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Cloning and Expression of the Cyclooxygenase-2 gene
in the Rock bream, Oplegnathusfasciatus
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Megalocytivirus is a major fish pathogen in marine aquaculture of Asian countries including Korea. Despite of
many species affected by this pathogen, little is known interaction between megalocytivirus and the fish immune
system. One of the cyclooxygenase isoforms, named COX-2, is playing an important role in immune regulation, and
distinct from COX-1 isoform of constitutive activity. COX-2 enzyme is induced by various inflammatory signals,
including injection of lipopolysaccharide or infection by pathogenic agents. We cloned COX-2 gene in rock bream
using degenerated primers designed from reported sequences of other fish species in PCR followed with 5'- and 3'-end
RACE-PCR. The full length of cDNA of tbCOX2 (rock bream COX-2) gene are 2655 bp and that translates into
609 amino acids. The rbCOX-2 genomic organization are found to span 10 exons separated by 9 introns. We also
studied if the experimental infection of rock bream with megalocytivirus could affect the expression of COX-2 gene.
When injected with LPS, expression of the COX-2 gene was reached peak level at 1 day post injection and showed
13.10 fold increased level compared with that of control. While, when injected with megalocytivirus, we were not
able to find significantly increased COX-2 gene expression different from that of control. Cloned and analyzed COX-2
gene in rock 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 of viral infection.

Key words : COX-2, Rock bream, LPS, Megalocytivirus
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splice variant® frame shift mutation © 2 213} AJA
COX-1b "= COX-1 variant (COX-1v)2}al E8]7|%=
31C} (Chandrasekharan ef al., 2002). 7]E2 02 Algt
o] 7% COX-13} COX-2+= ofmjichle] Az oF
60-65% U=|5hH FA0] TS vl 2o = o
A Sk et geEY T ARl
growth factor, cytokines ~12] ! endotoxine 51} 7+
A% UEA] ofshA] TAo] EHE inducibl
enzyme?] COX2 §AHE $4 414 Btk B
ThjuAaE 5 e 22 A A o= Zafis)
+= constitutive enzyme ! COX-1 enzyme¥-= ¥ ¥
L It} (Francesco et al., 2005). o]FoA= FHZE
rainbow trout, Onchorhynchus mykiss 2} brook trout,
Salvelinus fontinalis, Atlantic croaker, Micropogonias
undulatus, mummichog, Fundulus heteroclitus, zebrafish,
Danio  rerio, longhorn  sculpin,
octodecemspinosus 5 BE o] 20]| 4 COX-17} COX-2
A S AL, COX-2 ARk 29 At 2
o] AFHke= Ak FAIARIAL Hars s Qlok
(Ishikawa and Herschman, 2007; Roberts et al., 2000;
Havird et al., 2008; Choe et al., 2006).
Megalocytivirus= 7 A|A|4. 02 2 4010
Z Yo L o, sEluRlolds 5 9 EA
I} ool s} FAFem F EHE o] AP
3L Qlek A9 @A) megalocytivirus ZFg o] thgt
A gRolut e el Agolct. Megalocytivirus
AR ool AmRE A7 il vt
ol AR A o] theh ARt ofuet o] gt of
7] Wol AARRA = oA At ofoF gt FAY
Ul A vl Fagh oFAlolRe g F1l B
O] HAFHAA}e] TRt R Mx 7414} (Zenke and
Kim, 2009), TNF-a. -84} (Kim ef al., 2009)°f st

QA7 o] Hirgo] GOk, o] Wt g Ao

Myoxocephalus

gt Jue 753 Aot

), megalocytivirus 7+ A
COX-2 ¢ARte] 27|We] WhSof ZA} 313iut:

Mz H

Ry o] SAIZE UEA] e 273t 56

[e]
g B A B, Oplegnathus fasciatus-2 7 A| 2

COX-2 F&A9] cloning

LPS (Escherichia coli O127:B8 lipopolysaccharide,
Sigma-Aldrich, USA)E 500 ug/mLo] s 2 Y=
3 o kel 100 uLA) BFARle] 24012 B2
A=ZAZ] 559 7F 2418 ARE51o] TRIzol Reagent
(Invitrogen)2- ©]-8-5Fof A|zAke] Ry o wh total
RNAE #2519l 2E 1 pgel total RNAE
Moloney murine leukemia virus reverse transcriptase 2}
oligo-dT primerE- ]85} 42T A] 45 E1F BEEA]
# cDNAZ A5kt

