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FEICRT D IR E SRR O P LIERTH Y . T ERRAICI W TILEY
DEEERET D —EATH D, T ZIEHEIO ML HIERBIE LM L, &
T 5 2 LIS %E LOBLES D REARENORSICEATH S, LiLRRs, 1§
LI BRSO T IE U BIBRAR IR R0 (s B 23 HE L 7= RIS 3RS % FA VS, BiE
FAABRE D53 - BRRER IR & F OHIEHEICE L T ORREBHE S TWA—F, A
ROV TIERIEC T 3 5B OBE L H 5 b O OB L OB SIS DV 2 i
PO THBED, MREDRY, %2 CARBFE AR D2 LR AR S %
AT 52 L R BENIC, ER~F A RV, ARSI & OIS E D 2
T, HERERELES L U OISR S\ TN 21T 070, 5 1 SR IO 2 BT
5 TIRE D BAE - FE & HMREEIRTEIC & B RIBRIS UM O S (L TR RR ORE S 21T - T2,
% 8 ECILIENMIAAE & HEAETRBLD A THNE R ARAT L. 55 4 SECIAMIIRT1C & Bikse
FBHIH D AR DUV THRE LTs,

F1E BHMARICRY A EEAHREEEETORE

1 BT~ A BV EOBEERBRIT IO T 2 0 FHREEHB L0, JREEHM
BEREFORIEZ PLIITo 72, BHEHROBREGT L LT, ETHR~DIEVERR D
RARIZEEST DY R I E Y "—¥ (LPL) BEFEEEBE L, ~F A TIRohET1
D LPL#0ORRT (LPL2) »3Cleiis STz, Fizic LPL1#& (LPL1) %[
L, Y =8 (HL). ) %—¥ (PL) T, U _—BREFIROSEHBERE
BOTEDREZRALMC LTz, ERBBITICLY 4ABEO~F AV —ED5H 2
B0 LPLASEEFSIEHIRTRASNS Z L 2B Lz, TOMICIEViERARR (FAS),
FN & 6 [EIEEAREIF{VEESE (A6DES). A4 9 ISR RAvF{LBEdE 278 (SCDa BL X
SCDb) B LUWE#aEIEA 25 (Glutl B XV Glut3) DEEF% PCR EIC & Y ASHAHERE
POEEELUZ, BENBIERICBOT IR OBEFREASHERINZZ 16, B
MR IR A A RO R 2 O THMRERZ AT L Ex b, B 1 ETHEL
R EARBBER EFIIV TR L IENEE COTERKICEE TS5 b0 THY . UBOMRE
FiZBWThriEs LTER L,

B2 RN {LEE R OB

PR HIRE I3 7T ~ BRAHESF AR ORI AIRRIC ok L. £ 043 (LiBRRIZRE W THIKRP ~DJE
&R E & B ITIEENHR Oke RESRER RBLT 5, L LEEZ AW T, £
RESEELRNGWREDRZELRZT D), TORELERETIOREETHD, £2
TH 2 HTIE, ~FAEVAROSMEERE AL G VEE L TRITT 5720 DFEEBR &
LTRSS L 2 LB ER AL, ST FOBEMRS LI RETREL



T, v XA MERENAEIAAR L 0 R U= o R AR MR & e fuyE, AR Y v
FETIZRBWTHEET 5 & 12 BF CIRRRERIC L 2 BN ERHBBE I N, £z, ik
~DOREMERITA VR Y Uitk VIREREFMICRES NV, ik b <5 1 BRI
RNVE VENDIGEEEZRRF LR TERRIIB T LB TE, TOMLBREEES
HTTHETHZ LRFAEE Lofe, R~ ¥ A BIMRICISWT LPL #&{E+ (LPL1)
LR FRRBRETR L, TREBELLTA VAV Y, Ts BEXUEREEE Y IV

(all- fransretinoic acid, retinyl acetate ¥ X Ot 1,25(0H)2Ds) DIEIHFER L ~DEE %
R Lz 2 A, A VRV VITRERFRICOEEREL, T3 XA R YV EDHFRIIC X
DIRESRETR LT, WILEORA LR <& 4 TRRIEEEE Y I VRISV TR
ERET, IBUROMEEBEIEVRH B Z L ARR ST,

