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HUFAs

cDNA 11

1
1.1

TRIZOL® Reagent(For research use)
Invitrogen M-MLV Reverse Transcriptase(200

U/ mL, For research use) Oligo(dT)15 (0.5 pg/uL,
For research use) Go Tug”™ Flexi DNA Polymerase
(5 U/uL, For laboratory use)
PMD™ 18-T Vector(50 ng/uL, For research use) SYBR
premix Ex Taq II Kit(50 uL /200

use) ( )
(Watson’s Gel Extraction Kit w5211)

promega

, For research

(Biospin
plasmid DNA extraction kit) BioFlux
PCR (T-Gradient) Bio-Metra
(DUS00 ) RTQ- PCR
(CFB-3220 Opticon™ 2 system)
Backman  Bio-Rad
1.2
20 (45 ,
16~18 g) ,
11 b b 2
-80°C
1.3 A6 cDNA
-80°C 6 (L) 150 mg,

, TRIZOL® Reagent
RNA
, MMLV
Oligo(dT)s ,

cDNA NCBI (http://www.ncbi.nlm.nih.gov)

A6
primer 5.0, Oligo 6.0
PCR
A6 cDNA ,
: 5" GAG CCC AGC CAG GAC CG AA 3
: 5" ATC GGC AGA TGA TTC ATC TG

3" PCR Tag DNA ,
PCR : 95°C, 2 min;
95°C, 30s; 56°C,30s;72°C, 1 min 32
; 72°C, 10 min
PCR , pMD18-T
Vector ; Biospin
plasmid DNA extraction kit
vector kit 7.0 A6
1.4 11 RNA
PCR
6 (Liver,L)  (Brain,
B) (Heart, H) (Kidney, K) (Gill, G)
(Intestine, I) (Spleen, SP) (Adipose,
AD) (Skin, SK) (Red muscle, RM)
(White muscle, WM) 100 mg(
50 mg), RNA
5 ug RNA , Oligo(dT);s
, MMLV
cDNA PCR ,
YN
A6
cDNA PCR , 25

TCT CTG TCT TCA AGA AGT CC 3%
5'CTC CAA CAA CAA AGATGCTC3'" PCR

174 bp, PCR pMDI18-T Vector;
, 5 1
SYBR premix Ex Tagq 11
R A6 cDNA
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5 SYBR 2
GREEN-I PCR s 2.1 A6 ¢DNA
3 PCR (CFB-3220 Opticon™ 2
system, Bio-Rad ) PCR A6
957C, 15s; 957C, 5s; 56°C,20s; ¢DNA , 743 bp, 247
72°C, 15 s; 39 ; 72°C 30 s N
H H , 2
(HDFGH, HFQHH) 2 ()
ZEE 48, Rachycentron canadum (1) EPSQDRNENAAIIQDFHALRAQALESEGLFQTQPLFFCLHLGHIVLLEALA
BRYNIEEGS Dicentratchus labrax (99) EPSQDRNENAAIIQDFYTLRAQAESEGLFEAQPLFFCLHLGHILLLEALA
KVGEEES Gadus morhus (101) EPSQDRNENAAYVEDFQALRTRAECLGLFQAQPLFFCLHLGHILLLELL 4
Bkt Oreochromis niloticus (99) EPSQDEDENAAIVQDFETLRAGVEKRGLFRAGPLFFFLHL SHILLLEALG
KVGHAE Salmo salar  (108)  EP SQDHGKNAVL VQDFQ ALRNRVEREGL LRARPLFFSL YLGHILLLEAL &
4:3k88 Sparus aurata (99) EPSQDRNENAAYIQDFHTLRAQAESDGLFRAQPLFFCLHLGHILLLEAL &