Oncorhynchus — mykiss ~ (AJ238307),  Salvelinus
fontinalis (AF158373) ZL&] 3L Micropogonias undulatus
(AB292357)9] COX-2 §-AR}e] H7| LS v]us}
o] FrARRE H-91o]| primer (dgpCOX2 F, dgpCOX2 R)E
A|2F5FRA AL (Table 1), SH] ¥ cDNAE template =
3Fo] PCR3}FSICE PCR AYAE2 TOPO-TA vector
(Invitrogen)o]] 4+43}al, competent cell (E. coli, DH-5
a)©]| transformation A|F T} vl|F & plasmid DNAE
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Table 1. Primer used in this study

21

Oligonucleotide sequence

Gene Name S to 3) Object
dgpCOX2 F acccaccagttcttcaaatc . .
COX-2 For partial cDNA cloning
dgpCOX2 R ctgtaggcgttgaggoactg
5' tbCOX2 st gaagtgatatccgcetcaggtgctgcacgtag
5' tbCOX2 2nd aagcggtgagagtcaggaacatgagga
COX-2 e For full length of gene
3' 1bCOX2 st ggctcttccagacctcacggetcattetg
3' tbCOX2 2nd gtcccaggacctatcatgtacgtggecate
bCOX2 UTR F aacagcgaagegacacaact . .
COX-2 For genomic walking
COX2 UTR R caagccaatacacagcctca
. rbB-actin F cagggagaagatgacccaga
Fractin bB-actin R tagat tatat
rbB-actin catagatgggcac
YCOX2 F i tggg . tgtg £ For quantitative PCR
1] acc agtcgttcacc
COX2 g1ggagicg
bCOX2 R catggagaatcgcttcctgt

E2]3}al Big Dye Terminator Cycle DNA Sequencing
Kit (ABI PRISM, PE Applied Biosystems, Foster City,
CA, USA)2} automatic sequencerE ©]-8-310] J7] 4]
SRS

59} 3-ends®] @7|AEL GeneRacer™ Kit
(Invitrogen) S o]-85t] Al=AR] WRof wheh
RACE-PCR-& 4=3J5}31, 1 AYAIE-S cloningdlo] A
AD71K B2 AT DNA H7]A 3 o]l
A& BioEdit program (Ver. 7.0.6, USA)-Z ©]-8-5}o]
REE

Clustal W program (European Molecular Biology
Laboratory)& ©]-85}0] A2|oF A7| 482 MEGA4
program (Ver. 4.1, USA)& ©]-8-5}] Phylogenetic tree

2 w5 vmalgk

Genomic COX-2 f-AA+9] cloning
Genomic DNA E&]E 93] & 7+ %3 ¢F 10

mgS AccuPrep® Genomic DNA Extraction Kit

(Bioneer, Korea) A4k el ket A1g-5o]
skl

RACE PCRE E3f 8131 =5 COX-2 cDNAQ] 5°¢}
3'-ends untranslated region (UTR)o]] Z}Z: specific
primer (tbCOX2 UTR F, tbhCOX2 UTR R)E A|2l5}5
T} (Table 1). 223t 559 genomic total DNAE:
template 2 3}o] PCRE& 33t § 1 AWAES
cloning3}al H7|AEL w48, 5 COX-2 £+

2] genomic DNA Q7|A &L AA3}HIT]

SECOX2 $47] LAY

=5 FAoA9 leukocyter-2]= Graham er al.
(1988)2] HFHo]l whe} percoll-&- o] &3to] Hajaigick
E2]5} leukocyte= 24 well plateo]] 10° cellsmL ==
B3k 5 25°Col| A 3AI7F ujoFslsich. 21 3 LPS
(50 ug/mL) 9 Ew=oflAl 2] megalocytivirus <1
IVS-1 (I mg/mL) (Jeong ef al., 2003)E HZ3}9 1L,
ool A azufok vjx|el L-15 & HESHc %
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% 6A|7F 3 leukocyteof| 4] RNAS H2]31%1 3L cDNA

