE

GCCTCAGGAGAACCAGTTTTCTCAGATTCTTGTATACTGAGCAAGAGTGACTTGGCCCCATTACATCACAATGAAATGAT
CCCCTCTGTCGGATTAAGAGAGTTCAAATGTGCTGATGGAACACAGCAAAACCTGCCCCAGCAAGCCAAAACTAAAAGAG
ACGAAACCAGTTTTGTTTGTTTTTTCCTTTTTTTTAGCTTTAAGAATTTACAGTGAAAGCAAATCTCCATTATAACGTTG
AGTCACCTAAATGTGTTTTATCCAAGTGAAACTGTCTTGATTCTGGATTATAATCTTGTATGCTGATTTTTCCCCCAG%I

AAAAAGGAGTTACCTGATGCTAAAATACTGGCTGAGAAGCTTCTTATGAGAAGAGAGTTCATCCCGGACCCACAGGGCAC
K K ELPDAKI LAEKLLMRRETFEI PDPOQGT

CAGCCTGATGTTTGCATTCTTCGCACAGCATTTCACCCACCAATTCTTCAAATCTGATATGAAGAGAGGACCTGCTTTTA
SLMFAFFAQHFsIT-HQFTFIKSDMKTR RGPATF

CTGCAGCTCAAGGCCACGGGGTAAGCACAGCACATCTCAAGCAACATCAGATTTGAGTTAAGAAATAGAGACAACTTGTG
T AAQGHG

AATGAATAATTTATTAACAATACAACATCTTTGTGCTTTCAGGTTGACCTCAGCCACATT TATGGAGACAACCTGGTCAG
vVDL-SHITYGDNLVR R

GCAACACAAGCTCAGACTCTTCAAGGATGGCAAGCTTAAACACCAGGTATGAGAAGAGACAGCTGTAGTTTAAACAGCCG
Q HKLRLTFIKDSGIKTLIKHAa

AACACTTCAGACCACACAAGTGTCTAACAGATGCTTCCTCTCTTGCGTAACTCTGCAGATCCTGGACGGAGAAATGTATC
'L DGEMY

CCCCGACAGTAAAGGAAGTTGGCGCTGAAATGCACCACCCTCCTCACGTTCCCGACGCTTACCGCTTCGCCGTGGGCCAC
PPTVKEVGAEMHHPPHVYPDAYRTFAVSGH

Fig. 17. Continued.
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GAGGCGTTCGGCCTGGTCCCCGGCCTGATGATGTACGCCACCATCTGGCTACGGGAACACAATCGGGTGTGTGATGTGTT
EAFGLVPGLMMY AT I WLREHNR RVYVTCDUVL

GAAGGAGGTCCACCCCGACTGGGATGACGAGAGGCTCTTCCAGACCACACGCCTCATTCTGATCGGTGAGTTGATGAAAC
K EVHPDWDDERLFQTTR RLI L

TGAGAATGTTTTGAAAACATTCGGCTGGGAAATGAAAGTCGAAATAACAACGAAAAAGGCATGTGATTCACTTGTCATGG
TGCTCATATAGTTACCACGGGAGT TAAGAAAAGAGGAAGTTGTACTTTTATTTTGGTAATCATCTACTTGCAAGCACGTT
GCACACAGTGGAGGATTAAAGCTCTGCTGTGTTGAAAGATATGAGGAAGAGGAAATGTTTAGTTTTCCATTGCAGGGCTT
CACTGCACGTTTACAAACAATTACAGTCAATCAGAATAATAATTTGTGTCTGATATGGATACTTAGAAACTATTAAAATG
ACATCTTCTCCTCCTCACTGATTGAAAAGGTTGACTGCTAGACACAAGCTGTCTCCTAAACCACTGAAAAGTTATTCTTA
GTCTACATACACATGATATTTCCACATTACACTGTGAAAGTTGTATATTGATCCTTGATTGGCTTAGGTTTCTAGTGTCA
AACACACACATTGAACCTGAAACATTCAAGTTAAATAACAAAAAGCAATGTATAACTACATTATGTTAAAATACTTAATC