¥t Rachycentron canadum (51) |WLMIWHWGTNWILTLLCAVML ATAQSQAGWL QHDFGHL SVFEESSWNHLL
WIS Dicentratchus labrax — (149) | WLIIWLWGTSWTLTFLC SIMLATAQSQRGWLOHDFGHL SVFEES SWINHNL
KVGEEES Gadus morhus (151) | WHMSYWL WGTGWR TTLLC SFILAVAQAQ RGWLOHDFGHL SVFEL SRWNHIF
BHEM# Oreochromis niloticus  (149) | WLTVWMWG TGWIQTLVC SVFLATAQAQAGWLOHDFGHL SVFEKS SWNHL A
KVGHFGE Salmo salar  (158) | LGLLWVWGTSWSLTLLC SLMLATSQSQ AGWLOED YGHL SVCKKS SWHVL

43k8 Sparus aurata (149) | WLIIWLWGTSWTLTFLISIILATAQTQMLGWLGHDFGHL SVFEESSWNHIL

7248, Rachycentron canadum (101)  HEFAIGHLEGAS ANWWNHRHFQHHAKPNIFREDPDVNMLSIFVVGATQPY
WIS Dicentratchus labrax — (199)  HEFVIGHLEGAS ANWWNHRHFQHHAKPNIFSEDPDVNMLHIFVVGATQPY
KVGEEE Gadus morhus ~ (201)  HEFTIGHLEGAS GNWWNHRHFQEHAKPNVE SKDPDVNMLHVE VWGD TQPY
%t Oreochromis niloticus  (199)  HEF VIGHL KGAS SNWWHHREHL REHHAKPNIF IKDPDINTL HLFVLGRTQR ¥
KVGHEEE Salmo salar ~ (208)  HEFVIGHLEGAS ANWWNHRHFQEHAKPNVL SKDPDVNMLHVE VLGDEQEY

4:3k8 Sparus aurata (199)  HEFVIGHLEGAS ANWWNHRHFQHHAKPNIF SKDPDVNMLHIFVLGDTQPY

72t Rachycentron canadum ~ (151)  EYGIEEIKHMPYHRQHQYFFLVGPPLLIPVFFHIQIMHTMISRHDWVDLY
WIS Dicentratchus labrax — (249)  EYGIEKIKYMPYHHQHQYFLLVGPPLLIPVYFHIQIIRTMISRERDWVDLA
KVGEEEE Gadus morhus — (251)  EYGIEE IKYMPYHHQHQYFFLVGPPLL IPVYFHIQILR AMFSRRDWVDL 4
BHEf Oreochromis niloticus  (249)  EYGIKKIKHMPYNRQHHYFFLVGEPLIIPVFENIHVMQ TNV SRRDWVDLA
KVGHFGE Salmo salar  (258)  EYGIKKLKYMPYHHQHQYYFFLIGPPLL IPVFFT IQIFQ TMESQRNWVDL A

43K Sparus aurata (249)  EYGIKKIKYLPYHHOHWYFLLVGPPLL IPVYFHIQIIR THISRHDWVDL A

ZEE 48, Rachycentron canadum (201) | WSMSYYLRYFCCY¥VPLYGLFGSLALI SFYRFLESHW
BKIMIESS Dicentratchus labrax (299) |WSMSYYLRYLCCYVPLYGLFGSLALISFVRFLESHW
KVGHES Gadus morhus (301) |WSMSYYLEYFCCYAPFYGLLGSVALISFVRFLE SHW
FHEH# Oreochromis niloticus  (299) | WFISFYLRFFSCYLPLYGLVGSLVLISIVRFLESHY
RVGFESE Salmo salar — (308) | WSMIFYLRFFCS YYPFFGFFGS VAL ITFVRELE SHY

4387 Sparus aurata (299) |WSMSYYLRYLCCYVPLYGLFGSVALISFVRFLE SHW

1 Vector NIT 7.0 A6
A6 ; ; i, RPEVEEE. DR
< S i 2 ) A AT ) AT AL P 2R PR B 2
Fig. 1 Comparison between the predicted amino acid sequences of delta 6 desaturase from cobia and others
Putative trans-membrane regions are shown in black box, and two putative histidine-rich domains are in bold. Shadows mean the common
aminoacid residues ameng R.canadum, D.labrax, S.salar, O.niloticus and S.aurata.
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) (Dicentrarchus 3

labrax, EU647692) 87%

(Sparus aurata, AY055749) (Gadus 3.1 A6 cDNA

morhua, DQ054840) (Oreochromis niloticus, A6

AB069727) (Salmo salar, AY458652) (membrane-bound fatty acid desaturase),

84% 79% 7% T5%( 1) NADH bs ;

