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s Lambertsen 17! s
, (Vegetable oil, (HPTLC, Darmstadt, Germany) '™
VO) [12]
, (3. 141, 12% BF; (Sigma, Poole, UK) ,
2000 :
LCFA R , , , 20s 60°C, 25°C/min;
FO VO ) 28min 160°C, 25°C/min; 17min 190°C,
5 , 25°C/min; 9min 220°C (id)
0.32 mm S
: OA : ,
) Totalchrom (version 6.2, Perkin Elmer)
19:0
1 0.05% BHT
, 10 pg (1 pL) HPTLC (10 cmx
11 20 cm) ;
100 (Salmo salar L.) (165 + : £ 0.25% KCl (2525125 :
15 ¢ . 10 1 9 v 1) 23,
IMR
, A" F
] 25 1 1.5, v/v/v) 1/3
, 5 Nofima
) 8% 3%
(Titlestad, ) , 1 . .
s 160°C 15min,
439 g, 284 g,
, CAMAG TLC
121 g, 61 g, 89 g, 238 MJ 3
10°C, 32%0—34%o, 24h
1.3
, FO  [(580+23) g]
1 ORBARERK VO  [(500+143) g] 3,
Tab. 1 Feed composition (g/kg) 50 L
Feed composition (g/kg) FO VO
Fish meal (Nordsildmel, Norway) 596 596 0.1 g/L MS222 (3-
Capelin oil (Nordsildmel, Norway) 230 0 , metacain, S]gma Poole, UK) S
Soybean oil (Denofa, Norway) 0 230 [20]
Wheat (Statkorn, Norway) 150 150 HEPES
Vitamin and mineral mix' 24 24

o NRC, 19931
Note: 'Vitamin and mineral supplementation is estimated to
cover requirements according NRC, 1993

1.2
) 2 [(524+

23) g, ; , /
(21 vy B8 , Lie and

(NaCl 8.4 g/ KC10.5/gL EDTA 0.0074 mg/L),

>

, 0.1 mg/mL
-HEPES
, PBS ,
100 pm
, 4°C (50 g) Smin ,
PBS ,
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R 20 mL
L-15
>85%
, 25 cm? (BD Bioscience,
Erembodegem, ) 6 (TPP, Trasadingen,
) 10"/ 3.8x10°
/ 6
(2 pg/cm?) 12°C
24h (n=6)
(FBS) Gibco-brl/Life
Technologies (Gaithersburg, MD, USA), L-15
(VII)
(HEPES) (BSA)
Sigma(Poole, UK)
1.4
[1-"*C]OA ( , Laborel,
, ) 0.3 uCi/ ) 2h
, , OA,

37.5 umol/L([1-"*C]OA/
OA: 1/30, mol/mol) [1-“CJOA OA BSA

, 1.4 uL PBS
, 4C (500 g)
Smin S 0.5 mL
0.88% KCI
, 50 pL
8 mL (Ecoscint A, National Diagnostics, USA)
, (TRI-CARB 2000CA, United Tech-
nologies Packard, U.K.) M)
OA (M) )
[1-'*C]0A (uCi/mmol)
[1-“C]0A , OA [1-"Cl0A
(3B0:1) OA :
OA [nmol/(h-million cells)]=[(M*10)/
[1-"*C]O0A (uCi/mmol) ] x1000x(1+30)/10/2
1.5
6
1.3 ,
, 2h TRIZOL®
(Invitrogen, California, USA) RNA,

RNA,;, protocal™(Ambion) ,

DNA

(A260/280)
cDNA (500 ng)

(DNA-free™, Ambion)

TagMan

(Applied Biosystems, Foster City, CA, USA) 50 pL
1xTagMan
RT , 5.5 mmol/L MgCl,, (dNTP)
500 ummol/L, 18S rRNA d(T)6/
2.5 pmmol/L, RNase 0.4
1.67 U/uL
25°C 10min, 48°C 60min,
95°C Smin, 4°C RNA
6
(31—1000 ng) , 3
96 RT PCR
, GenBank
2
PCR FAM
LightCycler® 480 RT PCR (Roche Applied Sci-

ences, Basel, ) RT-PCR SYBR Green
Master Mix (LightCycler 480 SYBR Green master

mix kit, Roche), 20 pL FastStart
DNA , 2 uL cDNA
(2 uL) 3
PCR 50C 2min,
95C 10min, 40

