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Abstract: Nitric oxide ( NO) is a highly reactive, labile gas produced by the enzymatic conversion of L —
arginine by nitric oxide synthases NOS. In mammals, NO mediates multiple physiological processes from
cardiovascular control to neural transmission. Three NOS isof orms neuronal, inducible and endothelial have been
cloned, sequenced and characterized from several mammalian species. nNOS isoforms were characterized from
adult grouper ( Epinephelus coioides) by using RT— PCR with degenerate oligonucleotide primers designed against
a portion of the mammalian NOS gene that codes for the calmodulin — binding region, this region was chosen
because it is highly conserved among NOS sequences to date and is a functionally important region of NOS
proteins. A partial gene sequence of 377 bp corresponding to mammalian nNOS is obtained. This sequence
showed 82% — 83%, 8% — 93% homogeneity with that of mammalian and the other fish respectively. The
deduced amino acid of E. wioides show s high identity with that of mammalian (92% — 93%), and the other fish
(B% - 99% ). Phylogenetic analysis of these sequences confirms the conserved nature of NOS, particularly of
the calmodulin— binding domains.
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( Epine helus coioides) , > ) >

(NOS) s NOS
1
1.1
1.1.1
1.1.2
(E. coli) DH51

1.1.3

Trizol Reagent total RNA isolation Reagent SuperscriptTM First— Strand Synthesis System for RT- PCR Kit ~ GIBcoBRL

; EX TaqE TaKaRa pGEM — T easy vector systems  Promega E.Z.N.A. Gel

Extraction Kit E.Z.N. A. Plasmid Miniprep Kit ~ Omega

1.2
1.2.1 RNA
R 100 Hg s DEPC s Trizol
RNA s , —-87T
1.2.2 RT- PCR NOS 377bp cDNA
NOS s

’

Pl: 5 GGYTGGTACATGRGCACYGAGATYGG 3; P2: 3 CCNGTBITYCAYCAGGAGATG 3

P3: 5 GGRTCNCCRTTSCCAAAKGT 3 P4: 5 AAGGCRCARAASTGDGGRTA 3
P1 P4 NOS ;P2 P3 PCR
Superscript ™ First— Strand Synthesis Sistem for RT— PCR kit cDNA R
PCR PCR EX TaqE 55C, Biometm PCR
PCR S 4 C
1.2.3 NOS 377hp
PCR E.Z.N. A. Gel Extraction Kit ,  PGEM- T Easy Vector s DHa,
E.Z.N.A. Plasmid M iniprep Kit DNA EcoRI
1.2.4 DNA
1.2.5 NOS
NOS GenBank, Clugal 1.5
2
2.1 RT- PCR NOS 377bp ¢cDNA
RNA cDNA , Pl P4 P2 P3 PCR, 377bp  NOS
cDNA RT- PCR T- easy s DH5a, s
NOS cDNA S 1
2.2
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1 2 CCTGTTTTTCATCAGGAGATGCTCAACTACCGCCTCACTCCTTCCTTTGAGYAC
P VFHQEMLNYRLTPSTFEY
CAGCCTGATCCTTGGAATACCCACGTGTGGAAAGGAGTCAATGGGACGCCCACA
QPDPWNTHVWEKGVYNGTEPT
AAGAAAAGAGCTATTGGATTCAAGAAGCTTGCCAAGGCTGTGAAGTTCTCGGCC
K KRAIGFEFKKTILAKAVEKTFSA
AAGCTCATGGGCCAGGCCATGGCCAAGAGGGTGAAAGCCACCATACTGTTTGCC

