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Expression of immune genes in rock bream(Oplegnathus fasciatus) by

immunostimulants and iridovirus infection

Ju-Heon Kim

Department of Aquatic life medicine, Graduate School,

Pukyong National University

Abstract

Iridovirus is 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. The type I
interferon (IFN) system is one of the most important mechanisms for antiviral
defense. In the type I IFN response, many IEN-related proteins are induced for
establishing an antiviral state. Mx proteins have been shown to inhibit virus
replication. Interleukin—1BIL-1B) is a major mediator of inflammation and
stimulates and enhances the-. expression-—of several genes that are
characteristically expressed “during mnflammation: Increased IL-13 has been
attributed to the induction of novel Cyclooxygenase (Cox) isoform (Cox-2),
distinct from the well characterized consititutive activity (Cox-1) and playing
an important role in immune regulation. Cox-2 gene is induced by various
inflammatory signals, including cytokines, growth factors, and
lipopolysaccharide. Fish have a body temperature that is essentially the
temperature of the surrounding water so that their entire physiology, including
immune functions, is influenced by environmental temperature. We have

studied two important innate immune genes, Mx gene and Cox-2 gene, were



cloned and sequence in rock bream. Expression of those two genes were
analyzed in vivo condition stimulating with LPS and poly I:C .The effect of
iridovirus infection on the expression of immune genes, IL-13, Mx and Cox-2
genes, in rock bream in laboratory were analyzed.

Studies in rock bream immune response after iridovirus and poly I:C injection
at 18C when compared to those responses at 25 C. When rock bream was
injected with LPS and poly I:C intraperitoneally, the peak level of expressed
immune genes in head kidney cells and Liver cell was appeared at 1 day post
injection. Moreover the levels of immune genes in rock bream infected with
iridovirus was higher than that of non-infected rockbream, negative control.
The iridovirus infected group had only small elevation in“the expression of
immune genes on day 1 and up-regulated -3 days post ‘infection, and decreased
thereafter. The susceptibility of fish to disease is partly, dependent on their
environment, in particular on water temperature. The pathological situation in
fish depends both on temperature dependent immune system regulation and on

pathogen growth. Lower water temperature caused a later increased level

of Mx gene which peaked on 7 days post infection of iridovirus.



olFE HFEEE FHFEEY nEg wdd HFFE Alold 93
gheh. o4 9 (macrophage) 9k #+# W@ ol o g @A 2g 9 e FR T

2006; Miodrag Belosevic et al., 2005).

AHHAZE A E dl A vie]ej 27t A8k AS i, ozt A=
i A] Aol A w=2A FAEE mS 8% WA A Y. BE FH
5 5

2o AHMES A4Gn 22 TS

nlo
a4 o R-EA 9d) A=S whs wink A HA R vl 29 F
< A 9H Z3goQIHAEE AYEFeSZ 8 AU EAlsE
cytokine®] dFolw w@HAE B BYIpollA Lt AEFHZo] AFobAl
YooM= wWERIEHHZo], T oo Auldgs o] o xaL o]
S AR OE 294 44 3 A4S AL v vleoly
gk A HAES] ufole s 28-S QIEHEo] A Q= <Y
H2 FgAo AFEW 25-oligo(A) synthetase, protein kinase, Mx
protein o] A ¥ o] AEUolA nlojejze] FARA T nlolg{ 2 RNA
= &asiAu d@mde FqAde JAFemA Futoly s ZES Wi

(Stephanie Johanna DeWitte-Orr, 2006; Borre Robertsen, 2006). H38k ¢l



B2 Wogzxd zgox MHC class 18] &HdS SHAFHOZA AXE
=4 TAEE stoda #9d AxE A7) s838 935 stal 9
ok olFolA Mx gene & EFFE X8l o]FolA AHSFS=ZE perch
(Perca fluviatilis L) A ZAH5Ja, F£d7 BE A4S =34
rainbow trout (Oncorhynchus mykiss) , Atlantic salmon (Salmo salar
L.), Atlantic halibut (Hippoglossus hippoglossus L.) , Japanese flounder
(Paralichthys olivaceus) , fugu (Takifugu rubripes), gilthead sea bream
(Sparus aurata), channel catfish (Uctalurus punctatus), orange-spotted
grouper (Epinephelus coioides).s %2 o5l -cloning o] 542 &
ol & 4= AT (Y.C. Wu, S.C. Chi,,2007). &= @ Ao|A Mx proteine
hirame rhadovirus ¢} viral hemorrhagie-septicemia 2] H#E < A st} =
o+ (Larsen R,Rokens TP et al,2004)<} Atlantic salmon®] A 'Mx isoform
% Mx1< infectious pancreatic necrosis virus(IPN)9| EA|= oA g &=
UTHE A7 YE7F Bl EAL U

Cox enzymedl & 2714 &7 T84 7F EAsk= Aol &#HA 2447
Cox-1, Cox-2 HW+=.PGH synthase-1, PGH synthase-2 2z} Ed
Cox-1 gene2 A% AN A SHPINE 5 e Fo I
WA A AR O 2 (constitutive) = A5t  Housekeeping gene©] A 7t
Cox-2 gened AA<  AHoAME wdE=x  gau  AFAF
cytokine(IL-1), Growth factors &< Aol <]s}o](induced) @5 =4,
Synoviocyte, Macrophage & olA &%+ immediate early geneo|th. 2
A2 Cox-2 & monocytes®}t fibroblasts?2 574 AXF3F A growth
factor, cytokines 123l endotoxine¥ -2 inflammation mediators ol
oA Aol FrEE Aow HuxE ¢vt (F. Buonocore et al,

2005). #H<* rainbow trout 2H(Zou et al., 1999), brook trout (Roberts et



al., 2000), zebrafish (Grosser et al, 2002) 5 2 % o]FolA Cox-1,
Cox-2 gene ©| szlty. @Al oAguet o fFAtololA  RIWEHA
iridovirus® QI3+ FdAdHol & AL, oA =7l FA sfako] et
e ol el B2 AAA EdS wAATIA A 59
iridovirust= 3t=r2] 2] o] 72l rock bream (Oplegnathus fasciatus) ° %)
gk el g Yela A= AAolth oy ol Fol A iridovirusell thgh A

7 Ao ofelAn JAW EAAA Amwel @A F 9l

s

vaccine 7ol @A o] Foj A il vk &34 <l vaccine 7S 9@l A
T virus v oly e} virusoll thgk oA wE-37hx At E o ofgtt}, FhA| vk
iridovirusell 7Hg- W3 ofF=2 48 59 WAgws A= oy B
=3k A Aot} o]o E AForE EEolA Mx gene = cloningdtal Ab
ol EFIRIY [ Tt FFUMAT HlZH WA Bl FAGgE 54
cyclooxygenase-2 (Cox=2) %1 A2l cDNA ¢} genomic DNA sequences
;=59 iridovirusE challenge 3 & Mx
| Al o] DA W slsEEA] A 8o

5o A e FEE /1B A4S Fuaug sart
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o Az = ¥4

1. A3 o]

Q@A Aol ZAZF vElbA] e A% 100~200g HE A =
= (Oplegnathus  fasciatus) MAES TUste], AFAe] 2ton FZo|

FE&otaL, 7ARF 25T s A AR FH Aol AFEsAt

2. ©d A¥E Y FH

A&l ojo A head kidney &S =89 100xg/mle penicillin, 100
L.U./ml9 streptomycin®] #7F8 27k L-15 medium (Sigma-Aldrich)oll
@G F EvE nylon meshs ©] &3t ©d Ax= JESIT. dEg A
2 5000 rpmellAl 2&3F ¥4 FElete] Hank’s balanced salt solution
(HBSS, Sigma-Aldrich) & 2 AA 3k b5 HFA 02 1L-15 wjAe 44

s A

3. 99 FAA29 cloning

3. 1. Total RNA #73
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TRIzol 50005 % 7}38Fe] pipettingdt & A-2oA] 583 HFEAZ T 1
< chloroform (Sigma-Aldrich) 10005 #7138k invertingsAl 2 2ol A
1023 dEgAI AT, ¥Hgo] £y 4T, 12,000go A 153F 94 &&lsh

Ei

., A5 9SS A microtube®  2ZTH 7] ASdy =

=

Isopropanol (Sigma-Aldrich)S % 7}3le]  inverting3dt & 2204 10¥7+
FEEAZTE 1wk F 47T, 12,000g914 10487 94 RElstd e de
A ASEIL 70% ethanolS F7Fste] 4T, 7500g0]A] 5&3F 44 #2819
Fedes AASFAT. 1 HHAELS 108 dRdA Ad Ax

Nuclease-free water (Hyclone)2 #AE3t % A8 H7kA] 70T A B

St
3. 2. RT-PCR

PCR tube ° reverse transcriptase 0.5¢0 , buffer 2ul , ANTP 2u0
,Oligo(dt) primer 1xl , total RNA lpg = Y il total volum ©] 10xl ©]
%) Al Nuclease-free water= 3 7}3F & 42Tl A-60% ,99Col A 587+ vk
< A A A7)A4 W=l cDNAT PCR WF&ol A template & AFE3F
t}. PCR amplication Perkin-Elmer 2400 thermal cyclerE AF&3}]aL
obgfo} Ze Woz AAsgth 10 mM Tris-HCL pH 8.3, 50 mM
KCl, 1.5 mM MgCly, 0.001 % w/v gelatin, 0.5 % Tween-20, 200 uM of
each dNTP, 1 uM 2z} Z} primer, 10 cDNA #7}3 3 | distilled water
Abg-tel & volume©] 20 pl 7} HA AT
o] &gt 95 TolA 387+ pre-denaturation A 7131, 95C , 30% , 55C
30 =, 72T 30 %, 30 cycle &¢F Wb-& 3}H a1, wpx]9t o 272C for 7 i

(extension period) 4 3l¢lth. PCR A EES 1% agarose gel Aol A



471952 AAse] Bsar,

3. 3. Gel elution

PCR AAES GENEALL™ Plasmid DNA Preparation Kit (General
biosystems)E Ab-&3te] AASAT. WA HAridFoz delw bandE
Cutting 3to] Al micro tube®l %% %, GB buffer 300 E *7Fste] 50T
o] 4 10E-7F WF$-3lo] gelS ATt gele] 93] tf oW I mixtureE
collection tubed] E9°}-9Q+ spin columnol 4 th -2 ¥, 12,000 rpmell A
1#7F 94 Bg8E 3, columne 33k oS A3 columnyt
collection tubee] ¥t} WAl L columnol NW buffer 70005 3 7}3k
< 12,000 rpmel Al 303 H4A £ E Skl columne F gk of I

]

~

AASE column®t collection tubeollp ¥ AT 12,000 rpmell 4] 2737 <

ul

2= 3 5 column® A micro tubed] %! & EB buffer 30uE 4

2

187 vk A AT 25 12,000 rpmoll A 1827 94 228 &1L columne
AASGEY. 83 cloningS 371 8 AASDNAE A& A7x -2
0CelA BT

3. 4. Cloning

A DNAE TOPO-TA Cloning® Kit (Invitrogen Co., Carlsbad, CA,
USA)E A}83t9] cloningslsith. 94 AAs DNA 4ulE Al micro tube
o] &7 T, salt solution 1x0, distilled water 40, TOPO® vector 1uZ
HA7tsle] Aol A 303 WESAIH T 1 FHel competent cell (E. coli

DH5a-T1® OR) 50uE #H 7}t iced Al 30%7F wH&-A1 731, 42°C ol A 40



—_—

%%t heat-shocks Tl heat-shock®] #uil FA] iceollA 2~383t
A7 SOC vl A 500E F7Fske] 37TCol Al 903t & vj YA AT
kel e PTG , X-Gal 40ug/ml, ampicillin 50pg/mée] 718 LB plateol
Eske] 24A17F vl Th. 123l blue®t white colonies”} AEhi= RS
etk vl blue/white colonies oA  white colonyE 3l
ampicillin 50xg/meo] H7FE LB brotholl H=3F % 37ColA 24A7F S<t
wj k3t tl. plasmidE GENEALL™ Plasmid DNA Preparation Kit
(General biosystems)& AH&3ste] tha3 2& AFAFo= sttt m
S A micro tube°l] 7] 4T, 12,000 rpmolAl 10E7F 944 B& &

o wiA AES A AT o pelletol S1 buffer 250ulS H7}ste] &
Aok 1 5, S2 buffer 260uS A 7k3ke] invertingshol &3t
] S3 buffer 35005  H7Fst4  invertingst$ith o] & AS 4T,

2,000 rpmell A 1023 DA E8skaL 1 45 A<S collection tubedl 91

£

o
Sy

A

0

A

40
I

N
>

—_

= spin columno] %7 ¥ 30%7F 12000 rpmolA LA E sk

facs

columns E3}3 of 3ol AASI column? collection tubedll ¥o] PW

buffer 700025 A 7FaFSith. 12,000 rpmoll Al 30F7F A 28] 38te] column

< T AFHE A ASEAL column¥ collection tubeo] H-2 F ThA|

12,000 rpmell A 283 A4 £ E sto] E2 de &4xs] AAs A 2

5, column%t A} micro tubeo] %73 EB buffer 30ulS #7}sto] 153F

WAl 71 ) 12,000 rpmell A 183F 94 #2838 columns A ASFA T
=

a3 2 3 plasmid DNAE 7|4 €S 48k d ARSIt



4, A F A4 complete ORF 2%

4. 1. Degenerated Primer A%

GenBankell SE% 9%+ Siniperca chuatsi (AY392097), Lates
calcarifer (AY821518) Sparus aurata (AF491302) Mx gene 2] cDNA
sequence = Al& W]l conserved 3k regions 2rol degenerated
primer (Mx F , Mx R)& A&3A 3, Cox-2 gene <= Oncorhynchus
mykiss  (AJ238307),  Salvelinus  fontinalis (AF158373) 1¥]aL
Micropogonias -undulatus (AB292357) 9] Cox—2 cDNA sequence & H]
al3te] 379 o Fol A YEFYE conserved: 3 region2 2o}l degenerated
primer (Cox F , Cox R) = A|#38le], =52 head kidney cellol A &
3l RNAZ  template® AF&3Fe] RT-RCR ©f At&3 At} (Figure 1,
Table 1).