% 3% [RMMS LD T & RS R T PPAR O&H

EEARMBEEREFOL LY Fr MKFREERF CTh D3 F Y — LGEE 5%
7k (PPAR) |2 L» TG L~ CHISNS - L5, 4 3 5T~ 4 PPAR
DIERAAARE (b & BERE R BUC S 7o 1% B & th T AR MR (L O 5 FASEE I DUV TR L
Teo IXULDIC~F A BEiMEERD O PPARBEF 3 (o BBLVY) B7u—=7 L,
HENFBERA LN L, 2FNR—REEREY 77 A4 7L bIHAEDO b O & FVVE
2R Uiz~ # A4 PPARy Tidt b PPARy & bR U T FESELIC 4T X /8
MMMBFEEL, VT2 FEHICERRGH D Z LWRB I, MIREERE2 AV, BIM
Rasrbic i1 2 e EHBIERA F REORSELEZ R L Z A, BBV 1A% (LPL1,
LPL2). fEWERG R (FAS) B X UVENEEAff{k. (d6DES. SCDa, SCDb) DORInF3
BUTHCARTERNIC R BN 5 LU, TRMB MBI RN E N & DERER > T 52 L3R
Xhiz, ZTOWRET 3D PPAR B#ETIXZNENELR I RBEELZTRL, o T H#A 7
WE—BED L, BV T F A FIIIMMERZ R LIl y 7 # A TORBE L~V IR
bNRholz, TNHLORBEBMEN LRV T F¥ A FIXEHMRs iz VTR 5 %&E %
FoZ LBTRMEE iz, YA PPAR {EBIEE % AV T PPAR B L O T i OIEE R SR T
DB L A, 15d-PGJs, Ciglitazone, 35 & Uf Fenofibrate (XEAR e ZhRITR
Sleholzs, FEREMERENSES 2-bromopalmitate i1~ % 1 G PPARy 3 L OVREE
HEERETF ORET RELWME T, ZOZLhb, < XA IEHHKICE T HHEER
BUZiXy 374 A THREETHZ LRI ND & & bic, BVBREYC X 2 A8iik
BERERE BRI DRI REME SRR S T,

% 4¥ 2-bromopalmitate % V7= IRFMIILIZ 51T D REHE DR~

B 4 FE TIIRTE T 2-bromopalmitate (2 X 3 R S EEEE FOEEBN S B M D
BEICEEBERITTME I DR, ZORETIIELBRAR & BEBAEE BRI OV
TEZDFME L 2-bromopalmitate D FIETHEEENT L, FNBETF %2 AV 25RO EE



RBUCET 2 ASHIRIEH O FREMEIZ OV TRET L, Z{ERED < & A JRIGMIRRIZ 3317 5 i
R & RRIBTE TIIHIBEN~D 7 )V 21— R IR Y IAH O MR IAER 16:1 D& BHIMH R o 4,
O L b, IRIBFR AR OBBITMALEObO LB LTV EE X b,

ElhfR & FIEFE T 2-bromopalmitate ¥z & ¥ PPARy, FAS ¥ XX SCDa DR, L7
BRONWED, TORZHIIREFILITRRY, FEbEv SCDa TIHA 6 f£0FE LT
R L, ZOIRIET 2-bromopalmitate IXMI~DIEHER (M) 77Uk FER) 12X
MEER & holzh, SCDa EWTH DIENER 161 OFEMMA{RE LT, SRR
DEFTHIEE T T 572D~ ¥ A ViR AERAER 18:3n-3 £ 7213 18 2n-6 X XV IAE
e, TG U TRV IAAEEBBREESHMT 28, TA¥ 6 Rfafik (Eh€h
18:4n-3 ¥ 721X 18:3n-6) B LV C18-20 HEIERE(FNEH 20:3n-3 F 721X 20:2n-6)FEH D
AERMBIRD L., IEHRRAETHRENEZH L TWAZ L PR &N, 2-bromopalmitate ¥
T 6 Afafn{bds LU C18-20 SHRIER T L TEIRIT Do 7243, 18:3n-3 ZIRY
AERAETIE SCDa ORIGFRELF L ZOENTHD 1611 BI U 181 OFEAH
ML=, —7 18:2n-6 ZH YV A £ B 7~ HIl Tl 2-bromopalmitate HMIZIEHER R DRI
FRBUCHEE 2B % 5 2 F, 2-bromopalmitate (= & 58 &FEEIZ B iX 3677+ B IEL5ER
WKL VEEBIND ZENRBEINE, REOKRIZ, BESMZEIRFOKRBHD O
D, SHBERFIT X SHEERBRHHBFAIETHH L 2R LTV D,

ABFFEEE L TR MR S LR R BL O 53 FHEIC SV T, £ O—imHB b itig -
Tzo <A JRMERAS LI LT, BRITRRA L « RV iAAR 72 E IR E R ORI R
B ELBUT D Z L AR LRI Ro72i3h, 2 O LPL R F ORI, BEte s
DSBS PPAR OV B FEER LW O OERZ TR T AHELHELTE
D, SHROFBTBHFEND, BHE, BEACEWTIRENRBIEDOTL - EIXMERM
EEATCREFEERE R OBLR b, BRI DR - Bt & &2 VTR
HF AR EFATRREB L TRAON TV DIONRBIRTH D, xR EEZEME LT
A7 V== T 556, AFRTHRE LEFEEREAT 1 =—F —DPREPAFE~D
—DOOEHFEDTILODELMESIToND, Thbb, HRREZAV, BiaTRIACTHE
FHifiZe &2 /NA T — N TITV, HABRERFBROTRZ b - TEHERRSR L 0L Z I
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In vitro study on adipocyte differentiation and expression of adipogenic functions
in red sea bream (Pagrus major) adipocytes.