ATTTGTCCTGCAGGTGAGACCATCAAGATTGTCATCGAGGACTACGTGCAGCATCTGAGCGGCTACAACTTCAAGCTTAA
GETI1 K I VI EDYVQHLSGYNTFIKTLK

GTTCGACCCCGAGCTGGCTGTTCACCAGCGCTTCCAGTACCAGAACCGCATCGCATCCGAGTTCAACACCCTGTACCACT
FDPELAVHAQRFQYQ@NRIASETFNTLYH

GGCACCCGCTGATGCCTGATAGTTTCCACATTGAGGAGAAAGAATACAGTTATAAAGAGTTCGTCTTCAACACGTCTGTA
WHPLMPDS ST FHI EEIKEYSYKETFVFNTSV

GTGACTGAGCACGGCATCAGCAACCTTGTGGAGTCGTTTTCCAAGCAGATCGCTGGACGGGTAAGAACAGTTTGAGCTGT
VT EHGI SNLVESFSKA QI AGR

TGTAGCAGCATTTCAATTTAGACCGTAACACTCTGATCACTTGAAGGCAGATTAACTGACTTTCCATTCATTTATTTAGG

TTGCCGGTGGCCGAAATGTCCCAGGACCTATCATGTACGTGGCCATCAAGTCCATTGAAAATAGCAGAAAAATGCGCTAC
VAGGRNVPGP I MY VAIKSIENSRKMRY

CAGTCTCTGAATGCCTACAGGAAGCGATTCTCCTTGAAGCCCTACAGCTCCTTTGAAGACATGACAGGTGAGACGAAGTC
@ SLNAYRKRFSLIKPYSSFEDMT

AAGATGACTAACCAAGCCTAATTCTTGCAGGGGAAAGGTTGACATCAGAAGATTAGTAAACAGGTTATTATTAACATGAA
GTGAAAGGAAATCTCACCTCAGTCCAAATTATTTTTCTGT TATTAATAGCATTGTCAGGAATTTAATGCGAGCCTGAAAA
ACATGCCCAGATCGAAGCTGATGTCATAGATGACTTATTATTAAAGAAATACTTTAGACCCACTTTTATTCCCCAGCAGC
TTTAAAGGTTAGGAATTTATTTGCACGACTCTAAGAACCAGATGTACATTTCGTCTTGAGATAGTGTAAGCAAATTGTCA
TCACAAGAGAGCAAGACATAAACAGACAAGTAAGACCTCCTGCTTCAGAGGAGAGGATTTAAAGTTCACAAGAAAGGAGG
ACTTAACGTTGATTAAAAACTAACTGTGATGCATGAGGACAGAAAAGTATTAAGT TGGAGAGAAAAGAGGAAGGAAGGGG
TAGAAACAAGAAGAGAGATTGTGTTTATCTTTTATTTGCTGGATCTGAATCAGTCAAAACACTGAGCTCATATTTAGACT
AGCAAGCTTTTGCAAGCTTTGCAGCTGCTGAGAGAGCGAGAGAGAAACGCCAGACCAAAACTAAAACCACCECCTTCTTT

GTGTTCCTCAGGAGAGAAAGAAATGGCCGCAGTGCTGGAGGAGATGTATGGACACATCGACGCTATGGAGCTCTACCCGG
GEKEMAAYVY'LE EMY GH I DA M E L Y P

GTCTGCTGGTGGAGAAACCCAGGGAAAACGCCATCTTTGGGGAAACAATGGTGGAGATGGGGGCCCCTTTCTCCCTCAAA
GLLVEKPRENAIFGETMVEMGAPTFSTLK

GGCTTGATGGGAAACCCCATTTGCTCCCCGGAGTACTGGAAGCCGAGCACGTTCGGAGGCACCGTGGGCTTCGACATCGT
GLMGNPI CSPEYWKPSTFGGTVGFDIV

CAACACTGCCTCCCTGCAGAGGCTCGTCTGCAATAACGCGAATGGACCCTGTCCCGTGGCATCCTTTCACGTGCCCGACG
NTASLQRLVCNNANGPTCPVASFHVYVYPD

TTAAAGAGACGGGCTCCATGATCATCAACTCGAGTACATCCAACTCACGCAGCAGTGATATCAACCCAACAGTCATTCTA
VKETGSMI I NSSTSNSRSSDI NPTV I L

Fig. 17. Continued.
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AAAGAAAGGACTACTGAGCTCTAATTTGTATTATTTTCTCTAACTTTATTATAAATGTATTTATTTATTTATTTATTTTA 4320
K ERTTEL =

TATTTATTTTCCTATATTTATATGAGAAATTGGAAAGTAGATTTTTTTATAGGTGATTTTGTATATTTATGACTGGCAAT 4400
CAAGAACAAAAGTCTGTGGATGTGTCTATTTATTGAAAGATTCATTGTTTTATAAATTATTGTCACAGTAATGACCTCAG 4480
TCACTACAACTTAATACTTGAAGGTTAGTTTACAGTTTCAACTACTTGGTAGTGTACATTATACTTGCTGGTTAAATGTA 4560
TGTTCACTAACAGTTTATCAGTCGCAGAATGTGCAG 4596

Fig. 17. Compiled full-length rsbCOX-2 gene sequence. Exon regions
underlined are derived from the cDNA sequence. The splicing motifs

(GT/AG) are shadows.
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3. F7IM €9 v £

3. 1. Mx gene®] H|L

BE o799 Mx genee dyanamin family motif® GTP-binding
site Z12]3L leucine zipper domain¢] &AJ35F%lo™ (Fig. 20), BioEdit
programs o]-&3sto] Hluwe] B S W rsbMx1< gilthead seabream
Mx13 78.1%= 71 =4 YeESa F3kel] 40~78.1%2] identityE H
At} rsbMx2i Eropean seabass Mx$} 94.7%% 714 A veyte
W 42.9~94.7%9] identityES XUk E3F rsbMx1¥ rsbMx27+9]
identity: 70.3%% YElstH (Table 4). 3tA barred knifejawe] 371
o] Mx gene?| identity® 74.3~88.8%% UEISTH (Zenke K & Kim
KH, 2008). wetA Mx gene9f identityis Fol oJEs71HtE o
74l type®] Mx geneo] EAdttal F= & 5 A0 oH, rshMx13}
rsbMx2+= ©& typed | Mx gene?lgtal ==& F @ AT}
Phylogenetic treeo| %= rsbMx13} rsbMx2 geneo| FHdAo = Z}o]

g #el @ & I Fig. 19).
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guilthead seabream Mx3

guilthead seabream Mx4
rsbM x2
guilthead seabream Mx2
barred knifejaw Mx2
barred knifejaw Mx3
bastard halibut M x
[turbot Mx1
99 “turbot M x2
guilthead seabream Mx1
rsbMx1