3o] Ao EZof LPS (500 pg/mL),
megalocytivirus IVS-1 (10 mg/mL) 18|31 T 27L=2
phosphate-buffered saline (PBS, pH 7.4)E 2} I5H=
S5 2 0l 100 1L 4 At AL 12
39l Tej5 7ee] 2t 2% 3 3wkl Ffsted ol
A total RNAS E-2)5}31, oligo-dT primerE ©]-85}¢]
total cONAE- S5} COX-2 4RSS
B3] &5t gPCR-E Rotor-Gene™ 6000 (Corbett
Research, AUS)Z ©]-23}4t) 0.2 mL microtube©f)
SensiMixPlus SYBR (Quantace, USA) 10 uL, 1 uM <]
Z}Z}9] primer, template DNAZA] ¢DNAE #7}3t
® =227 PCR &3Hs #= volume©| 20 pL7}
=4 3k3ick qPCRE] 272 95 Cof|A] 1057 HRS-
3t & 95C 10%, 55C 15%, 72TC 20%9 ¥He-&
1 cycle= 3}o] 40 cyclesE HFSAIATE BFAE cycle
o= BE BRSO B tislo] 72CHE 95C x| <]
o]l A melting curve 242 AAISEITE AR
SHRFeR Sto] Bactind} Z5COX-2 F414F
|0 w2 Ao e % HAols}
ofof dieh Jdid T Allshs -AACt
methods 2 F-A13}4t} (Livak and Schmittgen, 2001).
el Ak thea Pk

1o rlo o%2 -10i'

o

ACt = COX-2 gene Ct - [B-actin Ct
AACt = ACt 1vs.1 o tps - ACt s

Gene expression = E-24Ct

0]7]o| 4] Cti= threshold cycleS oJm|a}m, E=
PCR 9] efficacyo|m 1.98 o]5}2] efficacy = LHEHH
sample-> ARE-SFA] kot

N

oy
08
nx
oA
ro
|_|-|

A
10| ZA A 2]+ Statistical Package for the Social

Science (SPSS, Ver. 12.0)& ARE-5to] AAto|e} 7+
o] 7o) L-2Jx}5 One-way ANOVA testS A5}
SOA3S AABIAL P-value7} 0.05 o]5ke] AL &
ofgt gro= Lepyoic,

2 1

= COX-2 cDNAY] cloning?} 344 EA 24

LPSZ 2H3AJ7] B8] 7k 2o Helat RNA
&} o]ido]l Bl COX-2 7dAe] conserved 517
A A¥st primer (dgpCOX-2 F, dgpCOX-2 R)E ARE5}od
PCRE =345}tk 1 A} 785 bp2] productE B
4 919100, Q71N A Falo] thE oj5o
COX-2 AR} =2 FAEE B el 4=
olojck wheba] 785 bpe] fragment = COX-2 9L
Tt A7 ER s, A A7IMES 27k ] ¢

3f 5° & 3'RACE- PCRS =33+ A1} & 2655 bp2]

COX-2 SAR}F AA| G7|-ge 2AS 4= Tk
EECOX-2 FHARs FEF 2R 125 bpol 5°

UTRZ} 703 bp2] 3' UTR 1&]aL 1827 bp Open reading
frame (ORF) 22 FA%|o] QIQIct (Fig. 1). E3FCOX
A4 S0l 02 LRz 27]0] hem-binding
sites (Val-Ala-Lys-Gly-His; Thr-Ile-Trp-Leu-Arg-Glu-
His-Asn-Arg-Ala)Q} 7|54 0 2 £ Q3} ofu| Akl
N-glycosylation site (Asn-56, 133, 399), cyclooxygenase
active site (Tyr-374, His-377, Ser-519), Z12] 1L peroxidase
activity site (Gln-192, His-196)E 2HQ1& 4= 3J3ich
F3F COX-13} COX2 F-HAE F-E38= ofu] At
o] Arg-5021} Val-5122 £5}o] H oI5LofA] vt
FAAZE COX-2 = BRIg = QLo Ol% rock
bream COX-2 (rbCOX-2) 2R} W34
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GGACACTGACATGGACTGAAGGAGTAGAAATTCAAACT CCGAGCCTCAGAGCGACGCAGCTGCGGAGGAAAAGGAGAGGAGAGAGAGAAG
GAAAGAACAAGAAGATCTGACAAAGT CTTTGGAGTATGAACAGACTCACACTTGCGGTTTCCCTCTTGGCACTGGGTTTTCTTGTCTGCG
M NRLTLAVSLLALGEFTLWVC