Abstract

Adipocytes play a central role in lipid metabolism in fish as a major site of body lipid
deposition. Moreover, the number and distribution of adipocytes in fish body are critical
factors to determine the meat quality of aquaculture products. The eventual control of
adipocyte development in fish and the utilization of their adipogenic function will
contribute to the development of new farming technologies. Although adipocyte
differentiation has been extensively investigated in mammals, so far, only limited
information is available in fish. In this study, the molecular mechanisms of adipocyte
differentiation and the expression of adipogenic functions in red sea bream adipocytes
were investigated by using a primary culture system.

1. Identification of adipogenic genes

In chapter 1, to obtain molecular probes for investigation of adipocyte differentiation,
we identified adipogenic genes in red sea bream. Firstly, we characterized the
lipoprotein lipase (LPL) gene which is involved in cellular lipid uptake in adipocytes.
While a LPL-like gene (LPL2) has been already identified in this species, in this study,
we cloned another type of LPL gene (LPL1). Furthermore, by characterizing hepatic
(HL) and pancreatic lipases (PL) in addition to LPL genes, the phylogenetic relationship
of the lipase gene family and the tissue specificities of each gene were determined. The
RT-PCR analyses revealed that both LPL1 and LPL2 genes were expressed in the red
sea bream adipocytes. Subsequently, the adipogenic genes for fatty acid synthesis (FAS),
delta-6- (d6DES) and delta-9-desaturation (SCDa and SCDb) of fatty acids and glucose
transport (Glutl and Glut3) were cloned by PCR from red sea bream adipose tissue. The
expression of these genes in adipose tissue indicates that the adipose tissue has an
ability of biosynthesis and bioconversion of fatty acids. The adipogenic genes identified
herein were used for subsequent analyses.

2. Adipocyte differentiation in vitro

Adipocytes are derived from fibroblast-like preadipocytes. Accompanying with the
differentiation, adipocytes accumulate cellular lipid and express their adipogenic
functions. For the investigation of adipocyte differentiation process in fish, the



development of an in vitro experimental system will be useful since it can be eliminate
the in vivo influences of physiological and endocrine factors. In chapter 2, we developed
a serum-free culture system of stromal-vascular cells (preadipocytes) of red sea bream
visceral adipose tissue and examined the effects of hormones and fat-soluble vitamins
on the adipocyte differentiation. In the presence of bovine insulin, the lipid
accumulation in the cytoplasm by cellular lipid synthesis was observed in red sea bream
preadipocytes within 1-2 weeks. During 2 week cultivation, bovine insulin promoted
lipid accumulation in differentiating adipocytes dose-dependently. These results indicate
that the red sea bream preadipocytes can undergo adipocyte differentiation in vitro in
response to hormonal treatment. By using primary cultured red sea bream preadipocytes,
the effects of insulin, T3, and fat-soluble vitamins (all-frans retinoic acid, retinyl acetate
and 1,25-dihydroxyvitamin Dj;) on the differentiation-linked expression of the
lipoprotein lipase (LPL1) gene were investigated. As assessed by the increase in LPL
gene expression level, like in mammalian adipocytes, insulin enhanced the adipocyte
differentiation in a concentration-dependent manner. T; alone had no effect but
enhanced the differentiation-linked LPL gene expression in the presence of insulin.
Fat-soluble vitamins, unlike in mammalian adipocytes, did not show any significant
effects, suggesting the regulation of fish adipocyte differentiation by fat-soluble
vitamins may differ from that of mammals.

3. Roles of PPARs in the adipocyte differentiation

Adipogenic gene expression is regulated by peroxisome proliferator-activated
receptors (PPARs) at a transcriptional level. In chapter 3, the roles of PPARSs in red sea
bream adipocyte differentiation and in the expression of adipogenic function were
investigated. The three subtypes of PPAR genes (o, B and y) were identified in red sea
bream. The structure analyses revealed that red sea bream PPARs exhibited high
degrees of similarities with their mammalian counterparts. In comparison with human
PPARY, red sea bream PPARy contains an additional 24 amino acid residues in the
ligand binding region, suggesting the ligand-binding property may differ from that of
mammals. During the differentiation of primary cultured red sea bream adipocytes, the
genes for cellular lipid uptake (LPL1 and LPL2), fatty acid synthesis (FAS) and fatty
acid desaturation (d6DES, SCDa and SCDb) showed a differentiation-linked expression,
indicating the adipogenic functions were expressed in association with adipocyte
differentiation. In this process, the three PPARs showed distinct expression patterns: the
a subtype showed a transient increase and the f gene expression tended to increase
during adipocyte differentiation whereas the gene expression level of PPARy did not

.5.



change. These results suggest that they play distinct roles in adipocyte differentiation in
red sea bream. In the differentiating red sea bream adipocytes, mammalian PPAR
agonists, 15-deoxy-A'>"-prostaglandin J,, ciglitazone and fenofibrate did not show
clear effects on the adipogenic gene expression. However, 2-bromopalmitate, a
non-metabolic fatty acid, increased the PPARY and related adipogenic gene expression
levels, suggesting the y subtype plays a central role in red sea bream adipocyte
differentiation and, in addition, fatty acid metabolites can be used as modulators of
adipocyte function.