100bp Thp KLMGOQAMAKRVYIKATILEFA
Hibp ACAGAGACAGGCAAATCGCAAGATTATGCCAAAACTCTGTGTGAAATCTTCAAG
200bp TETGKSQDVYAKTLCEIFEK

CACGCTTTTGACGCAAAGGTCATGTCAATGGATGAATATGATGTGGTGGACCTG

HAFDAKYMSMDEYDVYVDL

GAGCATGAGACACTGGTCTTGGTGGTGACCAGCACATTTGGGAACGGC GATCC
EHETLVLYVTSTTFGNGTD

Fig.1 Nested amplification product Fig.2 The nucleotide sequence of nNOS ¢DNA
1. ;2. PCR synthesized by RT— PCR from grouper hypothalamic tissue
1. 100bp marker; 2. nesed PCR product and deduced amino acid sequence
the calmodulir-binding domains are
underlined
2.3
R 1 3
1 NOS NOS
Tab.1 Identities of grouper NOS to others
(%) (%)
species common name protein amino aci identities nuclotide identities
Epinephelus coioides grouper nNOS 100 100
Danio rerio zebrafish nNOS R 85
Tdkifugu poal onotus fugu nNOS 95 88
Homo sapiens human nNOS 93 83
Oryctolagus awniaulus rabbit nNOS 2 82
Rattus noregiaus rat nNOS 2
Cavia porcdlus guinea pig nNOS 2 83
Salmo salar Atlantic salmon nNOS 93 85
Stenotomus chrysgs scup nNOS O 93
Onarhydus mykiss rainbow trout NOS 53
Homo sapiens human eNOS 63
Sie ¥
FlY I

i i =t D

3 NOS
Fig.3  Multipe alignment of poten sequences predicted from the diferent nitric oxide synthases genes
CaM indicated conserved elements characteristic (the calmodulir binding domains) for the different fish and human
CaM , srowper , scup , human , goldfish
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2.4

93%

blood sucking bug-Nos

30 sea urchin-Nosl
% sea_urchin—Nos2
snail-Nos
NOS. 94 u 91 f t _I\?Nos
rat-nNos
, n > 100 mouse—nNos
) 9%— grouper—Nos
iNOS  eNOS, 4 scup-nNos
% %8 chicken—iNos
o human-iNos
L 100 ?glfrsx ;vlngﬁout iN
77 0 ; LYOuL-1Nos
Eoldenflsh—lNus
100 ovine—eNos
nNOS 377 —|76E uman—e Nos
p1g-eNos
85 == tobacco homwormNos
GenBank s &‘E mosquito-Nos

fruit fly-Nos
82% ~ 83% ;

85% ~ 93% 4 NOS
Fig.4 Unrooted NOS phylogenetic trees
human nNOS, nNOS, Homo sapiens, 1.L02881; rat nNOS,
nNOS, Rattus rattus, X59949; mouse nNOS, nNOS, Mus
’ musculus , D14552; scup nNOS, nNOS, Stenotomus chryss,
AF191749; human iNOS, iNOS, Homo sapiens, X73029; rat iNOS,

2% ~
93% ~ 99%

NOS INOS, Rattus noregicus ,1.12562; mouse INOS, INOS, Mus

FAD NADPH , nNOS NO

musaulus, M87039; chicken iNOS, INOS, Gappus gdlus, U46504;
rainbow trout, iNOS, Oncorhynchus mykiss, X97013; goldfish iNOS,

iNOS, Carassius auratus, X97603; human eNOS, eNOS,
CaM , CaM > Hano sapiens, M95296; hovine eNOS, eNOS, Bos taurus, M89952;

s L- Arg CaM FMN

CaM pig eNOS, eNOS, Sus saogfa, US924; fit fly NOS, NOS,

[12 Drosqhil a melanogaster , U25117; blood sucking bug NOS, NOS,
Rhodnius prolecus, U59924; tobacco hornworm NOS, NOS, Manduca
secta, AF062749; mosquio NOS, NOS, Angheles st@hensi,

, nNOS AF053344; snail NOS, NOS, Lymnaea stagnalis AFOI2531; sea

NO
nNOS

(13 s LB s wchin NOS 1, Arbada pundulata, NOSI, AF191750; sea urchin

NOS ’ NOS NOS2, Arbad a punctulaa , NOS2, AF191751
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