AAGCTGGTAAGTAGAGAAAACAGAAGATTATT TCTGACAGCTCAACCAGAAGTCTTACAAGT TCGGTTTTGGGTGTCTAAAGTTTTATTT
E A

TCGTTTTTGTATTTTTATTATTTTTGCAGGCTGTCTTTATATCTTATGGCTTAGAGATTTATTATATTATAAGGAATATTGTAGTGTTCT
GGGGTGATATTTTCAATGATATTTTGAGGATTTTCTAACAGATTTGTGTTGGTATCTGAAGTGATTCCTCAGTAACCGCCCAACATTGTC
TGTCACAGGTAACCCATGT TGCTCAGACCCGT GCCAGAACAAGGGCGTTTGCACAGCACTTGGAACAGATAATTATGAGTGCGATTGCAC

GNPCCSDPCQNHKG GV CTALGTUDNYETCDTCT

ACGCACAGGATATTATGGACAAAACTGCACAACACGTAAGTATGAATGGCACACGT GAGGTGAAGATAAAATCAGGATAGTATGTGTTGT
RTGY Y Gaw~¥CTT

GGTGATTTGTTCAGTAATTAATTCCCCCTCTTGGACTT TACAGCTGAATTCCTCACCTGGGT CAAAATCTCCCTGAAGCCATCGCCCAAC
PEFLTWVHKISLZKPSPN

ACGGTCCACTACCTTCTCACCCACTTCAAGGGCTTCTGGAACAT CATCAACAACATCTCATTTCTCAGGGATGCCATCATGAGATATGTG
TVHYLLTHFKGFWNI I NNISFLRDAI MRYYV

CTGACATGTAAGTGTCTCTAGCTGAAGGCAAAGTGAGAAGATGGGTTGGAAACTGCCTCATAACACATCAAATAATTTGTACAGCAGGTT
LT

GTAGAGAAGTGGT TGTGGCATTCGTACTAATAATGAAATGCTTTTTTTTCTCTCCAGCCCGATCCCACTTGATTGATAGTCCTCCAACTT
SRSHL I DSPPT

TCAATGCGGATTATGGTTACAAAAGC TGGGAAGCCTAT TCCAACCTTTCCTACTATACGCGCACCCTCCCCCCTGTGGCAGAGGAT TGCC
FNADYGYKSWEAYSAN¥LSYYTRTLPPVAETSDTC

CAACCCCTATGGGAGTAGT AGGTGAGTACTCTCTCTCTCTCTCTACGACT TTGGAGAACCAGTTTTCTCAGATTCTTTAATACTGAGCAA
P TPMGVYV

CCATGGCTCGGCCTCATTACATCACGGGAAGTGCACACATTGAAATGATCCCTTCTGCTGGAT TGACAGGGAAATGTGCTGAAGGAACGC
CGCAAAACCTGCCTCAGCAAGCCAAAACTAAAGAACATGAAACCTTTTTTTTCCCAATTTGTGTCTCAGGAATT TACAATGAAAGT TAAC
CTCAGTCATAGCCTTTCCTACAAGTAAAATCAATCACGTTAATGTGTTGTATCCAAATTAAACTGGCT TGTCCTGTATGCTCACTGTAAT
GTTCTTAATTGTTTCCTCAGGTAAAAAGGAGC TACCTGACGCTAAGATACTGGCCGAGAAGCTTCTGATGAGAAGACAGT TTATCCCGGA

GKKELPDAKI LAEKLLMRRQQF I PD

CCCCCAGGGAACAAGTCTGATGTTTGCGTTCTTCGCACAGCATTTCACCCACCAGTTCTTCAAATCTGATATGAAGAAAGGACCTGCTTT
PQGTSLMFAFFAGHFTHQFFKSDMEKTEKTEGTPATF