4, Effects of 2-bromopalmitate on the adipogenic function in the differentiating
adipocytes

In chapter 4, to detemine whether external factors affect the adipogenic function of
fish adipocytes, the effects of 2-bromopalmitate (a PPAR agonist) on the biosynthesis
and bioconversion of fatty acids in differentiating adipocytes of red sea bream were
investigated in vitro. Firstly, we analyzed the fatty acid synthesis in differentiating
adipocytes of red sea bream. During the adipocyte differentiation in a medium without
lipid supplementation, the primary cultured red sea bream stromal-vascular cells
accumulated lipid within 2 weeks by fatty acid synthesis. In the differentiating
adipocytes of red sea bream, like in mammalian adipocytes, the cellular glucose uptake
and the relative amounts of fatty acid 16:1 increased. With the level of
2-bromopalmitate, the 16:1 content increased in association with the increase in the
stearoyl CoA desaturase (SCDa) gene expression level while the triglyceride
accumulation was not affected. Subsequently, the bioconversion of stored fatty acids
was examined. In the presence of 300 uM of 18:3n-3 or 18:2n-6, red sea bream
stromal-vascular cells accumulated the lipid in the cytoplasm within 3 days by fatty acid
uptake with the increase of corresponding fatty acid contents. In the 18:3n-3
accumulated cells, the SCDa gene expression level and the 16:1 and 18:1 contents
increased with the level of 2-bromopalmitate but the production of n-3 metabolites, such
as 18:4n-3 and 20:3n-3, was not stimulated. Differently, in the 18:2n-6 accumulated
cells, the adipogenic gene expression was not affected by 2-bromopalmitate, suggesting
that the effects of 2-bromopalmitate were affected by the stored fatty acid species.
Taken together, the results indicate that the adipocyte function in fish, e.g. adipogenic
gene expression and fatty acid composition, can be modified by external factors.

Conclusion



In this study, we provided molecular information on the mechanisms of adipocyte
differentiation and the expression of adipogenic function in red sea bream adipocytes.
The results indicates that the overall mechanism of red sea bream adipocyte
differentiation is similar to that of mammals but differs in several respects, such as the
expression of two LPL genes, sensitivity to fat soluble vitamins and ligand binding
property of PPARs. Recently, studies on the modification of metabolic function by
external factors have been extensively conducted in fish for the development of new
dietary ingredients and improvement of the meat quality of aquaculture products. For
these researches, our strategy will be useful as a pilot experimental system; prior to in
vivo evaluation by long-term feeding experiments, we can predict the effects of a
possible mediator by small scale and short term in vitro experiments. Our study will
facilitate further study for the eventual control of useful functions of adipocytes in
cultured fish.
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* TG : triglyceride (U 7Y &V K)

- LPL : lipoprotein lipase (V "R % LR 7 B Y /3—F)

- HL : hepatic lipase (fFiE Y /X—¥)

« PL : pancreatic lipase (Y /3—¥)

- EL : endothelial lipase (WEHER Y /X—+)

- FAS : fatty acid synthetase (JEI5ER & FREES)

- d6DES : delta-6 desaturase (/% 6 REAFMLEESR)

- SCD : stearoyl-CoA desaturase (A7 7 12 A /L CoA REAFN{LEESE)

» Glut : Glucose transporter CFFR5HE{A)

» PPAR : Peroxisome proliferator-activated receptor (—2/V24 % 3/ — AHEFEE
FZE5E)
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R & > CORRPHMIEEZERBEER - RMBETHY . EEOIEF RN EE
REEET D, £, EUVBERIIE TOMAMZR SABEBICOM L. BRI L > T
EMOREERRETH—EHL2>T3% (Yamada and Nakamural964, Zhou et al. 1996).,
L7e3 o TREICKT D IEER O A B SCZ£ ORFEME 2 P L, EEICIEEsk o
FRECHBRERBLZHIET 5 Z L5 %EH LWHRAD L B AR EHTHEICE T b0 L
Fahd,