Siniperca chuatsi
Lates calcarifer
Sparus aurata

Siniperca chuatsi
Lates calcarifer
Sparus aurata

Siniperca chuatsi
Lates calcarifer
Sparus aurata

Siniperca chuatsi

Lates calcarifer
Sparus aurata

Siniperca chuat si

Lates calcarifer
Sparus aurata

Siniperca chuatsi
Lates calcarifer
Sparus aurata

atgaacactctgaaccagcagt atgaggagaaggtgcgtccctgeattgacctcat tgac
........ o2 PSP -
............................................... C.oo....C

..... o o o PR -
.................... a....0.........0.......C............C
—p MxF
gaccaaagctcggggaagagct ccgfgctggaggcgcet gt cagggatggctctgecaaga
...................... S
.............. a. 0

gaggagtggtacggaaagat aagetaccagaaccatgaggaagagatagaagaccc tgca
................. S .. . DU . NCN . .. . W . J..1.. .. .0
........... TR . . D MNC . . . J Mmeed. Jc.....C..

Figure. 1. Continued
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Siniperca chuatsi

Lates calcarifer
Sparus aurata

Siniperca chuatsi
Lates calcarifer
Sparus aurata

Siniperca chuatsi

Lates calcarifer
Sparus aurata

Siniperca chuatsi
Lates calcarifer
Sparus aurata

Siniperca chuatsi

Lates calcarifer
Sparus aurata

Siniperca chuatsi
Lates calcarifer

Sparus aurata

agtgat gacctcatcagtctggagatcggetctecctggtgtt ccagacct gacactcat t 420

. 480

720

Figure. 1. Continued
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=P Cox—2 F

Micropogonias undulatus cagggcaccagcctgat gttcgeat tettcgcacaacatttchceccaccagtt cttcaaal 600
Salvelinus fontinalis ..... tt...at..c.....Coeeen i G0 C e 600
Oncorhynchus mykiss ..... tt...at..c.....CovvnnnClg Co b 600

Micropogonias undulatus |tficcgacatgaagaatggacctgct tttacget atctaagggt cacggggt ggatctcage 660

Salvel inus fontinalis Ltaasaoansan c..caa.g.ctt...c..t..c.....ct.a.a. 660

Oncorhynchus mykiss Ltetooiansan., c..caa.g.ctt...c..t..c.....ct.a.a. 660

Micropogaias undulatus cacatttatggtgacaatctggaaaggcaacacaage ttcgactct tcaaggat ggcaag 720

Salwelinus fontinalis _tg.......a....0......0..2..0.......502.0..0c0vvvrrrrnnn a 720
Oncorhynchus mykiss ..tg...c...a....C......0..a..0........00.0.%Q. «.ooovvrvnnn. a 720

Micropogaias undulatus cctgattctttecagattgaggagaaaga ttacaget ataageagt ttgttttcaacace 1200

Salvelinus fontinalis ..... ca.C...agC........ CEGIMEER. . "Chv.ccoc. ). .Y g.%.... a. 1200

Oncorhynchus mykiss — .... aa.c...agc........ ccge.cc....c...cccC........C... .. ..a. 1200

Micropogonias undulatus tctgtagtgactgagcatggeatcagcaacct cgtcgagt cgttttccaagcaagttget 1260

Salvelinus fontinalis~ ..cc.g..¢.wa.....C.......Ca.....0..9.....C..ca....,..0a..... 1260

Oncorhynchus ‘mykiss /..cc.g..c..a.....C.......a......0..0...C..ca........ a.c... 1260

Micropogonias undulatus ggacgggttgctggt ggccgaaatgtcccgggacctatcttgecatgtggecattaagt e 1320

Salvelinus fontinalis ...a....g........a..¢..cc.g..tcctg.ac.ag..gcc.....agc....g.. 1320

Oncorhynchus mykiss ...a....Q........ a..g..cc.g..tectg. ac.ag..gce..... ag....g.. 1320

Micropogonias undu latus attgaagacagccgcaaaa tgcgetackagtccctgaacgectacagpaaacgattctee 130

Salwlinus fontinalis c.g..gc..... a.ag.c.....t...}....... [ .....C...aa. 1380
Oncorhynchus mykiss ¢.g..gc.....a.ag.c.....t...}....... o c...aa. 1380
<4 Cox2R

Figure. 1. Design of degenerated primer from Mx gene and Cox—2

gene sequences.
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4. 2. RACE-PCR

[ R=]

25
==
=

hoss
rlr
2

FirstChoice RLM-RACE Kit(Ambion) & cDNA<¢ <11 7]
ANgE olg3ste] ¢cDNAY full-length 5'-3 3~ endsE e A 9]
Mx, Cox-2 gene?] €433 cDNA G7IMES ZAAs7] Yl A&

WL

o

i

M total RNAS] 5] phosphatesE calf intestinal phosphatase (CIP)=
A AAZ FH, 5 cap structureE A AS7] $38] tobacco acid
pyrophosphatase (TAP)E Agld]l Fth. T4 RNA ligaseZ 5 endol
GeneRacer™ RNA Oligo2 ligasedlt}. ligated RNAX Random Decamer
2 9AAE AT 5 endi= 5 RACE outer primer®t RACE 5 Mx R |
RACE 5' Cox R#Z first PCRS 3t %, 5 RACE inner primer®t RACE
5' Mx R (nested), RACE 5' Cox R(nested) = nested PCRS 3}t}. 3
end= RACE 3' Mx F , RACE 3" Cox F ¢ 3' RACE outer primer=
first PCR< 3 H, RACE 3' Mx F(nested) RACE 3' Cox F(nested)
2} 3" RACE inner primer&® nested PCRS 433 t}. RACE-PCR<S
T3 3ol 92 products= Plasmid DNA“ Preparation Kit= gel
elution & 3 5, TOPO-TA Cloning™ KitZ cloningdle] 22 white
colonyES  ampicillin 50xg/mlo] %7€ LB brotholl vj3l & o] njoked
o Al plasmid & 73t sequencingdldth. A& 3F primer: Table 1.

of thebi At

4. 3. Real time PCR

Real time PCR& 3dt7] $18141 10Xbuffer 240 dNTP 240, 7+7}+e]

specific prime , Hot start Tag ¥ <A @43 cDNA 1409} EvaG reen 1

_12_



w7 AbgE i, YA Nuclease-free water & ©]-83F9] total volume

20ut ©- = Real time PCRE AAISFAE RCR &2 95TColA 10+
pre-denaturation A%l %, 95TCeol|A] 10% denaturation 55ColA 15%
annealing, 72ColA 20% extension®] HE-&S  40cycle <33} ST}
4A0cycle ©] €% & Delta Delta CT Relative Quantitation S ©] &3}
B-actin®ll £ immune gene 9 Fth¥ W& & Bzt T

PCR o] € % 7} 29 mRNA®S] A4 ddHv] = delta delta Cr
W ol Abgsto] ALtstdth olE =W HE(PBS) o thE Virus
A5E & AP Y Mxgene Tl HFs AAer <8 v 22 AS
o] & AT 2vx P 2 52 etin T practn o)) A7) A ACT &
threshold cycle®] z}o]E 2 u}stt}, AFE-3t primere Table 1. °l

L ERU AT

_13_



5. 99 7 A2 Genomic organization +4

5. 1. Total genomic DNA &g

=59 genomic DNAE AccuprepR Genomic DNA Extraction Kit
(Bioneer)& Al-&3ste] |ttt WA =359 spleens wEldte] ¢F 50mg
AEz ZA A& 3 A micro tubed] ¥l 200109 L buffers ¥ ts
proteinase K 20plE F il 4o+ 5 56°ColAl 1A WESA| A TE % 2] o]
A3 lysisH . v B buffer 200ul=S A7FsiA 2 4o T3 60T A
102 7F vk& Al AT bk&o] Zvd micro tubedl isopropanol 100E 4 a2
vortex$t H binding column tube®] %] 1%t 8000 rpmollA U4 2]
3 oyl & A A3t W1 buffer 5000 S ¥o] 187 8000 rpmel A 94
weEd F oAFgA L AART. o7l W2 buffers 500x6 3 7Fsti 1%
2ol A4l st RS AAT FH HA| 2873 A4 FEE sk
binding column tubeZ A micro tubed] ¥ i EL buffer 2000 E # 7}3}
o] 1&37F Aol A-1Als H.8000 rpmoll Al 123 4] #2139 elution
A ARE A7EA] -20TC ol A B A ST

oto| A #2]3 EE9 genomic DNAE template® 3l =% Mx
,Cox-2 cDNA sequenceZ 7]% = 3d}o] A 2F3t primers(Table 1) & AF&
sto] PCR& AAletAH
PCR €& 92 PCR tubedl 10mM Tris-HCI, pH 8.3, 50mM KCI, 1.5mM

_14_



MgCl2, 0.0001% w/v gelatin, 0.5% Tween-20, 200uM¢] Z+7+¢] dANTP, 1
uMe] Z+zre] forward®t reverse primer, 1.25U Tag DNA polymerase
(Genecraft) % 10ng®] genomic DNAZE template® F7}3F % sterile
distilled water® % volume©°] 207} ¥ Al 3+ o}

PCR &3%92 Perkin-Elmer 2400 thermal cycler (Perkin-Elmer,
Norwalk, CT, USA)E AF-&3}e], 94T A 387t pre-denaturation?] 21 &,
94ColA 30% denaturation, 55CeolA 30% annealing, 72CeolA 30%
extension®] ¥F$& 1 cycle® 39, 30 cycles WHS-A|ATh 1831 72Tl

A TE7F post-extension timeS F 3T
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Table 1 . Primers used for the expression of immune genes

Gene Primer Oligonucleotide sequence (5'—3') objects
MxF GCTGGAGGCGCTGTCAGG
M MxR CTTCAGGAGGTGGATGACCTC
CoxF ACCCACCAGTTCTTCAAATC CDNA cloning
Coxz CoxR CTGTAGGCGTTGAGGGACTG
3 Mix first primer GTTCCAGACCTGACGCTCATTGACCTGTCCG
3 Mx nested primer CCATCAGCTTGGTGGTTGTTCCATGCAACG
M 5 Mix first primer GGACAATTTCAACCACCGTCTCTTCTGTGCC
5" Mx nested primer GTCACAATGCCACTTCCTCTTGGCAGAGCC
For RACE PCR
3 Cox-2 first primer GGCTCTTCCAGAC CTCACGGCTCATTCTG
3" Cox-2 nested primer GTCCCAGGACCTATCATGTACGTGGCCATC
Cox2 5 Cox-2 first primer GAAGTGATATCCGCTCAGGTGCTGCACGTAG
5 Cox-2 nested primer  GAAGCGGTGAGAGTCAGGAACATGAGGAGG
CoxF ACCCACCAGTTCTTCAAATC
RBCoxR TTGGTGAACGACTCCACAAG
GenomicCox 1F GTACTGGAAGCCCAGCACAT
Cox-2 GenomicCox 1R AGATCTCTGTGGTGCACTGG For genomic DNA PCR
RBCoxF GTCCGAGTTCAACACCCTGT
Mo vicch 2 CAAGCCAATACACAGCCTCA
. RBp-actin F CAGGGAGAAGATGACCCAGA
B-actin RBB-actin R ACCGGAGTCCATGACGATAC
1L18 RBIL-18F ATCTGGAGACGGTGGACAAC
RBIL-1BR GCTGATGTACCAGTCGCTGA
RBMxF GAGGCTGATCCAGA AGTTCATC Frogfieal time PCR
M RBMxR GATCAGGCTTGGTCAAGATACC
Cox2 RBCoxF GTCCGAGTTCAACACCCTGT
RBCoxR TIGGTGAAC GACTCCACAAG
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6. Immune genes ¢ T3 4