99 _|7European seabass Mx
90

barred knifejaw Mx1

99 99

rainbow trout Mx2

rainbow trout Mx1

99 99
Atlantic salmon Mx3

rainbow trout Mx3
48

62 Atlantic-salmon Mx1

99 = Atlantic salmon.-M x2

_| zebrafish MxA
88

channel catfish Mx1

human Mx1

chicken Mx

0.05

Fig. 19. Phylogenetic tree showing the relationship between different Mx
amino acid sequences. The GenBank accession numbers of the Mx genes
are as follows : gilthead seabream. Mx3, FJ652200; gilthead seabream Mx4,
FJ490556; gilthead " seabream Mx2, FJ490555; barred knifejaw Mx2,
EU807986; barred knifejaw Mx3, EU807987; bastard halibut Mx, AB110446;
turbot Mx1, AY635932; turbot-Mx2, AY635933; gilthead seabream Mxl,
AF491302; FEuropean seabass Mx, AM228977; barred knifejaw Mxl,
EU807985; rainbow trout Mx2, U47945; rainbow trout Mx1, U30253;
Atlantic salmon Mx3, NM_001123675; rainbow trout Mx3, U47946; Atlantic
salmon MxI1, BT043723; Atlantic salmon Mx2, NM 001123690; zebrafish
MxA, NM 182942; channel catfish Mx1l, AY095349; human Mxl1,
BC032602; chicken Mx, EU348752.
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Fig. 20. Continued.
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Fig. 20. Multiple amino acid sequence alignment of different Mx genes.
Shading was performed using the conserved mode (black, dark grey, light
grey shading set to 100%, 80% and 60% amino acid conservation,
respectively). Gaps are shown as dashes. The GenBank accession numbers
of the Mx genes are as follows : gsbMxl1, AF491302; gsbMx2, FJ490555;
gsbMx3, FJ652200; gsbMx4, FJ490556; rbtMx1, U30253; rbtMx2, U47945;
btMx3, U47946; bhMx, AB110446.
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Table 4. Amino acid identity of rsbMx1 and rsbMx2 with other known Mx

genes.
SOMXI® rsbMx2 esbMx  gsbMxl gsbMx2 bhMx  rbtMxl Cricken Human
Mx Mxl1
AL 703 764 78.1 704 677 703 400 503
- (69.6)° (68.8) (77.8)  (69.5) (71.8) (68.2) (51.0) (56.2)
o A 810 947 813 800 429 533
= 61.0) (68.7) (71.8) (71.8) (67.6) (52.8) (55.7)
e e 756 735 701 723 561 50.7
= (71.6)  (69.3) (65.6) (61.5) (54.8) (57.1)
829 768 767 418  53.8
g 83:4)—(73.1)  (65.8) (50.7)  (54.6)
809 795 425 53.2
s
Ll (72.8).  (64.2)~. (49.6) (52.4)
778 4 M5 52.4
Gl 69.6) ' (514)  (56.9)
433 52.3
1btMx1 AW\ ¢75)
Chicken 45.0
Mx (56.0)
Human
Mx1

2 esbMx (European seabass), gsbMx (gilthead seabream), bhivix (bastard halibut), thiMx (rainbow trout).

b nucleo tide identity
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3. 2. [IL-8 gene? H|

BioEdit program< ©o|8&3}o] Blwa] HYS w rsblL-8 gened
black porgy IL-8 gene®} 90%= 7} #A UElwoer, dAxgoz
34.7~90%9] identitye WEFWHT rblL-8 gene rsbIL-83 86.0%=
7HE =A ustern, AAHo R 34.7~86.0%2 identityE YERITH
(Table 5). IL-8°1 4] YE}= ELR motifx= E-F7F9 4 Glu-Leu-Arg
B2 o]Folzxl whH  ofFoM= o FEHE  EZASsd 59
rsbIL-8%} rbIL-8< Zt7}  Glu-Leu-His®} Glu-Met-His®] HEH=Z ©]
FolA Ues A T F AAT (Fig 22). o]FelA+= haddoc
Atlantic cod& A¥gt BE AZojfFolA ELR-motif7} th2 FH=Z &
A8t Sl .
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99 rsbiL8
52 | I: black porgy
—— sea purch

rbiL8

98

70
Fugu rubripes

99 bastard halibut

99— rainbow trout

t L Atlantic salmon
41 I: haddoc
99 Atlantic cod
chicken
=

human

common carp

0.1

Fig. 21. Phylogenetic tree showing the relationship between different IL-8
amino acid sequences. The GenBank accession numbers of the IL-8/ genes
are as follows : ‘black porgy, DQO00061; sea purch, DQ855621; Fugu
rubripes, NM 001032587;  bastard  halibut, AF216646;. rainbow trout,
AJ279069; Atlatic salmon, NM-001140710; haddoe, AJ566335; Atlantic cod,
AY614593; chicken, NM 205018; human, NM 000584; common carp,
AB470924.
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ELRCXC

rsbIL8 68
bILS (1]
black porgy 63
sea purch 68
Fugu rubripes &7
bastard halibut : 67
haddoc 70
Atlantic cod 70
rainbow trout 67
Btlantic salmon : &7

rsbIL8 : 100
rbIL8 99
black porgy 94
sea purch 99
Fugu rubripes HE- -]
bastard halibut : : 109
haddoc : 101
Atlantic cod : 301
rainbow trout 97
Atlantic salmon : 97

Fig. 22. Multiple amino acid -sequence alignment of different IL-8 genes.
Shading was performed.-using the conserved mode- (black, dark grey, light
grey shading set to 100%, 80% .-and 60% amino acid conservation,
respectively). Gaps are shown as dashes. The GenBank accession numbers
of the IL-8 genes are as follows : black porgy, DQO00061; sea purch,
DQ855621; Fugu rubripes, NM 001032587; bastard halibut, AF216646;
rainbow trout, AJ279069; Atlatic salmon, NM 001140710; haddoc,
AJ566335; Atlantic cod, AY614593.
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Table 5. Amino acid identity of rsbIL-8 and rbIL-8 with other known IL-8

genes.
Rock Redsea Black Sea Bastard Fugu  Rainbow dhitien  mman.
bream  bream  porgy perch  halibut rubripes  frout

Rock 86.0 77.8 85.9 62.7 79.8 56.6 42.5 34.7
bream (76.6)* (74.9)  (75.7)  (68.0) (64.8) (61.5) (47.5)  (41.3)

Red 90.0 87.0 64.5 82.0 55.0 40.6 34.7
sea bream (86.3)  (73.0)  (64.9) (65.4) (61.8) (46.1)  (38.1)

Black 82.8 60.6 735 53.1 41.0 39.0
porgy (71.1)  (64.8) (63.9) (59.9) (46.0) (383)

Sea 63.6 81.8 60.6 41.5 36.6
perch (64.8) (66.1) (59.9)  (43.8) (37.4)

Bastard 62.4 51.4 3455 373
halibut (61.1)  (60.3) . (48.7) (41.3)

Fugu 571 3.1 34.0
rubripes (59.1) (47.5) (39.7)

Rainbow 40.0 38.0
trout (48.3) (40.6)