29 A6 s n-6 n-3

HUFAs 221 1.6
Clustal X MEGA 4.0, - HUFAs
(Human, AF126799) (Mouse, AF126 (Llr.lolelc -a01d., LA, 18:2n-6) v-

798) (EU647692) (AY055749) (y-linolenic acid, GLA, 18:3n-6), n-3 o-
(AF301910) (AB069727) (a-linolenic acid, a-LNA, 18:3n-3)
(AY458652) (DQ054840) ’

HUFAs i A6

(AF309556) 9 A6

, 18:2n-6 18:3n-3
5 ’ Ag (2 HUFAs [23-24]
’ A6
A 743 , 247
2. 11
3 6 Vector NTI 7.0 A6
A6 10 '
A6
’ A 87% 84%( 1)
’ A6
( 3

F1 ZMEEFMALNACRHRAOMBRERFIIEIRMELI S HEAMERR
Tab.1 Identity matrix shows the results of a pair-wise comparison between amino acid sequences of fatty acid desaturases of
fish and human

N6 /A6 N6 N6 N6 JASTZANS N6 N6
Fish species D.labrax N6  S.aurata /N6 O.niloticus /A6 G.morhua/\6 S.salar N6 D.rerio N5/A\6  O.mykiss /N6 H. sapiens /\6
6 87 84 77 79 75 72 77 68
R.canadum /6
6 93 77 79 78 68 77 65
D.labrax /\6
6 77 80 76 68 77 65
S.aurata /N6
6 72 71 63 72 61
O.niloticus /\6
6 74 73 75 65
G.morhua/\6
6
68 94 66
S.salar /\6
6 66 64
D.rerio 5/ 6
6
66

O.mykiss 6
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899 K¢ European seabass A6, (EU647692)

989 L %34 Gilthead seabream A6, (AY055749)

1000 ZEE 45 Cobia A6

F 344 Nile tilapia A6, (AB069727)

KPGEHE Atlantic cod A6, (DQ054840)

—— KPG#E Atlantic salmon A6, (AY458652)

10001 yr¢ Rainbow trout A6, (AF301910)

PEIL £ Zebrafish AS/A6, (AF309556)

A Human A6, (AF126799)

1000 /N Mouse A6, (AF126798)

0.14 0.12 0.10 0.08 0.06 0.04 0.02 0.00

CLUSTAL X MEGA 4.0 Neighbour Joining 21 . 1000 ,

Fig. 2 Phylogenetic tree of delta 6 desaturases from cobia and other fish species
The tree was constructed in CLUSTAL X and MEGA 4.0, using the Neighbour Joining method?'!. The numbers represent the frequencies
with which the tree topology presented here was replicated after 1 000 bootstrap iterations.

100000 -
33760 33420
10000 ~
3140 3098 2993 2931
5]
£
g 1000 |- 5372
>
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Q
§ 100 -
¥
10
1 1 1 1 1 1 1 1 1 1
i BF i 7] i3 =3 ) EAN:]8 S {3
Brian Live Heart Intestine spleen Kidney Gill Red ‘White Skin
muscle muscle
FEW LKL Cobia tissue
3 A6 11 ( /5ng  RNA)

Fig. 3 Distribution of delta 6 desaturase gene in 11 tissues of cobia (copy number, 5ng total RNA)