FEWHRR 248 R T 2 B2 BRI RE MR (adipocyte) T 5, B L 7= RERAMNIRRIL AR
BREOREZIETES D, JEHEEODIE L LI-BEE LTWBS, T4 X
BROBIBRAEIGHIREIZ B33 % (Hausman et al. 1980, Ailhaud et al. 1990), AR 235>
b« R LTV @R EZITT 57013, ERNORECE TIREEROALBIRERLN 2 W
DEBEZIT. TORMRBEEZMENTI0REETHS, 0=, MRS
ft« BE LT BRIIHILEIZB VT 3T3-L1 72 &, #4k L 7= BiBRAS Uik R e A ik
& 0 AR U 7= IR R R 2 AV CRERIIZ AT £ TV 5 (Dani et al. 1990, Gregoire et
al. 1998), ZNHDT v A FZOREMIZ & Y HFLFARIHIRE D 53 (KidA R U RRURIR
BNEVIRERAREBNVE Y, A MIA Ko THIIE TV S Z L °(Hausman et
al. 1980, Symonds et al. 2003), % DiRFE TIIMIRN~DIEMEOER L L bic, IR
D IABCRENSEE O B & D8 REY 7 REHEER OIE LR FRE LD Z & 3
LMz ENTVWS (Gaskins et al. 1989, Ramsay 1996)., BRI MRz R+ 5 BF
Rk, THECERBHAROBANOET: - FONHEHETITONTEZ, 6%, &
PIRRITF —BANTIZREN OER - BB EZTOH CThH D LM TE ), BEHRE~R
TFRTHBZVTF U REIND L HIC, NoWEERL LToRELEFERENATE
V. IEUARRR DAL BIEREC T O REOS FHIEICETOMER 177 4 RI A =R

(Adipo-Science) | ¢ TR I AW EF~ & R L TV 5 (Kadowaki 1996, Kawada 1996)

FFEICRBW T, <00 MOAIIERD-T) LRASND LD ITREIZED O
HERETHHREREFTHD, BICvF A e POEEROLVEIAIZ L - Tk, B
R EZT T ZOREBHARE CMbRD oo, SER LOTDOAKIENER
FIIEETH D, €O, FELBHMAREICBWV L, FREESEOESHRGR Y
OFE FIEYGEIC X B EIENE B~ DR EPRF &N TX 72 (Oku and Ogata 2000, Ogata
and Oku 2000a, Ogata and Oku 2000b, Nakagawa 2002), L#>L. ZHHOBFETIEE
WCHEEE BROLFEADWENBEL LTAVWLRTEY . RIE~0lEiEREY. SHHBE
THh DIEHERR O RE LR X - L~V OBFRICE LTk, 53 Thaw, Bali
MR DFEIT OV TR, = F A {FHEAICBO T, RAEBRPKIZRIT 25RO HEF 2
AR FRNCR E LT-FESIA 5 D (Umino et al. 1996) 43, REDGHIRE O F&EHHERZ Dl
HETREENTE LT, 4%, BHEAIZEVTALAHICAKIEEREIHZIT S 7=DIT



. IR L R DRV REO T FREORABLETH D,
HHLBUCBW IR R W L 0 | IEIMIRO R EEHEISHR - 4+ Lv~v
THRFAZN->205H BN, Fhve & biZ, invitro DER%Z invivo DI, H 5 UVILEEEE
e LTERAT 28 A RENTND, HEXE EX¥IVAIF 10 MU EORETY &
B AR IR L &2+ 525 (Kamei et al. 1994) | in vivo IZB W T H 40O FERE D B

B (=—7 V7850 LEYY I ARBERPHETS ZLAALAIENRTNS

(Kawada et al. 1996), F7z. WEIRHHRO S CKFOBERBRLRETLZF TSI Y
AEWIE, v bRRT v FORBIERRELREL, T 2B\ T RIEEER 2
B3 LRHEEN (Hausman et al. 2008) . Z 9 L7z A RIS ESH TOH LWAE
BEERE LTI SR THS, —F, AT, BUEE TIHIAcE 28{LLE
BIERREIAMIRIIRI L SN TE LT, ML~ )L TORFRE LTix, £ L 0 o8 LU-i5
AEAR RO BLAE U 7o BRI AR & 2 NIRRT & RO T B N Sy IS B DTSR
34T T35 (Sheridan and Harmon 1994, Albalat et al. 2005), Z L5 DRFZE L Hijf%
LT 2003 R KEHEY 7BV TR YOIV MR OMIEEE L H{EF e - RESh

(Vegusdal et al. 2003) . AUEAEIFMEIZISUV T HEERAM T COIE DIRFT A AT HE
iotz, LzL, ABHERIISEIZ W TS EIRHEIZOWEN 0 THh Y . 20k
THERE. IO, BRERBUEHE 2 A RIZTAIIEB o TNy,