I~

2

6.1, =AY TAF B

-

PBS(0.1ml) ¢} Polyinosinic—polycytidylic acidsodium salt, y-irradiated
(Poly IL:C, Sigma-Aldrich) 500ug/fish , E. coli, serotype 0127:B&<]
lipopolysaccharide (LPS, Sigma-Aldric) 100ug/fish & &7+ FA}ste] 24h
%of liver, spleen , head kidney ZZS &#]3lo] %2 -S homogenation
St total RNAE #glsle], ko= drx: ¢ A &3t specific primer=
RT-PCRE Al &@3te] Cox-2 gene , Mx gene? 2dS A5t =3
housekeeping %A} Z %« B-actin geneo] w3 WAL, EA3T)
RT-PCR & 95917 cDNAE ©] 839 real time PCRS 43l control
group ©° thalA experiment groupol] ek ®d FS delta delta Ct WH

= ol &M =4
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7. Virus g ©& Hguk$

7. 1. Iridovirus & Z4gd o

ok

FRgw e

E %o sachun type iridovirus 100pg/fishs &7 FAFste] 1Y, 39, 74
Lo liverg w8lstil, PBSE FASH A E59 liver® g7 &8 s
At 2% S homogenation 3 F total RNAS &5t AFgow drE
S A #ek specific primerZ RT-PCRSA}8islo] IL-18, Cox—-2 gene ,
Mx gene?] Wd& FAekrt. 183l Kosuke Zenke et al., 2008 4-<}
AE Mx 1, 3 primer 2 A&t virus 79 ol 93 Mx 1, 2, 3 gene
o] Wy FS Halsth. 3 house keeping A AFEA B-actin gene®l
ggt wHE ®Astgth RT-PCR 2 #5947 cDNAE o] &34 real
time PCRE A &3l control group ol Bi8}A] experiment group ° tj3gh

e 25 delta delta Ct "R S o] &34 &4 35t}

ol

7. 2. Nodavirus9 Zgd dis 9 F@ax 2d

r

Nodavirus®ll 7 ® STAo9o HZHE Eg F VNN € oA43=F 10

_1_:,]~
g~15g¥ = Ew° 1lmg/fish & E7 FA}ste] 3¢ Brain ¥ Head

o

kidney & %23ttt Total RNAE w2lstal, dFo=z wiE & A 23t
specific primer® RT-PCRE& Al &3te] IL-18, Cox-2 gene , Mx gene$]
e S At 3 house keeping A A2 % B-actin genedl o 3
FAdx BAsdth. RT-PCR & W&ozl cDNAE ©]83to] real time

PCRS # g3l control group o thalA]l experiment group o3 Wdl =S
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delta delta Ct WS o] &34 E43A

8. 2%} &

ot

9 Agugd MAE 9F £4

8. 1. 18T ¢ 25T A ¢ HHRLE

oAAF 50~70g &= =55 FASH7] Aol 18T ¢F 25T =& 7 oA
273 =AAHY. £ H =5%S PBS(0.Imb), poly L:C(500ug/fish)
Uo7 3 1,78 7 € AydH Z

=
gt 249 liver 2FE Trizol H<

—

iridovirus(100ug/fish) group <

il
M

group®l A 2vtE] ¥ liver
o]-§3to] Total RNAE /+2lstal, Aoz BrE 5 A% specific
primer® RT-PCR& Aldlsle] IL-1B, Cox—2 gene , Mx gene ¢ W3S
A AT S house keeping -+ A A=A B-actin geneol] tidh HH =
A8tk RT-PCR & TE0o1% cDNAE ©] 8319 real time PCRS 4
€3] control group °l W34 experiment groupol tHaL 3 S delta

delta Ct WHS o] &34 A5t}
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m. 23

1. cDNA cloning ¥ 97|A<¥E &4

=% TAlelA total RNA F%E3}o] reverse transcription 3%k ¥
Siniperca chuatsi (AY392097), Lates calcarifer (AY821518) Sparus
aurata(AF491302) , Paralichthys olivaceus (AB110446)2] Mx gene
sequence= W] L3f A A28k degenerated primer (MxF, MxR) & A}-&3}
o] PCR 3 23 559bp9) productE 2S5 4= ATl o] productE gel A
o Melution 3 TS TOPO-TA vectorel cloning 3+ & 4714 49S 4
Attt Cox gene & Oncorhynchus mykiss (AJ238307), Salvelinus
fontinalis (AF158373), Micropogonias undulatus (AB292357)
cyclooxygenase gene 2]' eDNA sequence & A|= W] 18}  degenerated
primerE Ab-g3dte] PCR AA-A3 891bpel productE eld 4= At}
(Fig. 2). 9711 &2 Mxygened} 72 Wy o=z 32lstdt). ¢cDNAS 53
3 endE 3 =% Mx gene? Cox-2 gene 9 €43 cDNA 97|14 49&
2471 f1sl RACE-PCR& AA&etdtt (Fig. 3). RACE-PCR& 33t
o AL productEZ gel AolAl elutione 3 thS TOPO-TA vectorel
cloning 3+ & d7IMES AASAT 3'RACE 3+ 23y A& partial
sequence = NCBI °] S%3t3th. (Accession number FJ155359 @ Mx
protein , FJ155356 : Cox-2 gene) L8]3 degenerated primers®} L
RT-PCRZ &A% prodcut, RACE-PCR9| A}€% primers®} RACE-PCR
of ol&f A& productsE Fig. 4-5. o =233tk 1 Ax <l ®© Mx

gene ¥ Cox-2 gene 9] Z A sequenceE Figure 6-7 o YERU AT
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1kbp—»
500bp —>

Fig. 2. Agarose ‘gel electrophoresis' of products: obtained by set of
degenerated primer (Mx~gene ! Mx F , MX R~ Cox-2 gene: Cox—2F,
Cox—2R) designed against conserved region. Lane 1. Cox-2 gene ;

lane 2. Mx gene.
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Mx gene RACE-PCR Cox-2 gene RACE-PCR
! ! ! !

M 12 3 4 56 7 8M

1kbp—>
500bp—>

L —
L S—
N
=4

Fig. 3. RACE-PCR with wvarious specific designed from the partially
determined ¢DNA sequences of Mx and Cox-2 gene. Lane 1, 3‘end Mx
gene first PCR product(3'RACE Outer Primer, RACE 3'MxF); lane 2,
3'end Mx gene- nested PCR product(3'RACE _Inner Primer, RACE
3'MxF(nested)); lane "3, 5'¢nd Mx gene first PCR product(5'RACE
Outer Primer, RACE 5'MxR); lane 4, 5'end Mx gene nested PCR
product(5'RACE Inner Primer, RACE 5'MxR(nested)); lane 5, 3‘end
Cox-2 gene first PCR product(3'‘RACE Outer Primer, RACE 3'CoxF);
lane 6, 3'end Cox-2 gene nested PCR product(3'RACE Inner Primer,
RACE 3'CoxF(nested)); lane 7, 5'end Cox-2 gene first PCR
product(5'RACE Outer Primer, RACE 5'CoxR); lane 8, 5'end Cox-2
gene nested PCR product(5'RACE Inner Primer, RACE 5'Cox-2
R(nested)) .
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5'- untranslated region(102bp) Open reading frame (1881bp) 3'- untranslated region(379bp)

r w "0 1
Mx F
—_—
=
N MxR |
5" RACE inner primer y 559bp L
P— )
525bp Py .3‘Race MxF(nested) )
5'Race MxR(nested) i 1762bp 4—'

3" RACE imer primer

Mx gene cDNA, 2362bp

0 100 200 300 400 500 600 700 "800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 210022002300 2400

Fig. 4. A schematic illustration of the Mx cDNA cloning 4in rock bream
with position of*the primers used in PCR and RACE- PCR (gray
regions : UTR)
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5°- untranslated region(136bp) Open reading frame (1827bp) 3 untranslated region(729bp)

Cox2 F
—_—
—
N Cox-2 R
5'RACE inner primer y 291 b h
—— P —_
3'Race Cox-2 F(nested)
630bp « ; |
5'Race Cox-2R(nested) 1272bp «—

3" RACE inner primer

Cox-2 gene cDNA, 2556bp

0 100 200 300 400 500 600.-700 800 900 1000 1100 1200 1300 1400 1500. 16001700 1800 19002000 21002200 2300 2400 2500 2600

Fig. 5. A schematic illustration of the Cox-2 cDNA cloning in rock
bream with position of the primers used in PCR and RACE- PCR

(gray regions": UTR)
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ARACAAAACGCTGAAGTACCCGCAGTTTGGATCTGTGCTACTGCAGACAGAGCTCAT TTCACTATTCCTTTTTTTCTTTA 80
ARACAGAGAAGAAGTCTTCATCATGAACACTCTGAATCAAGAGTATGAGGAGAAAGTGOGTCCCTGCATTGACCTCATTG 160
MNTLNQOQYEEKVRPCI DL
ACTCTCTTOGCTCTCTGGATGTAGAGAAGGACTTGGCTCTGOCTGCTATCGCCATGATTGGAGACCARAGCTOGAGGAAG 240
DSLARS LGVEKDLALPAIAVI[GDQSSGK
AGCTOOGTGTTGGAGGCGCTGTCAGGOGTGGCTCTGOCAAGAGGAAGTGGCATTGTGACAAGATGTCCTCTCGARCTGAA 320
Sl vi[e aAlts evallrr 6se i vTjRorPLEL
GATGAAGAGAAAGAAAGAAGGAGAGGAGTGGTACGGAAAGATAAGCTACCAGAACTTTGAGGAAGAGATAGAAGACCCTG 400
KM KRKEKEGEE WYGKI SYQNFEEEIEDHP
CAGATGTGGAGAAAAAGATTAGAGAAGCTCAGGATGAAATGG00GGGGTOGGEGTGEGGATCAGTGATGACCTCATCAGT 480
ADVEKEKIREAQDEMAGY GV GISDD LIS
CTGGAGATOGOCTCTCCTGATGTTCCAGACCTGACGCTCATTGACCTGTCCGECATCGCCAGRGTGGCTGTARAGGGACA 560
LEITASPODVPODLTLI[DLSG I A RVAVEKEG DO
ACCAGAGACATTGGAGATCAGAT AAAGAGGCTGATCCAGARGTTCAT CACAARAGAAGAAACCATCAGCTTGGTGGTTG 640
PENIT GODQ I KBT 71 Q KF I'TKQETSLVYV
TTOCATGCAACGTGBACATAGCAAGCACAGAGACTT TGAACATGGCCCAGCAGGTGGATCCTGATGGAGAGAGGACTTTG 720
VPCNV DIATTEALNMAQGQVDDPDGERNTL
GGTATCTTGACCAAGCCTGATCTGGTGGACAAAGGCACAGAAGAGACGGTGG TTGAAATTGTCCATAATGAGGTCATOCA 800
6 1 L|T K e/ njtvio k aff € E T U WRE TV HN EV Y
CCTGAAGAAGGGCTAGATGATCGTCAGGTGCAGGOGTCAGAAGGAGAT CACAGAGAAGGTGTCTCTTACTGAAGCAATAG 880
HLKKGY MWJVAGCR GQ KE I'TEKVSLTEA
ARAGAGAGAAAGCCTTCTTCAACGATCATGTGTATTTCCACGCTCTCTAGAACBACBGTCATGCTACTGTTCCTAGAGTG, 960
| EREKA FFNOHVYFHALYNDGHATUVPS]
GCTGAGARACTCACCGTTGAGCTGGTGCATCATATT GAGARATCTCTGCCTCACTGBAAGAGCAGATAGAGGAGARAGT 1040
L AE KL b ey H My B0k s RPN e ¢ 4 e g
AGCACAGACTCAGGCAGAGCTGGAGAGATATGGCACTGGACCCCCATGTGACACAGCTGAGAGACTCGTCTTCCTOATTG
KLAQTOQATELERYG TGP PSOTAERLNYEFL
ATAAAGTGAGGGCATTCACTCAGGATGOCATGAGTC TGOCTGCAGGAGAGGAACTOARGTGTGBAGACAGGCTCAACATC 1200
| DKV TA FT QO0-AT.SLPAGEETKCGDRLN
TTTTCTACGCTCAGAAGAGAGTTTGGGAAGT GGAACGOOCAGGTGGACCGCTGAGGAGAAAACT TTAACAAGAGGATTGA 1280
| FSTLRREFGKWNAHLDRSGENFNEKHR I
GAGAGGGGTGGAGGAATATGAAGAGATGTACCGTGGAAGAGAACTGOCGGGCTTCATCAAGTACAAGACGTTTGAGGACA 1360
ERGVEEYEEMYR GRELPGF I NYKTFEDG®
TGGOCAAGGACCAGATCAAACAGCTGGAAGAACCAGCTGTCAAGAGTCTTAAGGACGTAGGAGATGCTGTTAGGAAGATG 1440
MAKDQIKQLEEPAVEKSLKDVGDAVR KM
TTCATACAGCTGGCCCACGGTAGCTTCTCTGGATATOCCARCCTCATGAAAACCGCCAAGGCAAAGATOGARGOCATTAA 1520
FI1QLAHGSFSGYPNLMKT AK AKIEA.I
GCAAGAAAAAGAGTCCACTGCTGAATCCCTGOTGAGAACOCAGTTCAAGATGGAGTTGCTTGTGTACTOOCAGGACAGGA 1600
KQEKESTAESLLRTQFEKMELLVYYSOQDHR
CCTACAGCAGCAGTTTGAGTGACAGTAAGAGAGAGGAGGATGAGAAGGATGACAAGCAGAAAAGCT TAATATTTCATGAA 1680
TYSSS LSODSKREEDEKDDKG GKSLI F H
GAAAGGAGTATTGTGTACAGCATGGATAATCATGCAACACTTCAGGAGCTGATGTTGCACCTTARATCATATTACAGGAT 1760
EERS I VYSMWONHATLOQELMLH LKSYYR

