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Molecular and cellular mechanisms of body lipid accumulation in fish

Abstract Lipid is a main component of fish body, which affects flesh quality of cultured fish. In lipid
accumulation process in fish body, the activation of various adipogenic genes and the enlargement of lipid
storing tissues are postulated to be involved. In this study, we investigated the molecular and cellular
aspects of body lipid accumulation process in red sea bream Pagrus major. Firstly, to investigate molecular
mechanism of lipid accumulation in fish, various adipogenic genes including lipoprotein lipase (LPL1, LPL2),
fatty acid synthetase (FAS) and fatty acid desaturase (d6DES, SCDa, SCDb) were characterized in red
sea bream. The expression of identified adipogenic genes were, different from those of mammals, detected
in various tissues including adipose tissue, hepatopancreas and muscle in red sea bream, suggesting the
mechanism of body lipid deposition in fish contains different features from that in mammals. Subsequently,
to investigate the cellular aspects of lipid accumulation in fish, the differentiation process of adipocyte, a
main site of lipid storage, was analyzed /n vitro by using primary culture system. In cultured red sea bream
adipocytes, the differentiation was enhanced by insulin and the adipogenic gene expression including LPL,
FFAS, d6DES were activated in differentiation—dependent manner. Furthermore, their expression could be

modified by Br—palmitate, a non—metabolic fatty acid. These results provide information on the molecular and

cellular mechanisms of lipid accumulation process in fish body.

Key words : lipid metabolism, lipid accumulation, gene, adipocyte, cell culture

falkl L VR L3RR T2 X —L LT
FRAEShD—F, ZORFSIIEEN & LTERSR
%o PRGNSR 2 fEH U, WU RIS
fizary ba—n35Z Lk, WER ERERELO
BN ZE x5 ECHEETH D, AEKEHERICIE
SEIFERBERPEBRTLHEEZLNDN, L DbIT
FARIOFBIRE LS, TNETICLEMAZIZRE L
T ARIEIAEREIC B 2P EI LR D B % P s S
<HEEESNTND, Foxr OFEEIZE VT LR
G L MIRIENEROMREZ MG L (Oku and Ogata,
2000), fAEHEE S &, 7720 HEBUEE &AM
HE. FNTS U TR & &3+ 52 L 286
2T L7z (Fig. )y Z 9 LB RBRCIRK Do ic k&
LIRS RICBI 9 B AF%E & b, FlfEy 7 L
JTONSE BRI U TIIFZE N ik W 7R

M THH D ME TV, Frx OWFFEETIE, =i
flZI T D IRIBNA SRS 2 R~ 5 BT, 1REW
TG~ XA BN T - R LUV T ORET &
1T-7=,

REBEREMR-EEEDEEKE

BAE L VB U ARE IR - I, U AR H R
78 & LT A2 ik S A, RAEMHRRICIR Y IAE LD,
URE A7 BEFONEIINE FICEET DY RE
XYY =8 (LPL) Ol & 12 & 0 40 S AR IHEA
Te Ehfx TR ICE D IAEN D,

AW TIE, EFro—=2 U HiFicky, <%
A LPL 15 7- ORISR O M 2 52 L
7= (Oku et al. 2002, Oku et al. 2006a), ~ % A R

2008 4F 4 H 23 H5H (Received on April 23, 2008)

FOKPERMOIIGE Y 2 —EHERFZE AT T 516-0193 = UL S R G EANT o i 422-1 (National Research Institute of Aquaculture, Fisheries Research

Agency, Minami-Ise, Mie, 516-0193, Japan)