TACCGT TGCTAAAGGTCACGGGBTAAGCACAGCAGAT T TCAAGCCCCATCAGATTT TGGTCGGBAMGTGAGACAAAGAATCGTTTGTTA
T a

AAAATACAGCATGTGCTCATGGTGTTGTTTCTGCTTCCAGGTGGACCTCAACCACATTTATGGAGACAGCCTGGAGAGGCAGCACAAGCT
VDODLNHI Y GDSLERTU GHIEKIL

CAGACTCTTAAAGGACGGCAAGCTTAAATATCAGGTATGAGAAGAGACAGATGT TCAGCAGT TTAAACAGCCAAATGCTTCAGACCACAC
RLLKDGE KTLIKYS

AAGTGTCTAACGGTTGCTTTCCTCTCTTGCATAACTCTGCAGAT CCTGGATGGAGAGGTGTACCCCCCAACAGTAAAGGAAGTGGGCGTT
I LDGEVYPPTVEKEVGV

GACATGCACTACCCTCCTCATGTTCCTGACTCTCACCGCTTCGCTGTGGGCCACGAGGCCTTCGGCCTGGTCCCCGGCCTGATGATGTAC
DMHYPPHVPDSHRFAVGHEAFGLUVPGLMMY

GCCACCATCTGGCTACGGGAACACAACCGGGCGTGTGACGTGCT GAAGGAGGTCCACCCTGACTGGGACGACGAAAGGCTCTTCCAGACC
AT 1T WL REHNRA|CDVLKEVHPDWDDERLTFR® QT

TCACGGCTCATTCTGATTGGTGAGT TTACAAGATTCTGACAACTGCACAAAACTTTTGAAAACATTTGCTCTATTGTATTTGCTGGGAAA
SR L I L

ATAAAGTAAAATAATGACAAGAGAGCCAAATAGT TACCATGGGAGT TATGAAAAGAGGAAGT TGTACTTTTTATTTCTGTAATCAGCTAC
TAGCAACCGTATTGCACACTGCAGATCATTTGAGCTCTACTGTGAGAAACAGGATT TACTGACTGATGTGAGAAAGAGGAAATGTTTGAC
TTCACTGCCTGACGTCAAACTACTACAGCCAAAACAATCTAAAGATCCCCTCCACACATGTTTTAAGACATATGAAATACACTGCTTGAA
TAATAATTTGCGTCTGATATTGATTTTCCACAAAAAAGCAAACTACT TAAAAATTTTTAAAACTAAATGTACTTCTTCTCACTCGT TGAA
AAATACAGAATCTTTATTCAAAAGTT TAATTGCTGGACACAAGAAGTCTCCTAATTCACTAAACAGTTTATTCTCAATGTATGTGAACTT

Fig. 1. Continued.
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TAAACATCTATAATATCTGCATTACATAAAATATTTGATCATTTGTCCTGCAGGAGAGACCATCAAGATCGTGA TCGAGGACTACGTGCA
GET I K I VI EDYWVaQ

GCACCTGAGCGGATATCACTTCAAGCTCAAGT TTGACCCCGAGCTGCTCT TCAACCAGCGCT TCCAGT ACCAGAACCGCATTGCGTCCGA
HLSGYHFHKLKFDPELLFNOGRFOQYQNRI ASE

GTTCAACACCCTGTACCACTGGCACCCGCTGATGCCTGATTCTT TCCACGTTGAGGAGCAGGATTACAGCTATAAACAGT TTGTCTTCAA
FNTL YHWAHPLMPDSTFHVYETEOQDYSYKU QFVF W#