£ ZCTABE T, ABIEV RS LD 55 FHNE L ORERBBELZA O T I
b, WEBMAL LTEERETHA XA ZAVWTHT E1To72, 8 1 ETIIBEER
5T 28EFOREE - RELZITV. v ¥ M IFHRBOMBEHL NI TDH L L HITHE 2
BB TOME - BEERBLOBIZE LTHW, § 2 BT, ERR L L TR
VREBRB L OEMEERICL D2 0EFER LML L. NTWEOEBELHRH -, % 3
HEB LU 4 BT, BUMRRICIT 2B BN 2 .0 L, TeliAERa D2k
ERRICEWT, IRERHEE 213 Lotk RRBRRETRBEE ) Z L IR~ A8,
ZOWERGTFREIZF 5D EERT PPAR (peroxisome proliferator -activated
receptor) T35 (Morrison and Farmer 1999, Rosen et al. 2007), PPAR XV F ¥ Nk
FRBERTFTHY ., TERBEORR - #4 - BACHEHE T 8 FRAZEE LV
THIET B Z ¢ BMb5 (Schoonjans et al. 1996a, 1996b, Qi et al. 2000), 5 3 ETix
RFPENHIFRICI51T 5 PPAR ORI L MR EIZBIT D EBIZFT L. £lfie T,
PPAR U /v RO BREFRE~DOREL R, FHCH 4 ECIIEROE
RERE (R AEAR B L OELH) #Huliz, PPAR U H Vv M3~ ¥ A IR OHEIC
RIETEELHA LML, HBEFZ2 AW ASEVHRIZI T SRR BLO A AHyHlE
DAHEREIZ DWW THRE LTz,
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B1E IEHERCRT I EERHEEREFORE

AN L > TORRPHEMRITE —ZOIIEHORS - THEOPLEERTHY ., HiEDE
EHHERIC R &E REE 2 BT 7, FARPOREDOLE<II NI ZUEY K (TG) THEHH,
FNoie ) 70k FEGEREEER L 2o TIHBBIZRVIAEN. EHIZ TG ~HERENh
fedb¥u I s VLDL REDYRZ 7 B LThiE%#EiEh 5 (Nilsson-Ehle
et al. 1980), VARF U 7E D TG iIZ& N DIEHRRIIRMERR TR F— LTH)
REN5—F, BUHEARICE D A E TR & U TER & 5 (Nilsson-Ehle et al. 1980),
2, ARNICEHI NS EEBRITEMICFENCBE T2 00EN, BERZEPLH
TIZAREND b Db E £ 5 (Volpe and Vagelos 1976, Wakil et al. 1983), Z i1 &k
I LSRRI BSRT D IEMEE DOV 4L b LTS U TR 2 & DAL E 31T iz
%, TGICHAR SN TEREND (Cook 1991), Z 5 Liziie & Ri=+ 7, BEMMERIC
BOWTIZAESEE DR Y iAL, BB I UOAZEH L CIREERICE DL 2 RBBERC/REN
BETORBENE < B Hid (Ramsay 1996),

FERARARE~D L RIEE DI Y A P LI R R E Rz T OB Y R Z L7 H Y 8
—¥ (LPL) T&%, LPL [3HEMICIIFHY ~—¥ (HL). &Y ~—¥ (PL), NEH
RUR—F (EL) & LBV —EREFEICEL. TG » bIRIIEE % Bl S & 5 MKy
fiRf%3R T 5 (Hide et al. 1992, Wong and Schotz 2002), LPL ixfsicisitskici v T%
TEWRMHRD b, JEVHETAR - FiE iz LPL 3% n I/ 22X VLDL #0
TG Z AR FE L BRI B O 7= o OERENR I EE % {453 5 (Nilsson-Ehle et al. 1980,
Eckel 1987), # M7= LPL {EEIIAEIHE~DIEBRARZIETH Z L L7220 | 5l
FMMBEOHELRER TH D, MBUTBWTH LPLITAESN., 2 TFEDENTEEZRAV
Tethix R RE@E STV 5 (Albalat et al. 2006, Lindberg and Olivecrona 2002), A
PERTHW = F A28V TS LPLRORGF 1 EABECRIEShTEY . £ DR
HERAE D EFRIRE L RO BIMRZ EABEICHE STV 5 (Liang et al. 2002a, 2002b,
Oku et al. 2002),

LPL (2 X 25 RIEE DIV 1A% & & bic, BERE R, FEUiERaafnik, Mk o
REWRRAE B R « EETUSH LI ERORER—HETH D, INVa—AREPLARIN
== n =/ CoA I1fENHBE A REEF (fatty acid synthetase: FAS) )& THRFESEECTH
BRNVIFUER~NLEREND (Volpe and Vagelos 1976, Wakil et al. 1983), A& &
TofafnRE i ERIZER B RISk D b D L FIRRIC, RBHIERSCAREFFE S OMALR L OA TR %
Z175% (Cook 1991), W< ohDMFETRIEE A REER (FAS), TA¥ 60745 9 (R
TT7 a4 CoA) 7 EDRHFLEEFE (delta-6 desaturase: d6DES ¥ L X stearoyl-CoA
desaturase: SCD) ¥ X UHFDI Y IAHIZEE P B Hin%aE (glucose transporter: Glut)
DAELFERIFEB]EFEESH L I STV 5 (Wilson and williamson 1970, Planas
et al. 2000, Polley et al. 2003, Seiliez et al. 2003, Capilla et al. 2004), LA>L722235, f
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FUZBIT D6 DHFEDS  (ZEE O « AFRIE L OBERCIFEEIC T 2%E %
B LicbDTH Y, JEDIHERFE L oFEIC OV T ORI W,