. 48.1
chicken §2.5)

*nucleotide identity
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3. 3. COX-2 gene?| vl

BioEdit program< ©]&3to] vlwal] HS w rsbhCOX-2 gene
rock bream COX-2 gened} 90.6%= 7} =2 identityE YWEFIA S
m, COX-2 gene°llAl& 63.3~90.6%¢] identityE YEFH AT (Table
6). COX-1¥ COX-2 gene X5 cyclooxygenase active  site,
N-glycosylation site, peroxidase activity 18]l haem-binding site
E 7FAA R COX-2¢] substrate binding channels = Arginine®}
Valines 7AW, inducible enzyme®]gti= zo]E HIT 2 A9
Al inducible enzymed& &<l & F JUAAIWF substrate binding
channels®l Arg-5023% Val=512% Q1 & < qlew (Fig. 24),
Phylogenetic treeE o] &3dle]l COX-1¥ COX-22 w3ks] &7 & &
AT (Fig. 23). 3 COX-2& & Mx gene®ly IL-89l H]3| EZ

Fob v ¥ identityE &2 & = IAY (Table 6).

_63_



Atlantic croaker COX-2
rockbream COX.2

longhorn sculpin COX-2b
70 rsbCOX2
. T L mummichog COX2
o 4‘ rainbow trout COX2
9% zebrafish COX2a

99 human COX-2
499‘— chicken COX.2
Atlantic hagfish COX2 -
spiny dogfish COX e
human COX1

99

— Cyclooxygenase -2

longhorn sculpin COX1a

& oo [— rainbow trout COX-1
L Atlantic saimon COX.1 = Cyclooxygenase -1

Zebrafish COX1
81 ———  mummichog COX-1b

0g ﬂlc croaker COX:1
o7 longhorn sculpin COX-1b=

99

0.05

Fig. 23. Phylogenetic tree showing the relationship between different COX-2
amino acid sequences. The GenBank accession numbers of the COX-1 and
COX-2 genes are as follows i Atlantic croaker COX-2, AB292358;
rockbream COX-2, “FJ952157; longhorn | sculpin COX-2b, EU703783;
mummichog COX-2, AY532639; rainbow trout -COX-2, NM 001124348;
zebrafish COX-2a, NM_153657;- human —~COX-2, ~NM 000963; chicken
COX-2, NM 001167719; Atlantic hagfish COX-2, EU703785; spiny dogfish,
AF420317; huaman COX-2, NM 000962; longhorn sculpin COX-la,
EU703784; rainbow trout COX-1, NM 001124361; Atlantic salmon COX-1,
BT045745; zebrafish COX-1, NM_153656; mummichog COX-1b, EU703781;
Atlantic croaker COX-1, AB292358; longhorn sculpin COX-1b, EU703789.
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redseabream
rockbream
Atlantic croaker
munmichog

Atlantic hagfish

redseabream
rockbream
Atlantic croaker

rainbow trout
Atlantic hagfish

redseabreanm
rockbream
Atlantic croaker
munmichog

inbow trout
Atlantic hagfish

redseabream
rockbream
Atlantic croaker
mum: hog
rainbow trout
Atlantic hag

redseabream
rockbream
Atlantic croaker
murmichog
rainbow trout
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redseabream
rockbream
Atlantic croaker
murmichog
rainbow trout
Atlantic hagfish

redseabream : 608
rockbream : 608
Atlantic croaker : 608
munmichog 3 610
rainbow trout : 607
Atlantic hagfish : 610

Fig. 24. Multiple amino acid-sequence alignment of different COX-2 genes.
Shading was performed using theconserved mode (black, dark grey, light
grey shading set to 100%, 80% and 60% amino acid conservation,
respectively). Gaps are shown as dashes. The GenBank accession numbers
of the COX-2 genes are as follows : rockbream, FJ952157; Atlantic croaker
COX-2, AB292358; mummichog COX-2, AY532639; rainbow trout COX-2,
NM _001124348; Atlantic hagfish COX-2, EU703785.
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Table 6. Amino acid identity of rsbCOX-2 with other known COX-2 genes.

Redsea  Rock  Atlantic Mummi Rainbow Longhorn Atlantic .
chicken human

bream  bream croaker chog trout sculpin  hagfish
Redsea 90.6 89.6 88.5 72.9 89.8 63.3 74.0 72.0
bream (82.4¢® (80.5) (72.8) (65.9) (81.5) (63.1) (45.8) (42.6)
Rock 94.4 88.0 74.2 90.3 64.4 73.3 722
bream (83.9)  (74.3)  (66.3)  (82.4) (61.6) (46.0)  (43.7)
Atlantic 63.2 73.2 87.8 64.0 72.4 70.9
croaker (72.7) (65.8) (78.4) (61.7)  (45.3) (42.7)
Mummi 750 87.4 632 73:3 72.0
chog (66.4) (73.6) (60.4) (47.9) (45.3)
Rainbow 25.3 61.5 69.7 70.6
trout (67.3). ™<61.5) (48.0) (44.4)
Longhom 62.5 722 T2
sculpin (6T ¢ (15.4) (42.7)
Atlantic 64.6 62.4
hagfish (41.5) (39.2)
3 81.6
chicken (61.9)
*nucleotide identity
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4. iridovirus Z+<¥d 3k HYuL B A

ZZ3 ZEo] z+zF MEM, poly LC 500 pg/fish Z18] 3l iridovirus
°F 10° copies/fishE® &7 FA}slo] 1Y, 39, 79 34 liverE g3}

o] Mx, IL-8, COX-2, IL-18 gene®] TS A8 oH, HAAME ®
gk vkt 1 Ay Fse 1294 #HAE dojuA] 1594 74A
HZE A kgl 20%° 13 EwS TEARH #HAE dojur] Al
A 1094 100% #AAREHSATE (Fig. 25). W9whgS  poly I:C HF
Al rsbMx13} rsbMx2% Z+2b oF 21df¢} 19w =9 odS Yeldle
o 1 A= 197 2E3F rock bream Mx gened A TE (Fig.
26). T3 AL control TIuF Bl AR 2po]lE YER
At iridovirusE FHFol TAIAS 49 rsbMx12 39# <F 884
A% F71elsl o™ rsbMx2 A 2088} A== IA F7tsR e 74
Aol tha A As g8l & F AT (Fig. 26). L2 rock
bream Mxgene®] 7 344 744 & ®WstE HolA]| izt 7dA
oF 33 A= F7kst AL &9l & 4 I}tk (Fig. 26). 3# o &
immune gene?l IL-8, COX-2 2]al IL-1B gene2 control®} H] s}