CACCTCTGTGGTGACCGAGCACGGCATCAGCAACCTTGTGGAGT CGTTCACCAACCAGATCGCTGGACGGGTAAGAGCTGTTTGAGCTGT
T SVYVTEHGI SNLVYESFTNGI AGR

CGTAGCAGCACTTAGATTCAGATTGTGACACCAGTGT TGCTTTAAGGCTGATTTACTGACTTCCCATTCATTTCTTTTTAGGT TGCAGGT
vV A G

GGCCGAAATGTCCCAGGACCTATCATGTACGT GGCCATCAAGTCTATTGAAAACAGCCGACAGATGCGCTACCAGTCTCTGAACGCCTAC

GRNVPGPIMYVAIKSI ENSRQGGMRYQSLNAY

AGGAAGCGATTCTCCATGAAGCCCTACAGTTCTTTTGAAGACAT GACAGGTGAGACGAAGTCAAGATCATTCACAAAGCCTAATACTTGC
RKRFSMHKPYSSFEDMT

AGGTGGAAAGGATGACGGCAGGAGAT TAGTGAAGATGT TATTATCAACATGAAATGAAAGGAAATGTTGCCTCAGGCCAAATTATAGTTG
CATTATTGATAGCATTGTTATGAGCTGAT TGCAGGAAT TAAAAAACACACCCAGCT GCCACAGATCAAAGCTTGTGTCATAGATTACTTA
TTACTAAGGAAATGGTTTGGACTCAGCTCTAGTCCCCCAGCAGCTTTGGAGGT TAGGAATTTATTTCCGTGACTCTTAAAGACCAGGTGT
TCACTTCGTCTTGAGACAGTGTAAGCAGATTGTCATCACAGAGAGCAAGACATAAACAGACAAGAGAGGCCTCCTGCTTCAGAGGAGAAG
ATTTAAATTTCGCAAGATAAGAGGAT TTAATATCAAAAACTAACTGTGATGTATGT ATGAGGAGAGGGAAATATCAGTGTGTGTGTGTGT
GTGCTTGTAAGAGAGACAT GAATGAGAAGGAAGTGAAGACAGAAAGAGATCATTTTTTATCTACCATT TGCTGGATTTGAATCAGTCAAA
ACACAGAGCTCATATTTAGACTAGCAGCAAGC TTTGCAGCTGCT GAGCCAGCAAGAGAAGCCAGATTGAGGCGC TAACCAAAACTATTTC
CTCCTCTGTGTTACTCACGAGAGAAAGAAATGGCCGCAGTACTCGAGGAGATGTACGGACACATCGACGCTGTGGAGCTCTACCCGGGTC
GEKEMAAYVLEEMYGH I DAVELYFPSG

TGCTGGTGGAGAAACCCAGGCCTAACGCCATCTTTGGGGAGACCATGGTGGAGATGGGGGCCCCTTTCTCCCTCAAGGGCTTAATGGGAA
LLYEKPARPNAIFGETMVEMSGAPFSLIKGLMG

ACCCCATCTGCTCCCCGGAGTACTGGAAGCCCAGCACATTCGGAGGCAGCGTGGGC TTCGACATCGTCAACACCGCCTCCCTGCAGAGGC
NP I CSPEYWKPSTFGGSVGFDI VNTASLA OGR

TCGTCTGCAATAACGTCCGCGGCCCCTGTCCCGTGGCATCCTTTCATGTGCCCGACGT TAAAGACACGGGCTCCATGATCATCAACTCAA
LVvVCNNVRGPCPVASFHVYPDVKDTGSMI I NS

GCACGTCCCACTCGCGCAGCAGTGATATCAACCCCACAGTCATT TTGAAAGAAAGGACTACT GAGCTTTAATTTTGTTTTATTTCCTTAG
S TSHSRSSD I NPTV I LKERTTETL =

GITCTTTTTTAATATATGTATTTATTTATTTATTTATTTTTGTATTTATTGTCCCATATTTATAACAT AACATGAGAAAGTGCAACACAG
AGTTTTTTTTATATGTAATTTTGTATGTTTTTGCCTGATTATCGAACAAAAGTCTGTGGTTGTGTTTATTTATTGAAAGATTGTTATTAT
AAGTTATTGTTCCAGTAATGACCTCAGTCACT GCAACT TGATACTTGAAGGTTGGT TTATAGTTTCAACTGCATAGTAGCGTACATTACA
CTTCTAATGTAAAATTATGTTCATTCAATTGTGCGGCTGCCCCAGTGCACCACAGAGATCTGTTTTGCAGACAGCGATTCAGTAGCACAT
CAGTAGTAATGTTCACAGT GAACTTAACGACTGATCTCTTGATCTAATGTAACACACAGCAAAGTGCATTCCTGTTTCAGTATTGTTCTA
CTGATGTTTTTTCTTCTTGAGGCTGTGTATTGGCTTGGGTAATT TGAAATGACATGAATAACCCTGAGTTTAAGCTGCACTGTTGTTTAA
AACTGTACTGTTGTTCTGTAGAAATTGTATCATTCAGT TATATAGGCT TAACAAAGCCATGCAGTTTCTTAGTTTTGTTCTCAATGCCTA
TTGACT TGCAAGGTTGACACTAATAAATGCTACCAGAAAATGGAACGCGTTTCT 5094
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Fig. 1. Compiled full-length of rock bream COX-2 gene sequence. Exon regions underlined are
derived from the cDNA sequence. Start/stop codons and the splicing motifs (GT/AG) are gray
boxes. The two domains that the hem-binding sites are empty boxes. Functionally important amino
acids are indicated italic; cyclooxygenase active site (Tyr-374, His-377, Ser-519), the N-glycosylation