120
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TGCCAGCCAGCGTCTAGCTGACCAGATCCCGCTGGTGATCCGCTACCAGATGTTGCAGGAGTCTGCCATCCATCTGCAGA 1840
l'ASQREADQ!I PE VIRYQMBEQESAIHMOQ
GGGAGATGCTGCAGGTGCTTCAGGACAAGGAGAATT TGGAGT TCTTGCTGAAGGAGGACTTTGACTTTGGCAGCAAGAGG 1920
REvMEQ VE G0DKENBEFLLKEDTFDFGS K
GCTGCTTTGCAGAGTCGCCTCAAACGCCTCAGGCAGGCCCGCGCATACCTGGTGGAGT TCTAGAAGAGT TCAAGGCCTGA 2000
RAALQSRLKRLRQARAYLVETF =
CAGCATGATCTTGTTTTTTAAGCTGTCACATACATTCATGGT TGTGGAGTGAGTATACTATTTGTCACATTGGGTATTGA 2080
ATGTAGAATCGATATGTAAAAGTTATCTATTTGATGTGACAGCTAAATCAGAACATGTCATCAGCATAAGTCTACTATAC 2160
CTCTTTCATTTGTCAAGTACAGTTCAACTGTGGTTGTAGGATTGTTATACTATTTTTTTTTTAATATGTCCAGAGTAGAA 2240
TGGACAGATCTGCTTTAGATGTAACAGCTTAGTCAGAACAGGTCAACAGGTCAAAGGTCAGTAGTTTCAAATGTACTGTA 2320
ATATCTACTCCTATTATCATTAAAAAAATGTCTAAGGCACTC 2362

Fig. 6. Nucleotide sequence and translated amino acid sequence of rock
bream Mx gene. Rock bream Mx protein showed the signature of the
dynamin family at amino acid positions LPRGSGIVTR;. the tripartite
GTP-binding domain at amino acid positions EA, DLSG , TKPD,
Shadowed leucine acids show the leucine zipper domain.

Do not contain any of the common polyadenylationsignals (AATAAA),

potential glycosylation sites.
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AAGCAGTGGTATCAACGCAGAGTACGCGGGGATTCAAACTTTGAACAGCGAAGCGACACAACT GCGGAGGAGAGGAGAAA
CAGAGAGAGAGAGAGAGAAGGAGGACAAAAAGAACT TCTGACAAAGTCTTTGGAGTATGAACAAACTCACATTTGCAGTT
M NKLTFAY
TTCCTCTTGGCACTGGGTTTTCTTGTCTGCGAAGCTGGTAACCCATGTTGCGCCGAACCATGTCAGAACAAGGGCGTTTG
FLLALGFLVCEAGNPCCAEPCQNIKTGVC
CACATCGCTCGGGGCAGAGAACTACGAGTGTGACTGCACACGCACAGGGTATTTTGGACAAAACTGCACAACGCCTGAGT
TSLGAENYECDC CTRTGYFGQNTCTTPEF
TCCTCACCTGGCTCAAAATTACCCTGAAGCCGTCCCCCAACACAGTCCACTACCTCCTCACCCACTTCAAGGGCTTCTGG
LTWLKI TLKPSPNTVHYLLTHEFKSGEFW
AACATCGTCAACAACATCTCATTTCTCAGGGATGGTATCATGACATATGTGCTGACATCTCGATCCCACATGATTGATAG
NT VNNITSFLRDGIMTYVLTSRSHMIDS
TCCGCCCACTTTCAATGCGGATTATAGTTACAAATGCTGGGAGGCCTATTCCAACCTTTCCTACTATACACGCACCCTCC
PPTFNADYSYKCWEAYSNLSYYTRTLEP
CCCCTGTGCCTAAAGATTGTCCAACCCCCATGGGAGTAGTAGGTAAAAAGGAGCTGCCTGATGCTAAGGTACTGGCTGAG
PVPKDCPT®PMGYVYVGKZKELPDATK.LVLAE
AAGCTTCTGGTGAGAAGACAGTTTATCCCGGACCCACAGGGCACCAGCCTGATGTTCGCATTCTTCGCACAACATTTCAC
KLLVRRQQF I POPQGTSLMFAFFAQHTFT
CCACCAGTTCTTCAAATCTGATATGAAGAAAGGACCTGCTTTTACCGT TGCTAAAGGTCACGGGGTGGACCTCAACCACA
HQFFKSD MKKGPAFT|VAKGH|GVDLN H
TTTATGGAGACAGCCTGGAGAGGCAGCACAAGCTCAGACTCT TAAAGGACGGCAAGCT TAAATATCAGATCCTGGATGGA
'Y G D SfLJEwRI @ H jSLSREEESK D NGRS K Q |} LADIG
GAGGTGTACCCCCCAACAGTAAAGGAAGTGGGCGTTGACATGCACTACCCTCCTCATGTTCCTGACTCTCACCGCTTCGC
EVYPPITVKEVGYVD MHYPPHVPDSHREA
TGTGGGCCACGAGGCCTTCGGCCTGGTCCCCGGCCT GATGATGTACGCCACCATCTGGCTACGGGAACACAACCGGGCG
VGHEAFRGL VPG LMMYA|T "W LREHNRA
GTGACGTGCTGAAGGAGGTCCACCCTGACTGGGACGACGAAAGGCTCTTCCAGACCTCACGGCTCATTCTGATTGGAGAG
cbvL>LKEVHPDWD DERLFOQTSRALLLAGE
ACCATCAAGATCGTGATCGAGGACTACGTGCAGCACCTGAGCGGATATCACTTCAAGCTCAAGTTTGACCCCGAGCTGCT
TI1TK IV IE DY VQHLSGYHF.KLKFDPE L
CTTCAACCAGCGCTTCCAGTACCAGAACCGCATTGCGTCCGAGTTCAACAGCETGTACCACTGGCACCCGCTGATGCCTG
LFNQRFQVYQNRIASEFFNTLYHWHU®PLM
ATTCTTTCCACGTTGAGGAGCAGGATTACAGCTATAAACAGTTTGTCTTCAACACCTCTGTGGTGACCGAGCACGGCATC
PDOSFHVEEQDYSYKQFVFNTSVVTEHR®G.
AGCAACCTTGTGGAGTCGTTCACCAACCAGATCGCTGGACGGGTTGCAGGT GGCCGAAATGTCCCAGGACCTATCATGTA
SNLVESF TNQI AGR VAGGRNYPGP I M
CGTGGCCATCAAGTCTATTGAAAACAGCCGACAGATGCGCTACCAGTCTCTGAACGCCTACAGGAAGCGATTCTCCATGA
YVAI KSI ENSRQAMRYQSLNAYRKRBRTFSM
AGCCCTACAGTTCTTTTGAAGACATGACAGGAGAGAAAGAAATGGCCGCAGTACTCGAGGAGATGTACGGACACATCGAC
KPYSSFEDMTGEIKEMAAVLEEMYGHTI D
GCTGTGGAGCTCTACCCGGGTCTGCTGGTGGAGAAACCCAGGCCTAACGCCATCTTTGGGGAGACCATGGTGGAGATGGG
AVELYPGLLVYEKKPRPNAIFGETMVEM
GGCCCCTTTCTCCCTCAAGGGCTTAATGGGAAACCCCATCTGCTCCCCGGAGTACTGGAAGCCCAGCACATTCGGAGGCA
GAPFSLKGLMGNPICSPEYWKPSTTFS®GHG®G
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GCGTGGGCTTCGACATCGTCAACACCGCCTCCCTGCAGAGGCTCGTCTGCAATAACGTCCGCGGCCCCTGTCCCGTGGCA 1840
SVGFDIVNTASLQRLVCNN VRGPC CPYV

TCCTTTCATGTGCCCGACGTTAAAGACACGGGCTCCATGATCATCAACTCAAGCACGTCCCACTCGCGCAGCAGTGATAT 1920

AASFHVPDVKDTGSMI I NSSTSHSRSSD
CAACCCCACAGTCATTTTGAAAGAAAGGACTACTGAGCTTTAATTTTGTTTTATTTCCTTAGGTTCTTTTTTAATATATG 2000

I' NP TV I LKERTTELH*
TATTTATTTATTTATTTATTTTTGTATTTATTGTCCCATATTTATGACATAACATGAGAAAGT GCAACACAGAGTTTTTT 2080
TTATATGTAATTTTGTATGTTTTTGTCTGATTATCGAACAAAAGTCTGTGGTTGTGT TTATTTATTGAAAGATTGTTATT 2160
ATAAGTTATTGTTCCAGTAATGACCTCAGTCACTGCAACTTGATACTTGAAGGTTGGTTTATAGTTTCAACTGCATAGTA 2240
GCGTACATTACACTTCTAATGTAAAATTATGTTCATTCAATTGTGCGGCTGCCCCAGTGCACCACAGAGATCTGTTTTGC 2320
AGACAGCGATTCAGTAGCACATCAGTAGTAATGTTCGCAGTGAACT TAACGACTGATCTCTTGATCTAATGTAACACACA 2400
GTAAAGTGCATTCCTGTTTCAGTATTGTTCTACTGATGTTTTTTCTTCTTGAGGCTGTGTATTGGCTTGGGTAATTTGAA 2480
ATGACATGAATAACCCTGAGTTTAAGCTGCAACTGT TGTTTAAAACTGTACTGTTGTTCTGTAGAAATTGTATCATTCAG 2560
TTATATAGGCTTAACAAAGCCATGCAGTTFCTTAGTTTTGTTCTCAATGCCTATTGACTTGCAAGGT TGACACTAATAAA 2640
TGCTACCAGAAAATGGAACGCGTTTCT 2666

Fig. 7. Nucleotide sequence and translated amino acid sequence of rock
bream Coxt2 . 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, His, Ser); the N-glycosylation site (Asn).The 3'UTR contained
multiple copies of “a. typical inflammatory molecule instability motif
(ATTTA) and a polyadenylation —signal (AATAAA) 27bp upstream of
the poly (A) tail.
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2. Genomic DNA cloning 3 @714 € &4

E3=9 Mx gene ¥ Cox-2 gene cDNA @74 <E& vl o

f
i

X o
=]

o
o

|
oA 23 DNAE template® a4 genomic DNA®] 3 PCR

o
L

Aletgth. Cox-2 gene 9 AH$ Cox 1F-RBCoxR , Genomic
CoxF-Genomic CoxR , RBCoxF-Genomic Cox2R primerE ©]-&3}o] PCR

o

A AE A3 Genomic CoxF-Genomic CoxR primer & ©]&3to] PCR
3t A3 bandE 4S F Ao, Cox 1F-RBCoxR , RBCoxF-Genomic
Cox2R primer ©]-&3Fe] 1448bp, 2220bp & 2709 productsE 84S =
Aot (Fig. 8). L prodcutsE elutiond}e] cloning3t % plasmidES ¥ 2] 3}
o] sequencingdtith 1 A3 =39 Cox2 gene genomic: DNAS] |
A7IMLdS AAT = ATt exond intronS FE37] Y8 cDNAS &
71 E 3 genomic DNAS 71X E& Hlast 23 =:52 Cox-2 gene
genomic DNA organization< # A 4196bp= 6702 exon®} 57§ 2] intron
o7 FAH AT AS Gt (Fig. 9). 22 WHOE =59 Mx
gene® c¢DNAY ¢ 714 <€ 7 genomic DNAS] d7jA LS v st A3 =
=9 Mx gene genomic-DNA' organizatione A 3155bp= 87§2] exon
7 7719 introno. 2 FAH O e RS AT} (Fig. 10).
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1kbp—>
500bp—>