.
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—&— rock bream
O red sea bream

Cumulative mortality (%)

Days

Fig. 25. Cumulative mortality of red sea bream (Pagrus major) and rock

bream (Oplegnathus fasciatus) challenged with iridovirus.
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Fig. 26. Expression level of the Mx genes! in red sea bream and rock
bream relative to controls. injected with poy T:C (A), injected with iridovirus
(B). The data are normalized relative to the expression of [-actin and
analysed using the AACt method. *Depicts statistical significance between
challenged fish versus control fish (P < 0.05). *Denotes  statistical

significance between red sea bream and rock bream (P < 0.05).
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Fig. 27. Continued.
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10

(C) I red sea bream IL1b
1 rock bream IL1b

Gene expression

Lae al &

1day 3day Tday
Days

Fig. 27. Expression level of the [L=8, COX-2, IL-1B genes in red sea bream
and rock bream relative to controls. IL-8 gene (A), COX-2 gene (B) and
IL-1B gene (C). The data are normalized relative to the expression of P
-actin and analysed using the AACt method. *Depicts statistical significance
between challenged “fish versus contrel fish (P < 0.05). °Denotes statistical

significance between red. sea bream and rock bream (P < 0.05).
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Table 7.

bream and rock bream.

Expression level and Ct value of the immune genes in red sea

. Sampling Expression
Species Gene . Ct value -AACt
time level
Day 1 21.240.3 2.4+0.1 5.8+1.9
Mx1 Day 3 17.7+0.5 6.5+£0.3 88.1+6.5
Day 7 18.5+0.3 5.4+0.4 45.6+£9.7
Day 1 21.5+0.5 2.0+£0.3 4.3+£1.5
Mx2 Day 3 16.9+0.4 7.7£0.5 208.4+14 .4
Day 7 18.9+0.6 6.6+£0.3 99.1+10.9
Red sea Day 1 27.5+0.5 0.7+0.1 1.6+0.1
IL-8 Day 3 28.0+0.4 0.0+0.4 1.1£0.3
bream
Day 7 27.0+0.3 -2.3+0.7 0.21+0.1
Day -1 26.4+0.6 -0.5+0:5 0.7+0.3
COX-2 Day 3 25.3+0.8 1.1+£0.2 2.1+0.5
Day 7 27.040.3 -1.1+£0.4 0.5+0.1
Day 1 26.6+0.5 -2.1+1.8 0.4+0.4
IL-1B Day 3 28.7+0.6 -0.8+0.6 0.5+£0.3
Day 7 28.1+0.2 -1.1+0.3 0.4+0.1
Day 1 22.7+0:8 1.3+0.1 2.4+0.3
Mx Day 3 19.8+0.4 4.2+0.3 19.54+7.0
Day 7 19.24+0.3 5.0£0.3 33.446.8
Day 1 28.7+0.1 -1.9+0.7 0.31+0.2
IL-8 Day.. 3 28.24+0.5 -1.5+0.9 0.37+0.1
Rock Day 7 29.7+£0.9 ~1.9+101 0.31£0.2
bream Day 1 27.0£0.6 -0.4+0.4 0.8+0.2
COX-2 Day 3 25.6+0.5 1.0+0.5 2.1+0.7
Day 7 28.3+0.5 -2.6+0.4 0.2+0.1
Day 1 29.6+0.7 -2.0+0.4 0.2+0.1
IL-1B Day 3 27.540.6 -0.1£1.0 1.2+0.9
Day 7 29.6+04 4.1+0.8 0.0+0.1
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iridovirus= A AlA A o= @ FAojFe & dlE T UdoH
FElvgtel M= FEd Ewed #HaEo BAHew
713l St SHAINE iridovirusell thEF A mHolup A 53k A o]
o}, iridoviruse] dWHolyt X s i S A9-7] sl viruses AHA
of tigh Ak ofje} ol ok oA wkg = A AE oA oF
o FmellA W FAtel w3k A= MHC class 1T B (Chen SL
et al, 2006)d digt AF o] HiEe glom EFoAE IL-1B
(o], 2006), Mx gene (Zenke K & Kim KH, 2009)%9] #3 A7}
Hol oyt dojit of el Hlal Fo] F-=Fsirt.

=2

)
7HE e #Ee Mxl, Mx2, =8 g3 COX-
gene?] full sequenceE cloning s}al 2= 9] iridovirus
A Al LA WeEe EAel] S5 #AEe 1Y 2U)6ksS v
Rzt skt AA W FAAte] full sequenceE P37 93
Genbankdl =¥ e -HE oFEL Mx, IL-8 Zizlal COX-2
genes H|18Y] conserved. Hol= S TED 5 A A4
degenerated primerE A ZFste] poly [1C T ofJFHY A7l V.
anguillarum®. % A=3F =3 559 liverolA 23k total RNAE
template® RT-PCR= ¥ 23 ol Mx genel 2 FAHE =
559 bp, IL-8 geneo® FA%T 168 bp, 283l COX-2 genel=