95°C 15s, 60C Imin
Roche Applied Science *!"!  E-Method

E

EFl-af  p-actin , —ACt
2
1.6
+ (n=
) EXCEL  t-test
P<0.05
2
2.1
5 s
n-3
s n-6 s
n-3
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Tab.2 The sequence information and primer-design in the relative gene expression.
S Sequence (5'-3") Amplicon Accession Primer Annealing
Gene Direction . _
size (bp) number efficiency temperature
F TGGGAGCTTGTGGGTTCAA CA373015/
FATP R ACTTTCATGAGGCGGATTGG 64 AF023258 217 58
F TTTCCTGCTGCGCACCTT ..
FAT/CD36 R GGTGCGGGTCATGAAGATTT 70 gi:51949896 2.12 54
F CACCACCGGCCATCTGATCTACAA
EFl-of R TCAGCAGCCTCCTTCTCGAACTTC 39 AF321836 2.01 60
. F CCAAAGCCAACAGGGAGAAG
p-actin R AGGGACAACACTGCCTGGAT ol BG933897 1.99 60
n-6 091 . FATP
« 3 ,FO VO n-3/n-6 0.8F ] a
=
n-3/n-6 ( 3) 2 07r |
i S 061
> > ;ﬁ g 0.5F
=2 041
EE 03t
Q
5 4 ~ 0.2}
(0.3—1.1 mg/g) 0.1F
, VO FO ) 00 FO ' VO '
i Oil
FAT/CD3
2.2 081 a
FO VO e ol .
(0.924+0.258)  (0.888+0.179) nmol/(h-million Fr S 05} [
o
cells), (P=0.459)( 1) g
=% 03r
1.4 & 02r
Sz2} 2 a 0.1f
s 810} I 0.0 : '
P I FO A VO
5= 08r g oil
=
o E0.6¢
§ % 0.4L 2 FATP(A) FAT/CD36(B)
E T
<O: £02¢
0.0 . ) Fig. 2 Relative gene expression of fatty acid transport protein
FO VO (FATP, A) and fatty acid translocase (FAT/CD36, B) in hepatocytes
T Oil of Atlantic salmon
+ (n=34)
1 OA

Fig. 1 Effect of replacing dietary fish oil (FO) with vegetable oil

(VO) on trans-membrane OA uptake in Atlantic salmon hepatocytes
(P>0.05),

(P<0.05)

The colomn with same letters means no significant different,

meanwhile the colomn with different letters means significantly

different (P<0.05). The same applies bellow

2.3
FATP
, FO VO
(P>0.05)(  2A) FAT/CD36,
(P=0.0515)

( 2B)

Data are means=SD (n=34)

3
FO VO
n-6 n-3
[22—24]
[25] [26, 27]
[28]
(G ,
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Fz 3 AR S A RIARIF KT EERT S B ER (%) K& BE 2 (mg/g hepatic tissue)2H X
Tab. 3 Dietary and hepatic fatty acid composition (%) and lipid class composition (mg/g hepatic tissue) after 5 months of feeding and prior
to hepatocyte isolation