Figure. 8. Agarose gel electrophoresis of the amplicons producted
in PCR with specific primers and the genomic DNA as template.
Lane 1. Cox 1F-RBCoxR ; lane 2. RBCoxF-Genomic CoxZR

M, 100-bp DNA ladder.
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AAGCAGTGGTATCAACGCAGAGTACGCGGGGATTCAAACT TTGAACAGCGAAGCGACACAACT GCGGAGGAGAGGAGAAA 80
CAGAGAGAGAGAGAGAGAAGGAGGACAAAAAGAACTTCTGACAAAGTCTTTGGAGTATGAACAAACTCACATTTGCAGTT 160
M NKLTFAYV
TTCCTCTTGGCACTGGGTTTTCTTGTCTGCGAAGCTGGTAACCCATGTTGCGCCGAACCATGTCAGAACAAGGGCGTTTG 240
FLLALGFLVCEAGN®PT CCOCAEPCQNEKTG GVC
CACATCGCTCGGGGCAGAGAACTACGAGTGTGACTGCACACGCACAGGGTATTTTGGACAAAACTGCACAACGCCTGAGT 320
TSLGAENYECDC CTRTGYFGQNTOCTTPEF
TCCTCACCTGGCTCAAAATTACCCTGAAGCCGTCCCCCAACACAGTCCACTACCTCCTCACCCACTTCAAGGGCTTCTGG 400
L TWLKI TLKPSPNTVHYLLTHTFEKSGTEFW
AACATCGTCAACAACATCTCATTTCTCAGGGATGGTATCATGACATATGTGCTGACATCTCGATCCCACATGATTGATAG 480
NIT VNNITISFLRDODGIMTYVLTSRSHMIDS
TCCGCCCACTTTCAATGCGGATTATAGT TACAAATGCTGGGAGGCCTATTCCAACCTTTCCTACTATACACGCACCCTCC 560
PPTFNADYSYKCWEAYSNLSYYTRTLTP
CCCCTGTGCCTAAAGATTGTCCAACCCCCATGGGAGTAGTAGGTAAAAAGGAGCTGCCTGATGCTAAGGTACTGGCTGAG 640
PVPKDCPTPMGYVVGKKELFPDAKVLAE
AAGCTTCTGGTGAGAAGACAGT TTATCCCGGACCCACAGGGCACCAGCCTGATGTTCGCATTCTTCGCACAACATTTCAC 720
KLLVRRQF I PDPQGTSLMFAFRFAQHTEFT
CCACCAGTTCTTCAAATCTGATATGAAGAAAGGACCTGCTTTTACCGTTGCTAAAGGTCACGGGGTAAGCACAGCAGATT 800
HQFFKSD MKKGPAFTVAKGHG
TCAAGCCCCATCAGATTTTGGTCAGGAAAGAGAGACAAAGAATCGT TTGTTAAAAATACAGCATGTGCTCATGGTGTTGT 880
TTTTGCTTCCAGGTGGACCTGAACCACATT TATGGAGACAGCCTGGAGAGGCAGCACAAGCTCAGACTCTTAAAGGACGG 960
VIO Lé¢ Nl H | [ GERDESSEN™ ™ FoubianUNNEINEE | SR L L KD
CAAGCTTAAATATCAGGTATGAGAAGAGACAGATGTTCAGCAGTTTAAACAGCCAAATGCTTCAGACCACACAAGTGTCT 1040
G KL K Y Q
AACGGTTGCTTTCCTCTCTTGCATAACTCTGCAGATCCTGGATGGAGAGGT GTACCCCCCAACAGTAAAGGAAGTGGGCG 1120
|l L DG BV YPPT.NKEWFG
TTGACATGCACTACCCTCCTCATGTTCCTGACTCTCACCGCTTCGCTGTGGGCCACGAGGCCTTCGGCCTGGTCCCCGGC 1200
VOMHYPPHWPD S HRFAVGHEATFGLV PG
CTGATGATGTACGCCACCATCTGGCTACGGGAACACAACCGGGTGTGTGACGTGGTGAAGGAGGTCCACCCTGACTGGGA 1280
LMMYAT I WLREHNRAGCDODYVLKEVHPDWD
CGACGAAAGGCTCTTCCAGACCTCACGGCTCATTCTGATTGGTGAGTTTACAAGATTCTGACAGCTGCACAAAACTTTTG 1360
ODERLFQTSRLI LI G
AAAACATTTGCTCTATTGTATTTGCTGGGAAAATAAAGTAAAATAATGACAAGAGAGCCAAATAGT TACCATGGGAGTTA 1440
TGAAAAGAGGAAGTTGTACTTTTTATTTCTGTAATCAGCTACTAGCAACCGTATTGCACACTGCAGATCATTTGAGCTCT 1520
ACTGTGAGAAACAGGATTTACTGACTGATGTGAGAAAGAGGAAATGTTTGACTTCACTGCCTGACGTCAAACTACTACAG 1600
CCAAAACAATCTAAAGATCCCCTCCACACATGTTTTAAGACATATGAAATACACTGCT TGAATAATAATTTGCGTCTGAT 1680
ATTGATTTTCCACAAAAAAGCAAACTACTTAAAAATTTTTAAAACTACATGTACTTCTTCTCACTCGTTGAAAAATACAG 1760
AATCTTTATTCAAAAGTTTAATTGCTGGACACAAGAGGTCTCCTAATTCACTGAACAGTTTATTCTCAATGTATGTGAAC 1840
TTTAAACATCTATAATATCTGCATTACATAAAATATTTGATCATTTGTCCTGCAGGAGAGACCATCAAGATCGTGATCGA 1920
ET I K1 V I E
GGACTACGTGCAGCACCTGAGCGGATATCACTTCAAGCTCAAGTTTGACCCCGAGCTGCTCTTCAACCAGCGCTTCCAGT 2000
DYVvaHLSGYHFKLKFDPELLFNQGQGRFQY

—y

—_
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ACCAGAACCGCATTGCGTCCGAGT TCAACACCCTGTACCACTGGCACCCCCTGATGCCTGATTCTTTCCACGTTGAGGAG 2080
QNRI ASEFFNTLYHWHPLMPDSTFHVEE
CAGGATTACAGCTATAAACAGTTTGTCTTCAACACCTCTGTGGTGACCGAGCACGGCATCAGCAACCTTGTGGAGTCGTT 2160
QbDYSYKQFVFNTSVVTEHGI SNLVESTF
CACCAACCAGATCGCTGGACGGGTAAGAGCTGTTTGAGCTGTCGTAGCAGCACTTAGATTCAGATTGTGACACCAGTGTT 2240
TNQIT AGHR
GCTTTAAGGCTGATTTACTGACTTCCCATTCATTTCTTTTTAGGTTGCAGGTGGCCGAAATGTCCCAGGACCTATCATGT 2300
VAGGRNVPGP I M
ACGTGGCCATCAAGTCTATTGAAAACAGCCGACAGATGCGCTACCAGTCTCTGAACGCCTACAGGAAGCGATTCTCCATG 2360
YVAI KSIENSRQMRYQSLNAYRKREFTZSM
AAGCCCTACAGTTCTTTTGAAGACATGACAGGTGAGACGAAGTCAAGATCATTCACAAAGCCTAATACTTGCAGGTGGAA 2440
KPYSSFEDMT
AGGATGACGGCAGGAGATTAGTGAAGATGTTATTATCAACATGAAATGAAAGGAAATGTTGCCTCAGGCCAAATTATAGT 2520
TGCATTATTAATAGCATTGTTATGAGCT GATTGCAGGAATTAAAAAACACACCCAGGTGCCACAGATCAAAGCTTGTGTC 2600
ATAGATTACTTATTACTAAGGAAATGGT TFGGACTCAGCTCTAGT CCCCCAGCAGCT TTGGAGGTTAGGAATTTATTTCC 2680
GTGACTCTTAAAGACCAGATGTTCACTTCGTCTTGAGACAGTGTAAGCAGATTGTCATCACAGAGAGCAAGACATAAACA 2760
GACAAGAGAGGCCTCCTGCTTCAGAGGAGAAGATTTAAATTTCGCAAGATAAGAGGATTTAATATCAAAAACTAACTGTG 2840
ATGTATGTATGAGGAGAGGGAAATATCAGTGTGTGTGTGTGTATGCTTGTAAGAGAGACATGAATGAGAAGGAAGTGAAG 2920
ACAGAAAGAGATCATT TTTTATCTACCATTTGCTGGATTTGAATCAGT CAAAACACAGAGCTCATATTTAGACTAGCAGC 3000
AAGCTTTGCAGCTGCTGAGCCAGCAAGAGAAGCCAGATTGAGGCGCTAACCAAAACTATTTCCTCCTCTGTGTTACTCAG 3080
GAGAGAAAGAAATGGCCGCAGTGCTCGAGGAGAT GTACGGACACATCGACGCTGTGGAGCTCTACCCGGGTCTGCTGGTG 3160
G E K E MI A A#V| L E JERMEYSGEN | mbanENEN LY P G| Uiy V]
GAGAAACCCAGGCCTAACGCCATCTTTGGGGAGACCATGGTGGAGATGGGGGCCCCTTTCTCCCTCAAGGGCTTAATGGG 3240
EKKPRPNAILFGETMVEMGAPFSLKGLM
AAACCCCATCTGCTCCCCGGAGTACTGGAAGCCCAGCACATTCGGAGGCAGCGTGGGCTTCGACATCGTCAACACCGCCT 3320
GNPI CSPEYWKPSTFGGSVGFD I VNTA
CCCTGCAGAGGCTCGTCTGCAATAACGTCCGCGGCCCCTGTCCCGTGGCATCCTTTCATGTGCCCGACGTTAAAGACACA 3400
SLQRLVCNN" VR GP.CP VASFE HVPDVKHD
GGCTCCATGATCATCAACTCAAGCACGTCCCACT CGCGCAGCAGTGATATCAACCCCACAGTCATTTTGAAAGAAAGGAC 3480
TGSMI I NSSTSHSRSSDINPTV I LKER
TACTGAGCTTHAATTTTGTTTTATTTCCTTAGGTTCTTTTTTAATATATGTATTTATTTATTTATTTATTTTTGTATTTA 3560
TT E L~
TTGTCCCATATTTATGACATAACATGAGAAAGT GCAACACAGAGTTTTTTTTATATGTAATTTTGTATGTTTTTGTCTGA 3640
TTATCGAACAAAAGTCTGTGGTTGTGTTTATTTATTGAAAGATTGTTATTATAAGTTATTGTTCCAGTAATGACCTCAGT 3720
CACTGCAACTTGATACTTGAAGGTTGGTTTATAGTTTCAACTGCATAGTAGCGTACATTACACTTCTAATGTAAAATTAT 3800
GTTCATTCAATTGTGCGGCTGCCCCAGTGCACCACAGAGATCTGTTTTGCAGACAGCGATTCAGTAGCACATCAGTAGTA 3880
ATGTTCGCAGTGAACTTAACGACTGATCTCTTGATCTAATGTAACACACAGTAAAGTGCATTCCTGTTTCAGTATTGTTC 3960
TACTGATGTTTTTTCTTCTTGAGGCTGTGTATTGGCTTGGGTAATTTGAAATGACATGAATAACCCTGAGTTTAAGCTGC 4040
ACTGTTGTTTAAAACTGTACTGTTGTTCTGTAGAAATTGTATCATTCAGTTATATAGGCTTAACAAAGCCATGCAGTTTC 4120
TTAGTTTTGTTCTCAATGCCTATTGACTTGCAAGGT TGACACTAATAAATGCTACCAGAAAATGGAACGCGTTTCT 4196

Figure. 9. Compiled full-length rock bream Cox-2 gene sequence.