F45+= 871 bpY productE: ¥ F Ao =52 IL-8 genel



2 F4 = 175 bp9 productE: 9 F AUJY. ©] productE
sequencingste] olv] dejA = e T FAAEI Hlusls o
T identityE 7HAAL = RS & & 5 Ay w2z
HAFE rsbMx, rsbIL-8, rsbhCOX-2 “12]3l rbIL-82} W™ 3}3lt).
Zkzko]l 22k9] full sequenceE ¥3]7] $18] 5-3 3'- endsE
7} RACE-PCR&1&=d SWFAE rsbMx gene? 5° RACE-PCR
ol A 304 bpt 322 bpe] F 7He] sequencing AdE el & 4 9)
i F Ay BF Mx genedS BLASTE &) &< & 4 vk
et 247 rsbMx 1% rsbMx28 B atal 717t RACE-PCRE A4
3ttt RACE-PCR ZA# rsbMx19] ¢DNA¥ Z 2381 bp= 114 bp9]
5 UTR region, 1881 bpe] ORF 18|31 386 bpel-3° UTRE T4 H o]
ANl (Fig. 1), rsbhMx29] ¢DNA+ % 2806 bpE 126 bpe 5 UTR
region, 1914 bp9) ORF Z1&]al 766 bpe 3° UTRE FA S AArh
(Fig. 2). rsbIL-8& % 865 bp= 188 bp2 5 UTR region, 298 bp<]
ORF Z#x 379 bpe 3° UTRZ FAHe Ao (Fig, 5),
rshCOX-2+ & 2528 bp='92 bpe] 5 UTR region, 1827 bp2 ORF
a2 609 bpe, 3° UTRZ FA = AeH (Fig. 9), rblL-8 F
888 bp= 203 bp2. 5 UTR region, 312 bpe ORF Ztg]al 373 bpY
3" UTRZ TAHo AT (Fig.-6). 28}l translated ORF+= 212z}
627, 637, 99, 609 18] 10471} amino acidsE 7FAaL UATH &=

Jo

m N

s 2E FAAe] 3 UTRelA inflammatory molecule instability
motif (ATTTA), polyadenylation signal (AATAAA)Z} 7
polyadenylated tail®] ¥3st= o] A}t (Fig. 3-4; Fig. 7-8; Fig. 10).

inflammatory molecule instability motifi= RNAS] WA 3} #Heo]
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(Sachs, A. B., 1993), 945 "I7l&}& codingste Aol A AP A 2
2 Yely=d (Caput et al, 1986), ©o]A o] A7} AEeH o2
7I'se 7ML ke AS ofv] g

Mx gene EAZ o2 3709 GTP binding motifs, dynamin family
signature Z12]3l leucine zipper motifsE 7}FA&H rsbMx13}
rsbMx29l 4%  AIAVIGDQSS GKSSVLEA, DLPG, TKPDe GTP
binding motifs®} LPRGSGIVTR®] dynamin family signature 12|l
dggk HA 9] leucineS® o] Fo|%l leucine zipper motifs7} &<l 5
At (Fig. 3-4). mouse Mx1< nuclear localization signal (NLS,
KKRK)eo] &A]3tH o] A& Mx proteine] o= EAZ + s 3}
™ mouse Mx1 protein®] influenza virusE Adst=d L3t} (P.
Staeheli, 1986; T. Zu'rcher, 1992). o}FolA+ rainbow. trout Mx2
of NSLo] A9 (Leong JC et al, 1998), rsbMx13¥} rsbMx2% NSL
o] EA)st#] &ktl. gilthead sea breamolA = 4702 Mx gene©] H
axo] lem rock bream, rainbow trout ZL2]3l Atlantic salmon<-
37 ®Bar wHeol o, THFEe Mx gene inducible  aFA|RE
Atlantic salmon Mx1¥} rock bream Mx1<> constitutived}Z] 2hd ko)
i BuEArt (Kibenge sMI et al, 2005; Zenke K & Kim KH,
2009). o]# 3t H.il+= Mx geneol @ntolgl A~ 7589 ofy g & 7|
U F50] 7heetth Eodgtoll A= Fmol A 2709 Mx gene

199 o™, 5 Mx gene 55 inducible 3}A @&dES &2l &

olr

s
a

s

=13
=

o

)
ol

A

®

b
)

IL-8 genea Glu-Leu-Arg® ©]Fo1%l ELR motif ¢} Cys—-X-Cys=

o]Fo]x CXC motifE 7HAth I FTAA%= L7 IL-829 ELR motif

0Q

_75_



E receptorE ¢1AEta AT E HUEd & o35t} (Clark-Lewis et
al., 1991). ELR motif= WE+E Felstar 245A7]= t& CXC
chemokine®] A< tii-eol EAISHA|RE, & 7]5S 3 chemokine
o= A3 EAsA &&=tk oA ELR motif7} G5HHsS 3=
o o] vl T8 4TS st A Yv@d. 18y haddoc®t
Atlantic cod& Al¢g tF-Fe] d=o7F+ incomplete ELR motif&
zZteth (Fig. 17). wepA dZol#e] IL-82 X729 IL-8 Hl&f 7]
5ol "Wo]At} (Strieter RM et al,2006; Laing KJ & Secombes CJ,
2004; Baggiolini M et al, 1997). ¥ A7 23 rsblL-8¢ ELR
motif+ Glu-Leu-HisZ o]Fo] How, rblL-82 Glu-Met-HisZ ©o]F
oz #E3 =5 [L-8 gene EF incomplete ELR motif= <3t

gl & 5 A (Fig. 7-8).

o

prostaglandin H synthases 5:+= prostaglandin. endoperoxide
synthases® %43 PGHS#= Cyclooxygease (COX)etil tf & <&
o™, myeloperoxidase superfamily®] A|®2F oxygenases©|t}.
1 % COX-2+= IL-1B° 98l f%%+ inflammatory genee]t}. COX
gene< cyclooxygenase active site, N-glycosylation / site,
peroxidase activity. “L12}al haem-binding site’} <43t COX-2
gene> COX-1¥ ¥ substrate binding channels = Arginined}
Valineg 7FAW™, inducible enzymeo]dti= zfolE Bt} E ¢ Lo
A 88l rsbCOX-2 gene? inducible enzyme¥l S <l & 4+ 9AA
W COX geneoll Al YEMY:= cyclooxygenase active site (Tyr-374,
His-377, Ser-519), the N-glycosylation site (Asn-56, 133 and
399) 183l peroxidase activity (GIn-192, His—-196)9] site®} 5719
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haem-binding siteE <1 & = dglom, COX-20 A7 5EHH o=
UE}= substrate binding channels?l Arg-5023} Val-512& 3kl &
T AN (Fig. 10). E3F amino acidE& ©]-&3 phylogentic treeE &
a COX-29< &<l & & U (Fig. 18).