A6 A6

(HDFGH, HFQHH) 2
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(D , A6 20:4n-6(AA) 20:5n-3(EPA)  22:6n-3(DHA),
N C , , 30% EPA
, 8 DHAPY ,
3 (histidine-rich DHA 60%,
region): His I His1l Hislll (4]
HX349H HXqo3HH (H/Q)Xn 3 HHPY 3 , A6
, ( 3
A6- A8- HUFAs, HUFAs
., A6 Hisl
Hisll HisIlII A8 ,
, Cis (Poly unsaturated fatty acids, PUFA)
, (Hexade-
canoic acid, Cyg) (Myristoleic acid, ( : -6-
Cia1) , Hisl Hisll - COA
, 3 COA A6
1 Fe : 2 A5 )
4 [25] [35]
32 A6 11 (36=37]
, A6 ,
( 3), HUFAs [38]
, (Scopht-
halmus maximus) ,
Tocher U9 , A6
) n-3/n-6
Seiliez ! , A6 , n-3 HUFAs(
EPA DHA) SO PR
Tocher 2] , , ( 10) ,
, DHA, (Sigamus oramin)/\6 mRNA
,n-3HUFA DHA ( 32)
, 1.5 JAN)
, HUFAs, mRNA ,
7] n-3 A6 NS
, Cag , LA LNA HUFAs
(28], (301, , HUFAs )
B 32 Bourre B ’ A5 [16,41]
) , A5
HUFAs , , A6 [13.16.39] HUFAs
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@)) A6
743 bp, 247 )
cDNA ,
s 87%;

(2) A6 10

(3) A6 HPFAs
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Cloning and gene expression of delta 6 fatty acid desaturase cDNA
of cobia (Rachycentron canadum)

XU Yougqing, ZHENG Yimin, DING Zhaokun

(Institute for Fishery Sciences, Guangxi University, Nanning 530004, China)

Abstract: N-3 highly unsaturated fatty acids (HUFAs), eicosapentaenoic (EPA) and docosahexaenoic acids (DHA),
are particularly important in the physiological procedures of human beings and animals. However, human and
animals including some marine fish species can not synthesize HUFAs from linoleic and linolenic acids since they
have no or less activity of delta 6nor 5 fatty acid desaturases and elongase that are a key for the synthesis of
HUFAs. Therefore, they have to ingest HUFAs from their diets for the normal growth and development. Actually,
this is a question that should be further explored in some marine fishes.

Cobia (Rachycentron canadum) is a worldwide marine fish in tropical, subtropical and warm temperate seas.
Cobia is an excellent candidate for aquaculture because of its fitting to wide salty, high resistance to diseases, and
rapid growth, reaching 6—10 kg in 12—14 months. Marine fish is main source of HUFAs, DHA and EPA for human
beings. With the decline of fishing and rapidly expanding aquaculture, feed-grade fishing has reached sustainable
limits. A developing cobia commercial fishery needs to solve sustainable developing problems of artificial
nutrition feed, using plant products to replace fish products, in which the basis of nutrition, physiology and
biochemistry of cobia is necessary to study. Accordingly, delta 6 fatty acid desaturase, a key enzyme in the
synthesis of HUFAs in cobia was studied in our experiments. Delta 6 fatty acid desaturase cDNA of cobia
(Rachycentron canadum) was cloned and sequenced as well as its expression in different tissues was determined.
Total RNA was extracted from the liver of juvenile cobia and amplified using real time-PCR (RT-PCR). The
amplified product was a fragment with 743bp. The sequence of the fragment of delta 6 fatty acid desaturase from
cobia showed great identity (87%) with that of European seabass (Dicentrarchus labrax). The protein sequence of
the fragment included two transmembrane regions and two histidine boxes which were composite characteristics
of a microsomal fatty acid desaturase. The enzyme gene expression in different tissues of cobia was determined
using real-time quantity PCR (RTQ-PCR) and their expressive orders were as follows: brain > liver > heart,
intestine, spleen, kidney and gill > muscle and skin; while no expression was detected in adipose tissue. A
conclusion is that cobia has delta 6 fatty acid desaturase, which is a key enzyme for the synthesis of HUFAs. The
enzyme gene is maximally expressed in the brain of the fish suggesting that the HUFAs has an important role in
central nervous system. [Journal of Fishery Sciences of China, 2010,17(6): 1183-1191]
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