Exon regions underlined are derived from the cDNA sequence.
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AAACAAAACGCTGAAGTACCCGCAGTTTGGATCTGTGCTACTGCAGACAGAGCTCATTTCACTATTCCTTTITTICTTTA
AAACAGACAAGAAGT CTTCATCATGAACACTCTGAATCAACAGTATGAGGAGAAAGT GCGTCCCTGCATTGACCTCATTG
M NTLNQQYEEKVRPOCI DL
ACTCTCTTCGCTCTCTGGGTGTAGAGAAGGACTTGGCTCTGCCTGCTATCGCCGTGATTGGAGACCAAAGCTCGGGGAAG
b SLRS LGVEKDLALPAI AV I GDQS S GK
AGCTCCGTGTTGGAGGCGCTGTCAGGGGTGGCTCTGCCAAGAGGAAGTGGCATTGTGACAAGATGTCCTCTCGAACTGAA
SSVLE ALS GVALPR GSGI VTRCGCPLEHTL
GATGAAGAGAAAGAAAGAAGGAGAGGAGTGGTACGGAAAGATAAGCTACCAGAACTT TGT GGAAGAGATAGAAGACCCTG
KMKRKKEGEE WYGKI SYQNFEEETIETDTP
CAGATGTGGAGAAAAAGATTAGAGAAGGTACAGTATACAGCT TTCTCAAATGTCACTATCAAAAGCCAAGTATTGAAGGA
ADVEKEKI RE
GCTACTGAAGTGTTTTAGGTTTCAGTGATCAGCACTTCCATCCTTTGTAATCAGCATACATCATGCTCTCTCTCTCCAGC
TCAGGATGAAATGGCCGGGGTCGGGGTGGGGATCAGTGATGACCTCATCAGTCTGGAGATCGCCTCTCCTGATGTTCCAG
AQDEMAGV GV G I SOD L I St ASPDVEP
ACCTGACGCTCATTGACCTGTCCGGCATCGCCAGGGTGGCTGTAAAGGGACAACCAGAGAACATTGGAGATCAGGTATGA
DL T L I DL S G "BV _A=V—K G 0PN JIF & .0%0
TTGTTCAGTGTCCCCAAAACACGCTGTCAGCAGCCTCACAGCAAGGCTACAAACATTCAGTCCTGTAATATTCACTCATC
ATGTCAATAGAACAAACTACTACTATTGATAGT TGTACAACTTATAACT IGATGTACAATATGAATTCATGCT TTCAGAT
AAAGAGGCTGATCCAGAAGTTCATCACAAAACAAGAAACCATCAGCTT GGTGGTTGT TCCATGCAACGTGGACATAGCAA
I K R L | O %eF /1 T KEEE ESSISSENS| LR BWC N V %0 | A
CCACAGAGGCTTTGAACATGGCCCAGCAGGTGGATCCTGATGGAGAGAGGACTTTGGGTAAATAGAGCTGCTTTTAGAAA
TTEALNMAQQVDPDGER TL
GGGGCCACATGGCCAAGTTGCTTGACTTTTAGATAGTTCACTGTCTGCTTGTCCTTCTTTCTCAGGTATCTTGACCAAGC
G |f Cs=.jgf «
CTGATCTGGTGGACAAAGGCACAGAAGAGACGGTGGTTGAAATTGT CCATAATGAGGT CATCCACCTGAAGAAGGGCTAC
POLVDKGTEETVYV EI VHNEVIHLKIKGY
ATGATCGTCAGGTGCAGGGGTCAGAAGGAGATCACAGAGAAGGTGTCTCTTACTGAAGCAATAGAAAGAGAGAAAGCCTT
MIrvRCR GQ@KE= TEKVSLTEAIEREHKA
CTTCAACGATCATGTGTATTTCCAGTAAGT TAATTCTITTTGGGGAATTGTGTAATAATTGTAACATAATATTTATGTGG
FFNDHVYF
TAAAGTGTTTGTCAGGTTGTGCAGCATGTACTCAGTAACTTTTTATTCTTGCTGTAGCGCTCTCTACAACGACGGTCATG
HALYNDSGH
CTACTGTTCCTAGACTGGCTGAGAAACTCACCCTTGAGCTGGTGCATCATATTGAGTATTGAGGTGAATGTATCTTATTT
ATVPR LAEKLTLELVHH.I
CTTTACCTTAACAATTCACTGTATAAATTATGATTAGTCACCTTCGCTGTAAGGTTTTGACCTCTGTGTGATTTGCAGAA
ATCTCTGCCTCGACTGGAAGAGCAGATAGAGGAGAAACTAGCACAGACTCAGGCAGAGCT GGAGAGATATGGCACTGGAC
EKSLPR LEEQI EEKLAQTQAELERYSG G
CCCCATCTGAGACAGCTGAGAGACTCGTCTTCCTCATTGATAAAGT GACGGCATTCACTCAGGATGCCATCAGTCTGCCT
TGPPSDODTAERLVFLIDKVYTAFT QDA
GCAGGAGAGGAACTCAAGT GTGGAGACAGGCTCAACATCTTTTCTACGCTCAGAAGAGAGT TTGGGAAGTGGAACGCCCA
SLPAGEELKCGDRLNIFSTLRRETFGKWN
CCTGGACCGCTCAGGAGAAAACTGTGAGTGTATCATTTTGCTCAGGTCTACAGCCGTCCATCAGCAGGACTCTGAAATAA
AHLDRSSGE
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TATGTTTGTGTGTTGCAGTTAACAAGAGGATTGAGAGAGGGGTGGAGGAATATGAAGAGATGTACCGTGGAAGAGAACTG 2000
NFNKRIERGVYVEEYEEMYR GREL
CCGGGCTTCATCAACTACAAGACGTTTGAGGGCATGGCCAAGGACCAGATCAAACAGCTGGAAGAACCAGCTGTCAAGAG 2080
PGF I NYKTFEGMAKDO QI KQLEEPAVKS
TCTTAAGGACGTAGGAGATGCTGTTAGGAAGATGTTCATACAGCTGGCCCACGGTAGCTTCTCTGGATATCCCAACCTCA 2160
LKDVGDAVR KMF I QLAHGSFSGYPNLWM
TGAAAACCGCCAAGGCAAAGATCGAAGCCAT TAAGCAAGAAAAAGAGT CCACTGCTGAATCCCTGCTGAGAACCCAGTTC 2240
KT AK AK I EAIKQEKESTAESLLRTA QEF
AAGATGGAGTTGCTTGTGTACTCCCAGGACAGGACCTACAGCAGCAGT TTGAGTGACAGTAAGAGAGAGGAGGATGAGAA 2320
KMELLVYYSQ@QDRTYSSS LSDSKRETETDEK
GGATGACAAGCAGAAAAGCTTAATATT TCATGAAGAAAGGAGTATTGT GTACAGCATGGATAATCATGCAACACTTCAGG 2400
DDKQKSLI F HEERSI VYSMDNHATLQE
AGCTGATGTTGCACCTTAAATCATATTACAGGGTAAGTTTTAATTTAGGAGGATGATTCATGAACACAACATGACAGGTT 2480
LMLH LKZSYYR
TAGACAGAGGGTGTGTTTTTCAATAATTCGCCTTGTCTGTCAAACTTTTTTTTCCTTTTGTCCTCCTCCAGATTGCCAGC 2560
I A S
CAGCGTCTAGCTGACCAGATCCCGCTGGTGATCCGCTACCAGATGTTGCAGGAGTCTGCCATCCATCTGCAGAGGGAGAT 2640
QR L ADO VPSSV I R Y QO M8 QE S A | H-LFQFR €M
GCTGCAGGTGCTTCAGGACAAGGAGAATTTGGAGTTCTTGCTGAAGGAGGACTTTGACTTTGGCAGCAAGAGGGCTGCTT 2720
L Q@ V L ( Om® E N LS CANESIENKE C NSNS FRRG S K 'R-AA
TGCAGAGTCGCCTCAAACGCCTCAGGCAGGCCCGCGCATACCTGGTGGAGTTCTAGAAGAGTTCAAGGCCTGACAGCATG 2800
LQ@SRLKRLRQARAYTLVEF *
ATCTTGTTTTTTAAGCTGTCACATACATTCATGGTTGTGGAGTGAGTATACTATTTGTCACATTGGGTATTGAATGTAGA 2880
ATCGATATGTAAAAGTTATCTATTTGATGTGAGAGCTAAATCAGAACATGTCATCAGCATAAGTCTACTATACCTCTTTC 2960
ATTTGTCAAGTACAGTTCAACTGTGGTTGTAGGATTGTTATACTATTTTTTTTTTAATATGTCCAGAGTAGAATGGACAG 3040
ATCTGCTTTAGATGTAACAGCTTAGTCAGAACAGGT CAACAGGTCAAAGGTCAGTAGTTTCAAATGTACTGTAATATCTA 3120
CTCCTATTATCATTAAAAAAATGTCTAAGGCACTC 3155

Figure. 10. Compiled full-length rock bream MxX gene sequence.

Exon regions underlined are derived from the cDNA sequence
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3. 471G Mz BA

=59 Mx gene ¥ Cox-2 gene cDNA ¢} GenBankel 55 %Ho U=
sea bass , rainbow trout, flounder , rat, human ¢ Mx gene, Cox-2
gene cDNA o}v] =28 MEGA 4 program< AF&3to] Hlua] H S o
Mx gene® 7% sea bass?9 amino acid identity 7} 91% 7} =9ko
H Cox-2 9 % sea bass®}e] amino acid identity 7} 73% & YEFHA
ot 2283 rock bream ¥ A= 2 o]FZe] amino acid identity =
50%~ 70% ¢ A EXE VeI URFH S 2 rock breame XS T

u

oF 59 Mx gened} Cox-2 gene cDNA- sequencedl X X FF9+=

-

amino acid identity & YWEIH= 3ol ATt (Table 2-3 , Fig. 11-12).

~—
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Table 2. Amino acid sequence homology of rock bream Mx gene with

other known MxX gene sequences.

Rock Sea bass Chinese Lates Flounder ~ Seabream  Grouper Rainbow  Mouse Rat  Hman
bream perch calcarifer oup trout Mx1 Mxl  MxA
Rock 91 89 87 80 79 86 82 52 52 56
bream
Sea bass 91 89 84 81 87 84 51 52 57
Chinese 87 81 79 88 83 51 5257
perch
Lat@ 83 81 87 83 51 51 56
calcarifer
Flounder 81 81 77 50 51 55
Seabream 79 76 53 52 57
grouper 80 51 51 56
Rainbow 52 51 55
trout
Mouse
M1 78 66
Rat Mx1 68
Hman
MxA

Oplegnathus fasciatus
Dicentrarchus labrax
Siniperca chuatsi

Epinephelus.coioides

| Latescalcarifer

Paralichthys olivaceus

Oncorhynchus mykiss

Sparus aurata
Human M xA
I Mouse M x1
' RatM x1

20

Fig. 11. Phylogenetic tree showing the relationship between the rock
bream Mx gene amino acid sequence with other known Mx gene amino

acid sequences.
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Table 3. Amino acid sequence homology of rock bream Cox-2 gene

with other known Cox-2 gene sequences.

Oplegnathus Fundulus Dicentrarchus  Oncorhynchus  C.Porcellus Oryc{olagus Rattus norvegicus
fasciatus heteroclitus labrax mykiss (pig) cuniculus (rat)
(rabbit)
Oplegnathus 87 73 74 71 7 71
fasciatus
Fundulus 72 74 70 7 72
heteroclitus
Dicentrarchus 74 71 7 71
labrax
Oncorhy'nchus 71 6 70
mykiss
C.Porcellus
87 86
(big)
Oryctolagus
cuniculus 88
(rabbit)
Rattus
norvegicus (rat)
| Oplegnathus fasciatus
l Fundulus heteroclitus
Oncorhynchus mykiss
Dicentrarchus labrax
‘ Rattus norvegicus (rat)
| C.porcellus (pig)
| Oryctolagus cuniculus (rabbit)
e —
20

Fig. 12. Phylogenetic tree showing the relationship between the rock

bream Cox-2 gene amino acid sequence with other known Cox-2 gene

amino acid sequences.
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Table 4. Comparison of sequence identity between rock bream MxX gene

and the Mx gene of other species.