Zt FHAE9 genomic organizations dolx 7] $3] 5° UTR
regions forward® 3}lil 3" UTR regiong reverse® 3} primers
A&sle] BE F7229] genomic DNAC] full sequenceE %1 3}
o 2 A3 rsbMx1# rsbMx2+ 12709 exon® 11709 intronl =
T AT} (Fig. 13). 3FAIYF human MxAT <9 4719 exon
non-coding® o] 17709 exonS 7FA|aL 1o ™ (Tahzi—Ahnini et al,
2000), mouse Mx1l gene= A ®HA exon® non-coding®d 147§
exong 7FA 1l 9t} (Hug et al, 1988). human® mouse®] Mx gene
< A HA exond|A e F714 <l splicing® 23 exon® F7F 57t o}
At 1813 rsbMx13} rsbMx29 intron< 7394 907 bp o, o]
AL 346914 5,659 bp<l 'human MxAX T 2FQkt} (Tahzi-Ahnini et
al, 2000). 1 A3} rsbMx1¥} rsbMx2 gene> Z 33 kbl human
MxARTE of 6.68) A% 2Hhch, ol fFelA Bil¥ Mx genes A EY
mandarin fish Mx gene<: 671¢] exon (B. J. Sun & .P. Nie., 2004),
rock bream Mx13 Mx2 gene>"117]2) exon, Mx3+= 12719 exon
(Zenke K & Kim KH, 2009), pufferfish Mx*= 1270¢] exon (Yap
WH et al, 2003)& 7h= & ©&FT rsblL-87 rblL-82 4749
exon@} 3709] introno® FAEO Ao (Fig. 16), EF7F ofF
g F9] CXC chemokine rsbIL-8¥ rbIL-83 %ol 4719 exons

7FH. 2y, common carp CXC chemokine< 3709 exone 742
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At (Ram Savana et al, 2003). rsbCOX-2+= 10709] exon¥} 97§9]
intron®. 2 FAEHo IR e™  (Fig. 18), human COX-2, zebrafish
COX-2b 183l rainbow trout COX-2a 9A] 10719 exon¥} 97} <]
intron®.2 FA %ot} (Herschman et al, 2003; Ishikawa et al,
2007; Ishikawa & Herschman, 2007).

agal g F9 Mx, IL-8 283 COX-2 gene? amino acide} ¥
Ao A ¥el FAAES] amino acidE H]aul3le] phylogenetic tree®
el ®Hek=dl, 1 A3 rsbMxl gene< European seabass Mx,
gilthead seabream Mx1 Z18]3 barred knifejaw Mx1¥ 7} F-AFsH
2T rsbMx2+i= gilthead seabream Mx2, Mx3, Mx4¢} 7} FAFSE3A
o} (Fig. 17). rsblL-8& black porgy IL-8%-7}¢ fAlstslon
rbIL-8<  rsbIL-83} -7} FARSHIH  (Fig. 21). rsbCOX-2+
longhorn sculpin COX-2b¢} 7} fAelAt}r (Fig. 23). Eok F-2AF

Fa7b NS FES AR el 91 A% % T 42 AA o

e YXaFe Y% ZolE HAT. welA o] phylogenetic trees
of 7o WAFHAAe st QlojA Fagt SJu|E Fold Jow AR
Hroh

E5 el APgAd s F31 A= iridovirus FHA el tigk o
Ak gt =2 Siwicki AKe et-al (1999, 2001) 2] Had

iridovirusel gk  sheatfish®] ~macrophagerespiratory burst <}
leukocayte®] mitogenell #gH A elo] ArE Aol WA Frh whet
A 2 AT iridovirusel Al wWE Ew3 Fw9 iridovirus 7
DA AAREE2] Zpo] S HlwetarA}t sth. Ew ¥ iridovirusell 7

wzsttta BaEar 9tk (OIE, Manual of Diagnostic Tests for
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Aquatic Animals, 2009). s}A R #52 Inouye et al (1992)°] <]3j
iridovirus7b 21502 Eeld ofFolw, vizksitial delA dow tii
of A4y} FiEo] iridovirusel &3] B2 HAPF dojdria B
3l At (Wang et al, 2003; NAKAJIMA K et al, 2001). 3}A|®k
Al g-2luetell A &5 iridovirusel 9@ siwirt @2 957 Lo
Ui AR (Jung and Oh, 2000), FsolA+ iridovirusel] <&k #HA}
7F Al dojux] gkom, AA E AP E challenge A3 20%%
E=o] HARER 100% ARG S50l HlE vl w2 SHARES BT
(Fig. 25). W&t &3 59| iridovirus #el wE WAW-S o] =}
°]& H]il= iridovirus defence mechanismo|a|st=td ZEwo] d FHo]
ot FHARE S AR FE2 1294 FHAxbE dotvA 1598 A A
< HAREo] 20%° 1H I EES TEARYH HAE dojutr] Azt
A 1094 100% #HAAFsklEt (Fig. 25). A E%53 FEe] Wenhge
iridovirus®} poly I:CZE challengedlal 19 3Y 744 samplingdte] L
A3E qRT-PCRste] Ui es 4 BAG. poly IIC HF 1

A rsbMx1% rsbMx2% ZbZF oF 21dj9} 19| AEZ V1Y =2 Fd S
el o rock bream Mx gene 9A] 194 °F 198 A2 714 =
< 2d Fe vekdlth mE3 AF 194 3709 Mx gened A
control¥ Hlulste] AR ORE Fofdt ghs YU AE Ew et
o] Mx gene?] W& zol= fUAk (Fig. 26). o|efst A3+ S. R.
Saint-Jean & S. I. Pérez-Prieto (2006)¢] brown trout poly I:C&
AE A 294 HuAE HAoE Aet {48k, W.D. Eaton et
al, (1990) 9A] rainbow troutdll 4] poly I:C FAF & 24A13F & ghujo]