site (Asn-56, 133 and 399) and peroxidase activity (Gln-192 and His-196).
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GenBank o] 5-Z3}1t} (Accession number, FI952157). phylogenetic tree S 3] ThE o]FEE7}0] G414
£ A} o}ROIAS] COX2 ol A Hlm  A2iS Sl 4 Yo, COX-17}COX29] et

of| A tbCOX-2+= Atlantic croaker COX-22} 94.4%2] gt o] 7hsskeitt (Fig. 3).
FAHEE Wol 7P fALSHAT (Fig. 2). E3F

redseabream CSLVC--RAGE (ee
rockbream
Atlantic croaker
murmicheg
rainbow trout
Atlantic hagfish

@ 0 W e
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redseabream
rockbream
Atlantic croaker
murmichog
rainbow trout
Atlantic hagfish

redseabream
rockbream
Atlantic croaker
murmichog
rainbow trout
Atlantic hagfish :

redseabream
rockbream
Atlantic croaker
mumrmichog
rainbow trout
Atlantiec hagfish

redseabream
rockbream H
Atlantic croaker :
murm hog B
rainbow trout
atlantic hagfish :

redseabream
rockbream E
Atlantic croaker :
murmichog

rainbow trout E
Atlantic hagfish :

redseabream 608

rockbream H 608
Atlantic croaker : 608
munmichog 610
rainbow trout E 607
Atlantic hagfish : 610

Fig. 2. Multiple amino acid sequence alignment of different COX-2 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 COX-2 genes are as
follows : red sea bream, HM453866; Atlantic croaker COX-2, AB292358; mummichog COX-2, AY532639;
rainbow trout COX-2, NM 001124348; Atlantic hagfish COX-2, EU703785.
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Atlantic croaker COX2 -
hCOX2
sculpin COX-2b
red seabream COX2
mnmmichog COX2
rainbow trout COX2
zebrafish COX-2a
human COX-2
4':%% CoxX2
Atlantic hagfish COX-2

spiny dogfish COX
human COX1

- Cyclooxygenase-2

)L

sculpin COX-1a
— rainbow trout COX-1

L Atlantic salmon COX-1 — Cyclooxygenase-1

zebrafish COX1

mnmmichog COX1b
Atlantic croaker COX-1
sculpin COX-1b

IT

Fig. 3. 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 : Atlantic croaker COX-2,
AB292358; red sea bream COX-2, HM453866; 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-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
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LPS 1VS-1

Fig. 4. Expression level of the COX-2 gene in rock bream
leukocyte relative to controls after LPS or IVS-1 exposure
in vitro. Rock bream leukocytes were isolated from head
kidney using percoll, cultured at 25°C for 3hrs and stimulated
with LPS (50 pg/mL) or IVS-1 (1 mg/mL) for 6hrs at
25°C. The data are normalized relative to the expression
of (B-actin and analysed using the -AACt method. *Depicts
statistical significance between challenged fish versus
control fish (P < 0.05).
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Fig. 5. Expression level of the COX-2 gene in rock bream
relative to controls. after LPS or IVS-1 injection in vivo.
Nine fish in a group were injected with 500 ug of LPS
or 1 mg of IVS-1 in 100 uL of PBS and control group
was injected with PBS only. After 1, 3, and 7 days 3 fish
from each group was sacrificed and liver was aseptically
collected for RT-qPCR. The data are normalized relative
to the expression of (3-actin and analysed using the -AACt
method. "Depicts statistical significance between challenged
fish versus control fish (P < 0.05).
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