Species NCBI accession no. Protein region compared % identity

Sea bass AY42496 1-626 91
Chinese perch AY392097 1-626 89
Lates calcarifer AY821518 1-626 87
Flounder AB110446 1-626 80
Seabream AF491302 1-626 79
Grouper AY574372 1-626 86
Rainbow trout U47946 1-626 82
Mouse Mx1 M21117 8-626 52
Rat Mx1 X52711 7-626 52
Hman MxA M30817 2-626 59

Table 5. Comparison--of-sequence identity between rock bream Cox-2

gene and the Cox-2 gene of “other species:

Species NCBI accession no. Protein region compared % identity
Mummichog AY532939 1-608 87
Sea bass AY42496 1-608 73
Rainbow trout U47946 1-608 74
Pig Y07896 1-608 71
Rabbit U97696 1-608 72
Rat U03389 5-608 71
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4. Immunostimulants °] &3 Mx gene 3 Cox-2
gene o &g E4

4.1 228 TEF B4

100g~150g ¢ =&ol LPS(100xg/fish) ¢F Poly LC(500ug/fish)S &7
FALete] of e A& o] &stol WA-fda MAS vju FA ] 2 Ay
Poly LC ©f 9&fA =% Mx gene?d 4AF offd# A=FS wkx e

control group °l H|3l LPS = A=5A171 49RO Poly I.C & 2411
A 4.6 vk 166 w2 48] AR =L 23S JE e, Cox-2
gene? 749 control group Bt} 28] HAEE L33 om Cox-2 gene
AAl F groupol A FElgl zolE #E & ¢ ¢l9ltl (Fig. 18, 15). Poly
LC o 93 &% Mx 1 2, 3 genes conventioal PCR & &3l Hlu
3k A3 Mx 2. F4AE Poly I.C & Z=3 3 control o H]s] 1Y€ A
71 Wol FRHJSH AZke]l AdaE AL ATk Mx 3 A= A
FRARE Mx L 273 87 Foll 7 2A i
vk Mx 1 #4d29 4% Azt & Fdz 2 AZols & = ¢l
At (Fig. 14).
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Liver Head kidney Spleen

Mx gene

Cox-2 gene

B-actin 124bp

Fig. 13. Expression of immine genes in rock “bream different organs
injected immunostimulants intraperitoneally. Lanes 1, 4 , 7 , PBS ;
lanes 2, 5, 8, stimulated with poly: EC (5600xg/0.1ml) ; lanes 3 , 6, 9,
stimulated with LPS (100¢g/0.1ml).

B 23 4 NN/ A8

Mx 1

Mx 2

Mx 3

B-actin

Fig. 14. Mx1, Mx2 and Mx3 isoforms expression in liver cells
stimulated for different periods of time with Poly I:C Lanes 1-2, PBS

; lanes 3-4, 1 day ; lane 5-6, 3 days ; lane 7-8, 7 days.
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M x gene expression
16
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b= I Poly I:C
3 12 I LPS
£
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Liver Head kidney Spleen
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L
EEN Poly I:C
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Q
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Liver Head kidney Spleen

Fig. 15.. Expression levels of Mx and Cox-2 genes using Q-PCR in
different organs of rock bream following immunostimulants. Ct value of
each gene by real-time PCR was compared with the corresponding Ct

value in cells of fish injected PBS.

_41_



Iridovirus ¢ 544 #29 25~26TCHU} e 2o v HUA
= AYs A, Ao
3F T}, Iridovirus®] 4
= doA vt iridoviruse] #
Fol A $ A& HAAZL dojyitt ofd AEE vtgo® 25 T 18T
sL7 ol A =&l iridovirusE AA#YE A1zl
copy numberZ real time PCR & o]&sto] 3elsk A3} 25T A=

iridovirusE 79 % spleen =& oA 194 147 E+02 viral copies/mg of

o>
2

)

1o}

WL

(03

9

>

fr

riet

19, 3, 7¢ A virus
3}

infected tissue = Al Ztste] A & 794 255 E+07 viral copies/mg of

infected tissue & virus copy numbers HF=7] Z71s AR ¥E 18T ol A

s

7+ 3 194 6.12 E+01 viral copies/mg of infected tissue & A]#&}
o 449 %

Hlsl wpol27F HA ] FAeks AL Fledn 25T = 7 F 3

744 1.79 E+02viral copies/mg of infected tissue = 25T 9l

A A IL-1B gene, Mx gene, Cox-2 gene< control group ° ®]3] 158] |
2000, 108) 2 7HE =2 FAS B 18CdA+= 2 5

o kS wmgon IL-1B gene, Mx gene, Cox—2 gene <=2 & control
of wlal 9ul, 13uf, 2uje] fold @S E<lstAtt (Fig. 16~17, Table 6~7).
Virus Zgel 9% Mx 1, 2, 3 gene ¢ wa =% vjuw A3 7Y F 3¢
A 7Y = B S BYon | Mx 2 7F Mx 12, 3 gene =9l virus %

doll ofsiA 7 B2 Fol = H3Av (Fig. 18).
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(A)

B-actin Mx gene IL-1B gene  Cox-2 gene
I 1 I I LI I

M123 41234 12341234

1kbp —»
500bp —>

|

(B)

30

25 1 EEEN Mx gene

T3 IL-1b gene
I Cox-2 gene
20 1

15§

10 A

Compared with-control

ﬁ m &

1day 3days 7days

Fig. 16. Expression of IL=1B, Cox=2 and ‘Mx genes in the liver cells of
rock bream infected iridovirus at 25°C (A) Agarose gel electrophoresis
of products obtained by conventional PCR. Lane 1. PBS injection; lanes
2. 1 day after iridovirus injection ; lane 3. 3 days after iridovirus
injection; lane 4. 7 days after iridovirus injection. M,100-bp DNA ladder
(B) Real time PCR results for immune genes expression level in the
liver of infected rock bream. Ct value of each gene by real-time PCR

was compared with the corresponding Ct value in cells of fish injected

PBS.
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B-actin Mx gene IL-1B gene Cox-2 gene

I ! I |} ! | I | !
(A) M12341 23412341234
lkbp_'
500bp—>
(B) 16
14 4
» =
I Cox-2 gene
10
-

Compared.with control

f*iﬂjm )

1day 3days 7days

Fig. 17. Expression of IL=1B, Cox=2 and ‘MXx genes in the liver cells of
rock bream infected iridovirus at 18C (A) Agarose gel electrophoresis
of products obtained by conventional PCR. Lane 1. PBS injection; lane
2. 1 day after iridovirus injection.; lane 3. 3 days after iridovirus
injection; lane 4. 7 days after iridovirus injection. M,100-bp DNA ladder
(B) Real time PCR results for immune genes expression level in the
liver of infected rock bream. Ct value of each gene by real-time PCR
was compared with the corresponding Ct value in cells of fish injected

PBS.
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1 2 3 45 6 7 8

Mx 2

Mx 3

B-actin

Fig. 18. Expression of Mx1, Mx2 and Mx3 isoforms in liver cells from
to indiviual ‘fish infected” with iridovirus Lanes 1-2, PBS injection;
lanes 3-4, 1 day after. iridovirus iInjection ; lane 5-6;, 3 days after

iridovirus injection; lane*7-8, 7 days after-iridovirus -injection.
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Table 6. Viral copy number in various infected tissue(lmg) of infected

rock bream by iridovirus.

Viral copies./mg of infected tissue
Water Saggérg Spleen Head Kidney Liver
Meac G Number of viral Meac G Number of viral Meac G Nunber of viral
value particle value particle alue particle
Day 1 3174 6.12E+01 31.16 883E+01 31.81 5.85E+01
18C Day3 215 4.74E+01 3114 893E+01 31.05 948E+0L
Day 7 30.04 L79E+H02 30.78 1.I9E+02 30.56 129EHR2
Day1 3035 147E+H2 29.36 2.73EH2 2998 1.HUEH2
2T Day3 2503 4.02E+03 2874 1.ISE+03 29.11 9ASE+02
Day 7 13.65 2.55E+07 164 129E+07 18.38 9.6TEH6

Table 7. Innate immune’ response in liver cells of rock 'bream after

iridovirus injection at 25C and 18C (referenced by figure 16-17).

Water Number of viral

temperature Sampling time Gene Treatment Fold expression PCR Meac C, value particle
IL-18 396
Day 1 Cox-2 1 - 317 6.12E+01
Mx 5.76
IL-18 123
18C Day 3 Cox-2 Iridovirus 1.55 - 32.15 4.74+E+01
Mx 143
IL-1B 9.28
Day 7 Cox-2 2.83 - 30.04 1.79+E02
Mx 13.6
IL-1B 10.05+2.14
Day 1 Cox-2 6.95+3.55 - 30.35 1.47E+02
Mx 1846+ 124
IL-1B8 1477+ 552
25T Day 3 Cox-2 Iridovirus 12.96£0.17 - 25.03 4.02E+03
Mx 20.94+1.66
IL-1B 248+£1.84
Day 7 Cox2 1.74+0.49 + 13.65 255407
Mx 3.07+0.68
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5. 2. Nodavirus ¢ Zgd W& HIFAX &d 4

2

=%l Nodavirus(VNN) ¢} iridovirus & #9 A2 23} iridovirus©l
4 " =S 49 5 109 ol FFY #HAE dojuyr] Alzbsin 2§
15 A ¥= E 100%2] #HAFS EAARE | VNN virusE #49 A &%
o] B A9 F 15¢9A 7HA 10%9] HAAME Btk VNN virusE 34
T 209A 7hA] AobdE &35 9] brainge & VNN virusEs
50% ©]% PCR positive A5 e A TH(Fig. 19~20). dR]A 73S 53

HAd AolE Felsttal, dgurg A e 9 =50l iridovirusét VNN

o
i)
b
iy
=

= A9FEd AN F 3dA w9 ¥ 2AS o183 virus 7Y AFE
shelst Ay 2ukg]ls 1vlg)lE PCR pesitive , Y™ A 3k mlgl= PCR
negative A¥ 5 HAHFig. 21). HWIHES F Ao 2uly] F2S 3}
o]Fojxh 2 A7 53] Mx gened d$ VNN virus 9] target organ

== S S control groupel Hl& 100¥] AL o
, Ol AL iridevirus #S9 & 344 LELE 208 HTh
S AE =& foldgtezZ 13t Real time PCR ¥ conventional
PCR & ©] &3 o3& 2= Fig. 22. o vep At
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cumulative mortality(%)
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9 10 11 12 13 14 15 16
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Fig. 19. Cumulative mortality(%6) of rock bream(Oplegnathusfasciatus)

challenged with iridovirus and VNN.

MSSSSSSSSSD

Fig. 20. Detected of nodavirus in
brain tissue from rock bream at
20days post infection. S: Sampled

at 20 days post infection.

D: Dead fish at 15 days post infection.
M, 100-bp DNA ladder.

_48_

1kbp—p
500bp—>

Fig. 21. Detect of nodavirus
in brain tissue from to
individual fish at 3days
post infection.

M, 100-bp DNA ladder.



(A)

B-actin IL-1B gene  Cox-2 gene Mx gene

M 12 34123412 3 41234

1kbp—>
500bp ==p

HHHIECCE

(B)

140

120 A

I \ix gene
100 A == IL-1B gene
I Cox-2 gene

Compared with control

Iridovires VNN(Brain) VNN
(head kidney) (head kidney)

Fig. 22. Expression of IL-1B3, Cox-2 and Mx gene in the brain and
head kidney of infected iridovirus and VNN. (A) Agarose gel
electrophoresis of products obtained by conventional PCR. Lanes. 1,
PBS; lanes 2, iridovirus(head kidney); lanes 3, VNN (brain); lanes 4,
VNN(head kidney) (B) Real time PCR results for immune genes

expression level in the head kidney and brain of infected rock bream
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A
e

ol e} iridovirus #HFel gk oo Hbg-
7HA AtE oA of gt o]g] & mpolg| 2o Hu e Yol F &
M= obA A wlolgl 2ol tiEE ofF o ARk A wls FRT TS
e FAAE] gk A7t o 2004% =% IL-18 gene ¥ H %
%% Kosuke Zenke et al, 2008 5©°] STt wepr] B AFdgA = ETHE
E59o WAFAAAd Mx gene ¥ Cyclooxygenase-2 255 cloning
AzL5e] ofBA| WIstEAE A s
iridovirus el ola) EwolA dojups 27| HAWSS dolr ux &
Atk Mx gene ¥ Cox-2 gene & @7|A<LS v3]7] $38) Genbank ©f
sEHO e HE o ES Mx| gene¥d Cox=2 genes  H| s
conserve® o] A= ¥ = 5% 8= degernated primerS A #sle] E&
9] head kidney cellsol| 4] #2]%F total RNAE template® RT-PCRE& 3%+
A3} 559bp 9F 891bpe] productE VS & AR, o]A S sequencing 3}
of ojn] A sl e F¢ Mx gene ¥ Cox-2 gened} HluL 3}3)
S v =& homologys 7HA &= AL

Cox-2 olgt= A& SHE

ot

o1&t} o] product®= Mx gene ¥}
Atk Mx gene¥ Cox-2 geneol A
sequence™ RACE PCRE& &3l + 7l A9 AA| cDNA f7IAMLESE