FUFUCIT DAERAHA - REIFIROABMEEZ AL MIT L, T OMIERS B 2 i+
5 ECIOIRERMBEEREFOREBIITAIR TH S, RETIIABUTEIT 3BV
DL L BRER BB T AR ZIT O b 0FE—H L LT, EEA~F A LV ENE
HICEHLAIRMRERTFOI u—=2 T %1To T, FERIEF DU LPLIZOWTIIR M %2
HAREIC T 272 HL, PLBEFICOVWTHIFETHEEL., AEIZBIT 5 U —PRETEK
DEEBEEDTHYT Uiz, THETIZ<H A THEBEC 1 O LPLEREEF IS S
TWBN, HEZ a—=v 7 %70, Hizicd 95— LPL BBEFE2RE Lz, i,
FAS. d6DES. SCD. Glut #fEFiZ oW Tid PCRIZ & W 4yEesI &z tE L, IslikiRks
O, FREBTFOMBIMEZHONTEZLE2ENLE L,

k& Ttk

1. REMA

FRIEA L~ AIERE~ Y Ty 7 (EHREET L 9BALEESRES (2
BERMEFEEI ICBWTHERAFECHE L. V X—E s m—= RACE B XU RT-PCR
WA LEREIEEn2h 290g, 80g, 166g T o7z, FAS, d6DES, SCD k5 & U Glut
Dy a—= 7% RT-PCR L FE—0fEEEZHEH Lz, RIVPCR ICEWTHIHLE X U
BEBUZHER L7z (79 1.8 kg) IXMEEWOKE (ZHIRFEHEET) K VMA L, EHRFE °%
FERFFERTIC B O CHIRFE 2B L CRE Lz, /2, ARERICERA LN kg O~ 4
AAEY Ty (EmRERT) XA LRSS (SERBGEE 2BV
THARE T4 A AlREE (BELUL, REHSPRX) 2L THEE L.

2. VA—BREBETFOREREHI n—= 7 LSRRI OWE

< ¥ A FFHEI L U RNA 2% U .PCR O & LT, ¥ RNA iX AGPC #: (Chomezynski
and Sacchi 198N - L VHIH L . FH LR RNAD 5 5 1 pug # VT cDNA 28R L7z,
cDNA A5%iX 15 L RISFHE TITV, Oligo-dT % AW 2B KX First-Strand ¢cDNA
Synthesis Kit (Amersham, Buckinghamshire, UR)%{#fi L7z, Oligo-dT {Z Amersham
HOBDEER LB, 20T T A= —IZET ¥ 7 Z—BFIHBAMENTEY (Table 1-1)
#1345 FRACE I bR L=,

U R—BREFOIu—=V T IHET T A ~—% H\ iz PCR (Degenerated PCR)IZ &
DITW, 3 By FOMETS S ~—%#ERA L7 (LP1: LPLOIFb & LPLO6Ra. LP2:
LPLO2Fa & LPLO6Ra. ¥ L U*LP3: RSPL2S & RSPL2A), (i L7774 - —DHEE
51X Table 1-1 12779, PCRICIZAK L7 154 LD ¢cDNA D 55 0.5 pL % 25 pL K%
WZHE L7z, PCR BUSIROMEKIX 0.5U Taq polymerase (Takara, Tokyo, Japan), 200 uM
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dNTP, 10 mM Tris-HCl pH8.3, 50 mM KCl, 1.5 mM MgCls, 33 L X 20 pmole D75 A
v—& Uiz, BB 40 Y1 7 AT, A 7 VX EEM 94 °C 0.5 43R, sHE RIS 50°C
0.5 77, MREIG 72°C 0.5 SHDOFEMHFTITV, BRTHRIZIX 72 CT 3 mMERRIGZT
o7, WEMA X9 X3 R #— (pCR2.1, Invitrogen, Carlsbad, CA, USA) 27
—=r 7L, BEENERE LT, bbET, < FA DB BT 7F D DNABTHFDZ
—= U B X UOMERSZRE Uiz, FEZERCHETTITW, ERLEFSA ~—Di
#AEdF (BACTO1F 33 LU BACTO2R) X Table 1-1 {2588k L 7=,

3. ¥IBILWHRACE (Rapid Amplification of cDNA Ends)

