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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 /» 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,
FAS, 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
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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 (), vellowtail ( [J) 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).

FAS
SCDa
SCDb

d6DES

Glutl
Glut3

Bactin

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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Preadipocvte preparation

Adipose tissue

L

Collagenase
digestion

Centrifugation
and filtration

Mature adipocytes

Stromal-vascular fraction

Stromal-vascular fraction

l

Seed in plating medium
~DME/Ham F-12
+antibiot
+10%FBS
+65mM NaCl

Plastic dish

Culture at 25°C, 5% CO2

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%C02 —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 ¢ m.
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Fig.5. The effects of bromo—palmitate on the adipogenic gene expression in the differentiating adipocytes of red sea
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

bream /n vitro.

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
PPAR aT |
PPAR b1
PPAR g—
Cellular lipid uptake
LPLT T
LPL2 1
Lipid synthesis
FAS 1

Fatty acid desaturation
SCD a1
SCD b1
d6DES 1
Glucose transport
Glutl !
Glut3—
Cytoskelton
Beta actin |

The arrows indicates, respectively, transient increase (1 1),

up—regulated (1), down-regulated (!l) and preserved (—).
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