N
s

olg 4= AT, EF9 HAA Mx cDNAF= 2362bp = 102bp ¢ 5-UTR
7} 1881bpe] ORF, 379bpe 3" UTRZ T+AFHo ATk =% Mx gene
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9] amino acid & XYW tripartite GTP-binding motif, dynamin family
signature ¢} leucine zipper motif 7} ¥3% o] Ut Fig ). Cox-2
cDNA& 2556bp®E 136bpe] 5° UTR ¥ 1827bpe] ORF, 729bpe] 3° UTR
2 Aol gdrt. 3 UTReE= 6709 RNA instability motifs(ATTA)
9} polyadenylation signal (AATAAA) ©] poly (A) tail ¢ 27bp 9ol 9
Z8tar At Tomo-o Ishikawa et al, oA AWetil g AS vy o
2 559 Cox-2 gene? amino acid & 2% E Z3 haem-binding
sitestT’ T WL R E H N R A) cyclooxygenase active site
(Tyr, His, Ser), N-glyeosylation site(Asn) 7} &<l ¥t} Cox enzyme
o= 27H4] 7o 5F& a7 EA8= Aol dH AU Cox-1 gene <&
constitutive <A 8F= Housekeeping gene©] A 7k Cox—-2 genes 742l
el M= BEE A & A5 A, cytokine(IL-1), Growth factors 5 2
Ap=ol] o) &ho] W ¥ = immediate early gene©]tl. E o A 8F3l Cox
gene® A% Micropogonias undulatus , Fundulus heteroclitus,
Oncorhynchus. mykiss Cox=2 gene <F ®lusldS w 90 % , 87 %
77% = homology - ElUE AS & F AR, 1o wke] Cox-1
gened} H| W3S wh-63%, 64%, 64% = Cox-2 gened} =S homoloy =
YeEtdl= AS & 5 A0tk 13 constitutive Cox-1 ¥ & &%
Cox gene®l 7% LPS Poly IC Y virus A= 3 FHdx71 wao] Q)
ow, PBS A= Al A7 wdo] WA gt olgd A& vwF

Ao A ¥El =59 Cox gened Cox-2 gene °olgtar oA & 4= U]
o A7 A= =50 559 Mx genes 1, 2, 3 o2 FE3E A
T7F W EE A (Kosuke Zenke et al, 2008). E Aol A ¥13El Mx gene
Mx 1, 2, 3 F3%2] nucleotide 3l A3} Mx 29} dAst= & &

T UAAh cloning & Fa Wl F e A AVIMEE Htgew

rlo
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559 Mx gene?} Cox-2 gene 50|42l primerg A|Ztste] WS-/ =2k

Hox=E2e Poly IIC ¢ LPS & 24h%et A=+ AlA EE9 liver,
head kidney , spleen cellsollA¢] W3S 23 A3 Mx gened 7
e ZAoA LPS Aol 98 FHdae weol FRHI S AA R
Poly IC & A=8S 4% LPS ¢ #lugS o Poly IC o o3& =4
Mx gene < control group °| H|&] 1649 , LPS o] <3 %% Mx gene
2 42 LPS group °l H]3] Poly I:C o A= 9l&] #+% ¥ Mx gene
o] 4v HAx =2 THAS HYTh o]g s ZAy=.T. Matsuyama et al.
2007 ; Y.-M. Chen et al. 2006 °l ¢} = LPS7F Al Al
< AEANAES W Mx genedrFEs FAE & e, 238 A
olafA Mx gened| @ o] AJAldvty BESE A3 xto]E Hola A
M.K. Purcell et a, 2006; Hee jae lee et al., 2007 o wZm Poly I.C
LPS ¢ 2% A%st= TLRel wetA Ae fdP=o)] Ao]& Hol7] o
IL-1B¢} Cox-2. gene®. 3% dsRNASH LPSE Agsisls o A=
A G BIGe A94E el JAAAR E A7 A3 F A
Ao s IL-18 gened} Cox-2 gene ©| L& w7 3} A vt
s g4 & F lAth

=xdd AFA FJHE FiL = ol vholgf = ] gk of Ayt
S5 A. SIWICKI et al., 1999, 20014 ™ 3lar 2+ iridovirus © o3k
cell-mediated immunity 17 <o %o d&HA AA Loh TEgA 2 A
Tolld = olglke mlolefx Fhdel ofg Ewe] WA whEo] ot

a2k ATk Viruse] A oAl <tollA HAl & F v 2=E AL
U=d L oo]9 o %7t HW virus® HAZF ZAA AU dojupA] ol
Aol Al tiE HAAdS 7HAA ge=o (M. Sano et al.,2009). 18T ¢}
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25C BAANA EFel iridovirus & #YE A F 14, 39, 794
sampling 3}¢] %90 wWE virus copy number & #2413 A3} o]glx= n}
o~ A2l 25TCAAM= Aol H# 45 7Y A spleen =2 ol A
255E+07 viral copies./mg infected tissue = 9 & 194 147E+02
viral copies./mg infected tissue ¢} W3S w HYp wE Hxg F7}
g Wk 18Tl A= AlRte] A3 dw 7Y A spleen XA oA
1.79E+02 viral copies./mg infected tissue & 14#¢} ¥ uwgS uf T
o] S HolA gkt o] AR 18CoA olg % nHiolg]x B &£x7}
,olglErtel gl BERE =L HoAE A

ole) = uole) 2 e YoiA olelx vholels Gl F EEe Hol

A
2
>
o
Ir
2
S
B
[40
)
A’
o

A HAFAA e A E LA stk Y.-M. Chen et al. 20061 A
nordavirus Zgel dolA & = 24h A Mx gene ©| =7}sttirb 394
71 =L wd s HAdga yEler giFE A7 A3 ojef e ¥
FE Holal lem, 7 o] %7t H W wirusel o3 o A HAE dojut
WA early stage immune gene® 5 Fihdte A4S HRTa AR
virus7b o Aol HeotglemA ALkl JH AR ANS FEEHEA Mx
gene ©] S7tgtthte A7 EREHZIE ST (K. Lockhart et al, 2004).
AT A= 25T A= #d F 7EA He ERE ASEA HAE
dojytom, 394 7Y =2 IdES Holurt Agto] AuwA WARKH
A= FadteE dA4S Bk oJAL Poly 1:C groupd A% A= F 1
A A MY = Es Bt A#%e =4 yErsth MK, Purcell
et al, 2004014 ol A poly LC groupd A A= T 144
anti-viral activity Y inflammatory response 7} %= %A% viruse 2%
host ¢toll A virus replication ¢ $%=7} 2oz} y7] wji-o] F groupel A
Ao zte] wgo] &= ARk whel Zpolrt yEtube Zloletar AW st
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I At} . o]# 3 A= Mx gene ¥ Cox-2 gene® -9 early stage
immune gene ©olZte 5AE 7HA L Jow, of A7t violel e o]
ARZE dojur] AlFsteE Al7]ell= oleld WY F At HofskA
innate immune response X.Ti= acquired immune response 7} Ht} £ 8
SHAl 235t Ao R AlgE oA THM.K. Purcell et al., 2004). 18ColA &=
4 74 MAE HAPE dojubA] @sten A FHate] A9 74A
7H W o]l wdHAT A2 A viral copy number 7} 57187
Al zbst= TR W wAate] wRlo] bt =& AAVE ygten o]AE
virus® HAl £=7F ol ow  ofA|7F oYz o A= WobA
o2 7HA cytokine A AI7]7F =X Fo] opd w7t ALz H XL
Kosuke Zenke et al., 2008 o~ 1}¢}lE Mx 1, 3 & detection & F9+=
specific primer & A 2}sfe] B Ao A A &gk Mx 2 primer ¢ 74 A}
43t Poly I'C A= # virus 2 9t =59 Mx 1, 2, 3 F+d2
re] Wk Zpol 5 dolr 12k s Th Kosuke Zenke et al, 2008
2 Mx 1 F8dAe] 4 $iconstitutive otA 2d st A Zoia o4

ata AATh B BiAD Poly IC ol o8 =8 Mx 1,2 3 o wd

¢

e = As & 7F v olHe 24 w4 Mx 1, 2, 3 %9 7]

A 24 A =5 AT sojok duan AZE o XY Seung Ju
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Cha et al, 2007 Z%94 VNN virus7} g 5o] ztta 7|& o4
Iridovirus + DNA virus ©]#%F VNN virus + RNA virus = DNA
virus ¢k RNA virus 7Fe] W32 A xfo] &} Z5o dojA #H A4 9
z}ol S Kol iridovirus € VNN virusg ©]&3te] F virus 7ol oA
ghg-oll thefA EASjE A Atk VNN & Q19174
1544 74A 10% #HAFS Eow, 7d § 2094 A Holdle =
brain & &a4 VNN virus &2/ A3 50% ©]/% VNN virus 7} 4Folg)
T EwolA AT PCR & &3 VNN virus 8 A3 50% o]
positive & YWEF7] wdEe] VNNS 93 AN E5S 209 o] 45
dom HAZE dold Fleoletar o Fw A vk iridovirus oFe] WA A

l

olE Elst7) wWZol] A E-FT 209H AolSl= =5 brain 3] VNN
virusg SAsFSTh ol @t dnujAF S el HAAdY AolE & F UM
o %9 iridovirus®k VNN = #A AlXl $ 394 == & brain 3

head kidney, & ©¢|&3lo] HIFHAE EASAT virus #E $ 3UA
vk d E4 e A= virus # Y o] F8 PCR 23 VNN & #dA2 =
= 2vtg]E 1vtg] = PCR positive A3E HIOHW Yz 3 nig =
negative 235 UEth A A 242 2vkd] 245 RF el
olFo ¥, HARFHAAe] Hd EAZAI IL-18 gene ¥ Cox-2 gene®
4% iridovirus¢t @l dolA zolE #FE T 5 AAW VNN
virusE #AAZ 59 braing F3 Mx gene o WdS F2d3% A}
iridovirus Xt} 5 o] e H& IS BT & AFolA= od
A8 asymptomatic carrier A EjEtal AHIAA o] Aol yEY=
o7} Mx gene ¥ 22 AHAE FHAAe] w2 wdd o3t Aolgal
AW 3tar ot (L. Poisa-Beiro et al, 2008). K. Lockhart et al., o] w2
W IPN virus o W3l carrier staged] A+ FAMEo]9 A9 IPN virus
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o] g3 =S WA &= PBS group ®+ normal group & HE S

1T 2 HeES uw A=FS WS experiment groupe WA wEE Crp

& gk eluw wwe 7

sample 7}t} B-actin gene 9 #S H ATV wlio] o] mRNA o

>
=
["_8{.'4
ol
o
_>|4_,
o
il
oX,
uis)
ro
el
_>|i
fru

oS W = ezt 91, standard curves 7} L al7] olr A
o fFAx o) fold #hel W 3}7} calibration. 3} control
group o Yd&llAl AAHEE EAES 7FAAL A TH(Kenneth ' J. Livak et
al, 2001). ¥ ATolA Abgsk= AbMe] lelA control group °©l 7H
o3 942 2837 Wi control group © oA AA e e,
7, Adste =T A= e S Lok dEAHE EAVE AR
T A= FA g2 ke o E59
liver cells & ¥#g|sto} 5ukEle] Ht S #F5k9] control grouplZ AME-3}
% th. Conventional PCR ¢ % 30 cycles® 33 W control ¥ =}
S & sampleoll A 22 9] product’} o H . 184 Scapigliati et
al., 200114 AH3t= WHS F3 cycle & 30cyclesol A 27cycles

=
A gl Ay =S Al71A] &= groupde] AolE Sl @

kil

= A7e wus olEske A8 s W A5=Hd} vires 94
A &8ttt Real time PCR & A}
g

&3te] group 7+l Cr value #tolol efsir Agst A= wdFS &
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V.8 %

A2l Mx gene ¥} Cyclooxygenase—2

[e)
o
AAE4 cloning 3t o5 WY #d FHAEC] €A WEE=A

my o

FA5te] HAXRFE A iridovirus el 98] E&olA dojveE %
7] WeHtgS dolr iz skt WA AZE dEA = Poly IIC <
LPSE =% ATAA A48 22S T3 49 F21A9 ¢S #7 &

Atk Mx29 2% LPS Bt} Poly LColl 9alA -t ®ol & HUyE AL
ok = A2t} Sachun type IVS-1 3} SAlo] HALA 9} brainC. ZHE £
2l¥ VNN virus & AF-83}e] real time PCR¥ conventional PCR < &
A WAL S BAE A jridovirusd A =59 #HAE dojupr)
T HEHE "HAFHAY walo] #AFHUSH, VNN &
= HALE A dojubA| figkow HHE #AHEFA

& 2o AL oA} Viruse) replication %9 Mx gene 4%}t
Aoy FAAAL-1B, Cox-2) o TAAAE dotr7] fsid WA 1
8T, 25T ZHAA virus F2H2HES HAAAT. 2 A3} 25ToA 74
T 7dAFE  HAE dojur] A&t al, spleen 232& o] &g copy
number #4] A3}  2.55E+07 viral copies/mg of infected tissue & UE}
worn, 18CoAM= #E 5 744 744 #HAbs dojuA Fkon,
spleen 23S o] &3l copy number 4] A3 1.79 E+02 viral copies/mg

of infected tissue® virus ¢ A7} HH3] dojyx= AL elsgdr).
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