Diets Hepatic tissue
FO VO FO VO
14:0 6.7 1.2 2.4+0.4 0.9+0.1*
16:0 12.4 11.8 16.3+0.0 13.7+0.7%"
18:0 1.4 3.1 3.2+0.5 6.2+1.0%*
Saturated 21.3 17.1 23.34+0.5 21.2+0.5%
18:1n-7 2 1.8 2.1£0.2 1.4+0.2
18:1n-9 10.6 19.5 9.0£1.6 13.5+1.3*
20:1n-9 12.5 2.3 4.6+0.4 1.8+0.4*
20:1n-11 1.5 0.2 0.8+0.1 0.1+0.1
22:1n-11 19.2 2.9 2.5+0.1 0.8+0.6*
Monoenes 53.9 28.3 24.2+1.4 19.8+2.4
18:2n-6 2.1 44.2 1.4+0.3 19.2+2.0%*
20:2n-6 0.2 0 0.0+0.0 3.4+0.7*
20:3n-6 0 0 0.2+0.1 3.4+0.5*
20:4n-6 0.4 0.1 2.7+£0.4 3.2+0.2%
Sum n-6 2.7 44.2 4.240.1 29.243.1*
18:3n-3 0.8 4.6 0.2+0.1 1.2+0.1*
18:4n-3 2.2 0.5 0.1+0.1 0.1+0.1
20:4n-3 0.5 0.1 0.9+0.1 0.6+0.1
20:5n-3 6.4 1.9 9.5+0.1 4.4+0.8*
22:5n-3 0.7 0.2 3.8+0.1 1.5+0.2%*
22:6n-3 7.8 2.9 31.5+2.1 21.4+1.2%
Sum n-3 18.9 10.2 46.0+1.8 29.1+1.8*
n-3/n-6 7.1 0.2 11.1+0.3 1.0+£0.2*
Total FA (mg/g) 217.0 217.6 26.1+£0.3 33.2+4.3ns
SM ? 1.4 1.2 2.1£0.3 2.4+0.2ns
PC 12.9 11.3 26.5+3.1 29.5+2.1ns
PS nd® nd 2.6+0.1 2.240.3ns
PI nd nd 3.5+¢0.5 3.940.4ns
PE 2.1 2 13.5+0.0 14.1+0.6ns
Total polar lipids 16.3 14.6 48.2+4.0 52.1+2.7ns
DAG nd nd 0.7+0.1 1.1+£0.2%*
CHOL 7.7 5.7 3.9+0.0 3.2+0.4ns
FFA 16.1 8.6 0.3+0.0 1.0+0.2%*
TAG 204.6 248.2 3.2+1.8 9.0+3.0ns
Total neutral lipids 228.4 262.5 8.1£1.6 14.2+2.6*
Total lipids 244.8 277.1 56.3+£5.6 66.4+2.8%
: + VO ,n=5 ; FO; n=2 ;0 VO FO ,ns one-WAY
ANOVA ;2 SM: ,PC: , PS: , PI: , PE: , DAG:
, CHOL: , FFA: , TAG: ;¥ nd

Note: Data are presented as mean + S.D., VO; n=5 fish and FO; n=2 fish;" *denotes statistical difference between hepatic tissue from
VO and FO fed fish, ns denotes no statistical differences revealed by one-WAY ANOVA and significance was not tested where nothing is
indicated; > SM: sphingomyeline, PC: phosphatidyl choline, PS: phosphatidyl serine, PI: phosphatidyl inositol, PE: phosphatidyl ethanola-
mine, DAG: diacylglycerol, CHOL: cholesterol, FFA: free fatty acids, TAG: triacylglycerol; ¥ nd= not detected
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OLEIC ACID TRANS-MEMBRANE UPTAKE IN HEPATOCYTES OF ATLANTIC
SALMON (SALMO SALAR L.) AND EFFECT OF REPLACING DIETARY FISH
OIL WITH VEGETABLE OIL

ZHOU Ji-Shu" %, Bente E. Torstensen” and Ingunn Stubhaug?®*

(1. College of Animal Science and Technology, Northwest A&F University, Yangling 712100 China; 2. National Institute of Nutrition
and Seafood Research (NIFES), P.O.Box 2029, Nordnes, 5817 Bergen, Norway; 3. Skretting ARC, Stavanger, Norway)

Abstract: Taking [1-'*C] OA (oleic acid;18:1n-9) as the indicator, the uptake of OA in Atlantic salmon (Salmo salar L.)
hepatocyte with different membrane fatty acid composition induced by dietary fish oil (FO) and vegetable oil (VO) diets
was determined to investigate the effect of replacing dietary fish oil with vegetable oil on fatty acid uptake and to pro-
vide the probability of replacing dietary fish oil with vegetable oil in Atlantic salmon diet. Atlantic salmon post smolt
was fed diets containing either 100% FO or VO for 5 months to produce hepatocytes with typical FO and VO fatty acid
composition, then OA uptake in isolated hepatocytes were studied by incubating with [1-'*C] OA and 37.5 pmol/L OA
(1/30, mol/mol, 0.3 pCi/flask) for 2h and by calculating the radioactivity in the cells. Meanwhile total RNA of the other
same batch of FO and VO hepatocytes were extracted and the relative expression of FATP (fatty acid transport protein)
and FAT/CD36 (fatty acid translocase) were determined by RT-PCR. The result showed that OA uptake in FO and VO
was (0.924+0.258) nmol/(h-million cells) cells and (0.888+0.179) nmol/(h-million cells) respectively and there was no
significant different between them (P>0.05). The relative expression of FATP and FAT/CD36 were not significantly di-
fferent between FO and VO hepatocytes too. The results indicate that by the same OA uptake between FO and VO
hepatocytes, replacing dietary FO with VO was available in Atlantic salmon diet.

Key words: Vegetable oil; Fish oil; Atlantic salmon; Hepatocyte; Fatty acid; Trans-membrane uptake
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