H2a S Bttt H Y. immuno-stimulant®4 poly 1:Coll

AL

.
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gk A= Al B Aol of ol HTH o Ao} ofF=
AgollA F2 A7 widd &5 FEdo]l gl AAdt=
ool el : o B2 A7 Zasteh ¥ iridovirusE ARG

< A9 rsbMx12 39A oF 88uAHE F7FsElom, rsbMx2 A

2088 A=z AA SRR T 7Aool = A g AL gl &
a AdJ} (Fig. 26). rock bream Mx gene? 4% 344 7px & W
stE HolA vt 7dA ] oF 338 A= FUFEE As &9 & 5 3

2t} (Fig. 26). rock bream Mx gene 9 A] iridovirus challenge A] 7
Ax) Ho 1S YA red sea bream Mx geneeol| B3l 3L
7R BEF e drge gl @ £ QY. fAE Z2dE L

Poisa-Beiro et al. (2007)el-¢sl VNNol| =2 A& Hol=

e

seabass®} = asymptomatic carrier®=4 9%+ seabream AFo] 9]
Mx gene® W& sk BH]WA] seabreamolA] 13004 %= © =4 &3y
=]

Mx gene? ¥ 3o w <& asymptomatic. carrier’dEj7} Hoja

—

B E Ad JA] E=oA E ¥ sachun type iridovirusol
20% =] Fe HALE S =2 394 Mx geneo| &0l 3
A 2E Stk 3 AER ZEelA ridovirus7h AEH A Sttt
(data not shown). mebA E5 2 39| iridovirusell. gk 74 <
z}o]l S Hol:x HE red sea bream-Mx genell &S Hhelo] 3o =

8% factor® AEIt= e 8Ql &4 AAd.  inflamation

(64

o
o,
o

mediate gene®l 1L-8, COX-2 1¥]al IL-1B gene< control¥} H|ulo|
A BNk oyl F5 3 e HlueE fFosh Hds &2l 3 4 gl
Ao (Fig. 27). Ray CA et al (1992) YAlcowpoxviruse IL-18

converting enzyme= JAg= FAATE o] virus7t ES5HHSS o
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Asera Bk 28y M. K. Purcell et al. (2004)0] ¢]&tH
ofo] ITHNVE challenge 3}%1& w 3U Aol IL-1B89} IL-8 gene
o] "walo] I A ZFvlettls Bt 34 L. Poisa-Beiro et al. (2007)

A 7N &

o 23t VNN sea bass? inflammatory cytokine?] &S F71A|

Aths ¥ A Avbshs 2 A2 molugth. oldd ANEL ofF

—_

9] virus A W ASHEES] Z}ol= virusoll €3k zpolgtar A ZtE
o)A, iridovirusi= S-S A F=5 4 ). ol A
T < olsfste=dl =

A= iridovirus #HEell thek of 7o el 7] =t
d oW, &% iridovirus®] A ZHolut o

249 AT ARE AEE Ao ArEh

o
r2
4
ob
i
=
N

o]

o
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V. & ¢oF

53 E5oA iridovirus 9 Al pro-inflammation gene<! 1IL-183
9 IL-1B° 93] %%+ chemokine?l IL-8 18|31 COX-2 gened}
interferond] 93] X%+ Mx gene? @&l zto]E gRT-PCRY
A FS o]gste] vlaste] Bgltom, ofA ¢dr|xdoe] A HA &
& 9 Mx, IL-8 18]3l COX-2 gene¥ E%9] IL-8 gened| full
sequences wA3F3lth. rsbMx1, rsbMx2, rsbIL-8 rbIL-8 1&]a1
rsbhCOX-2 gene®| cDNA®] HA f|7|4E> 2t 2381 bp, 2806 bp,
865 bp, 888bp 1L 2528bp °]™, rsbMxl1¥ rsbMx2 gene<
114bp9] 5° UTR, 1881 bpe ORF 1¥]al 126 bpe} 3° UTR, 1914bp
9] ORF zz28]aL 766 bpel UTR&E FA Ao Qe 12709 exond}
11719 introno= FA = oIAAT}. rsblL-8 3} rbIL.-8 gene 188 bp
9] 5 UTR, 298 bpel ORF Zrglal 379 bpe 3° UTR¥ 203 bpel 5
UTR, 312 bp ORF Z128]3l 373 bpe 3 UTR=Z FA o] dew, 47]
9l exon¥} 3709 tintronl.® FAAEAJNT. rshCOX-2 gened 92
bpe] 5 UTR, 1827 bp2 ORF- 12|31l 609 bpe 3 . UTRZ A%
gom 10709 exon¥ 9SG} intronS Z AT AT EEIH
iridovirus #&eol W& W7ojel F7o]9 immune gened WdS <&
olr 7| 9&l F=E3} =59 iridovirus®t immuno stimulant?l poly I:CZ
challengedtir 149, 39, 794 immune gene® &S Hlwale] B
o a2 A3 FEFd EFA poly IICE FAEIAS A

T 194
rsbMx1, rsbMx2 Z12]3l rockbream Mx gene©] Z}Z} ¢F 21.

5, 19.8

\e}
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Zelal 19 F7kste], o o FESF BlEAl F7Fsklvh Wk
iridovirusE challenge 3l% S W& 3Y9A rsbMx1¢ rsbMx2 gene<
HuAE HPom zZ}z}F oF 88, 208¥) =718t 2™, rockbream Mx
gene 79A °f 33wjF7IeE S &l & 5 A}d. AN IL-8,
COX-2 18aL IL-1B gene®] L&A =<l & 4= I} o3 ofF
HAFHA E47) iridovirus Aol digk WFdx Bd B4 &
5 iridovirus® A ZmHolut oS ATtk 724 A ARE

AgE qew ARH,
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