64 LN
k> HREIERIZEALL Uz 2 FE O LPL BB s 1 (LPL, NiIARIZEET A LD EEZ BN,
LPL2) 23HLEfE 4, AP Y X—8 (HL) Y ~—+F FRICER SN A IRHIZRMICHE kT 5 b oo
(PL) & &I AR ZND &, 2FO LPL (3 Pl LT L LCHHAR SN b O b EEND,
T b RN AFIC T 5 2 &R BRSO ARECHH Bk S V2 IR IR AE RN TS
L7po7z (Fig.2), 2 OB T IFRIENELRY Ffb7e EOAERBRE AR TEREIND, RITBRAS
RENGRAR. IR, 75 A O/ER IR\ LPLL O 5234 . BRI KX ORI AR EIC B 59 2 B m T
10 (ERRE B N2 L DIED, BHFERE VS ST H DNWTHLVH AL 7 a—=27 U, MR ERE
FERCILZ OBWREM R 2RI S E o T Lz & A, SERGFIEIIERAERICRE S35 d6- 1~
(Oku et al. 2006a), L2 L., WINOBELET b — KA i bEESE 2 bR & AR MR BRI R o d, Zh
1O AT I FLIE LPL & ORICHEEIA R 5 b D OREZITARNSHEIRIIALS DA THHDEEZS
Z e, MY R X X7 B & R~ O B EL N5 (Fig.2),
. (Whole) i (Carcass) %, (Viscera)

10 / §io: 51 O Red sea bream

- S / s O Yellowtai |

2] / 5 5 2304

= N < A Flounder

@ o & & R —3

11 16 20% il 16 20% 11 16 20%

Dietary Lipid Level

Fig.1. The relationship between dietary lipid levels and body lipid contents.
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The three diets which has different dietary

lipid level (11, 16 and 20%) were fed to the juveniles of red sea bream (O ), yellowtail ([]) and Japanese flounder (A),
and the lipid contents of whole body, carcass and viscera parts were analyzed. The feeding periods are 6weeks (red sea

bream and Japanese flounder) or 4 weeks (yellowtail).
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Fig.2. The tissue specificities of the adipogenic gene expression in red sea bream.

The tissue specificities were

determined by RT-PCR analyses. The gene expression of two lipoprotein lipases (LPL1, LPL2), hepatic lipase (HL)
and pancreatic lipase (PL) were detected by 30 cycle amplifications whereas those of fatty acid synthetase (FAS), two
stearoyl-CoA desaturases (SCDa and SCDb), delta—6-desaturase (d6DES), two glucose transporters (Glutl, Glut3) and
beta actin were detected by 40cycle amplifications. The examined tissues were 1) adipose tissue, 2) gill, 3) heart, 4)
hepatopancreas, 5) gonad of young fish, 6) muscle, 7) ovary and 8) testis.
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Fig.3. The outline of the preparation procedure for red sea bream preadipocytes. The primary cultured preadipocytes
were prepared from visceral adipose tissue of red sea bream. The adipose tissue were minced and digested with
collagenase. After purification by filteration and centrifugation, stromal —vascular fraction was seeded in serum—
containing culture medium. The attached preadipocytes were cultured at 25° C under the 5%CO2 —95% air condition.
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Fig.4. The cellular lipid accumulation by insulin in red sea bream adipocytes. The primary cultured preadipocytes
were cultured in a serum—free differentiation medium containing 50ng/ml hydrocortisone and the indicated amounts of
bovine insulin for 2 weeks. The cells were stained with sudan black B and nuclear fast red. The bar indicates 50 p m.
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Fig.5. The effects of bromo—palmitate on the adipogenic gene expression in the differentiating adipocytes of red sea
bream /n vitro. The effects of bromo—palmitate on the early process of adipocyte differentiation were investigated.
The primary cultured red sea bream preadipocytes were cultured in a differentiation medium for 3days in the presence
of the indicated amounts of bromo—palmitate and the relative expression levels of adipogenic genes were analyzed.

Table.1.

The changes in the expression levels of adipogenic genes

during adipocyte differentiation of red sea bream in vitro

Transcription factor Fatty acid desaturation

PPAR al | SCD a1
PPAR b 1 SCD b1
PPAR g— d6DES 1
Cellular lipid uptake Glucose transport
LPLT 1 Glutl !l
LPL2 1 Glut3—
Lipid synthesis Cytoskelton
FAS 1 Beta actin|

The arrows indicates, respectively, transient increase (1 l),
up-regulated (1), down-regulated (l) and preserved (—).
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