FE LY A—FREFIT B LV SRACE #EIC X W meROEREN 2 RE LT,
3RACE (2137 ¥ 7 & —fFI+M Oligo-dT TR E U7z iFiElEm 3 cDNA (EfEnbod
m—) Z#FRE UTHERM Lz, YRACE IZix BREICT ¥ 7% —EH| %M L7z ¢cDNA %
W L7z, SRACE HDORHEgE DT 472 —{4/ cDNA {EfKiZiZ Quick Prep Micro
mRNA Purification Kit (Amersham)is £ 18 SMART cDNA Library Construction Kit
(Clonetech, Palo Alto, CA, USA) #f#H L=,

RACE I Nested PCRIEIZ X % 2 EHEIE TIT o7z, & PCRIZAWET ¥ 7% —B LU
BFRENT 5 A < —OHEIEEFIL Tablel-1 iZ773, —EIH® PCR O&HEI/n—=
7 DEELEIGRMEL Uiz, PCRI& TR, HIEE®Z 100 %AW L. Nested PCR 08 & L
7z. Nested PCR iIXf&RIG%E 55 CTITo 7 USMI—EIB L REHTIT-7, 2B, LP2
® FRACE B X WLP3 @ 5RACE {2 oW Tk, —[E H @ PCR THBW A B3 b =iz,
Nested PCR {17 h-%, RACE HBIZ L VG ONHEMAIZSFAI Ry F—
pCR2.1 (InvitrogeniZ 7 m—=2 7 L, HHEFI % HE Lz,

4. 53 FRACAREAT

2 A Y R—BREFIIMMOEGTEDO L O L L HITT I 7 BEFILRIC L 5 40 F R/
Wr&iT-> 70, SCEREOEBESE NI ) I X v E L. fZHTIZiZ DNASIS Pro Ver.2.06
(Hitachi, Tokyo, Japam) Z{EH L7=,

5. EMERHCELRMBEEREFD 7 n—= v 7 L AR ORE

JERAER B RkEER (FAS). A7 7 uA )L CoA Rfafn{bEE#E (SCD). T4 6 Faf{kit
# (d6DES) B L Uk EGIWBEF D7 v —=V JIIHE T 7 A ~—%2 AWz PCR
IZXD1To7z, FAS, d6DES., Glut iZiZZFNEN 1HOMEF 7 ~v—%, SCDIZ2#
(SCDa BIV'SCOL)DT T A ~v—&FEA L. AWET T A v—DHEILEF X Table 1-2 i
RLT,

SANIIAE AR Sk cDNA 2/ U7z, FERENEEIMERRD & D% RNA #hii: AGPC
# (Chomeczynski and Sacchi 1987) TIT\ ., # RNA % 1 png % cDNA G RRIZEER L,
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cDNA &1kt 15 uL &R TfTV O random hexamer 7 F A < —X & O First Strand cDNA
synthesis Kit (Amersham)#% {#f L7z, PCRIZIZARR LT 15 pl ® ¢cDNA D H 5 0.5 L
% 25 uL BUSRICHER U, KIS O#EUT 0.5 U Taq polymerase (Takara, Tokyo, Japan).
200 yM dNTP. 10 mM Tris-HCl pH8.3. 50 mM KCl, 1.5 mM MgClz, 3 L ¥ 20 pmole
DTFA=—& LT, HIRIX 40 YA 7 VATV, YA 7 VIZEEM 94C 0.5 3. 46
K& 50°C 0.5 23R, HERG 72°C 1 0L TIT, B THEIZIE 72°CT 3 Sl ER
IEEITo T2, WRWTR X797 X I FR_7 #— (pCR2.1, Invitrogen, Carlsbad, CA, USA)
iy u—=v7 L, HERFZRE L,

6. RT-PCR

FE Ll & A U R_—EREFREDOME S AL RT-PCR £ TR E L7z, RNA iIfEHEN
fERGHAREL. #R. O, PR, iR CERIBafn). £ (Uf). JIRB LI UMEE (R
) Lo U7z, # RNA #iHiX AGPC £ (Chomezynski and Sacchi 1987) TiTu>,
¥ RNA % 1 pg % cDNA GRUICER L7z, ¢DNA A5kl 15 yL KIGR TITVY, random
hexamer 77 A = —}3 & (X First Strand cDNA synthesis Kit (Amersham) #{£f L7z, &
B L72cDNA D55, 4 0.5 pL % 25 uL IGRD PCRICAVWVE, F72, RISHKOMERIL
ru—=r OB RS Lz, PCRIZ X BtEIZ, U —¥REBEFIT 301712 L,
FrW A 7 VTEEM 94T 0.5 . HARIG 55C 0.5 2. ERIG 72°C 0.5 5fD%
fHETITV, ETRRCIX 72CT 3 MM RRIGETo 7, WIEESOS b 5uL &, =F V0
A7a<wA REEL3%T e —AFVERKEIZITV, B FREZKRE L, &V
—PREFRFEN RTPCRIZHER L7 7 A <= —0EEAEFUIL Table 1-1 1278 Lz,

FAS. d6DES, SCD B X O Glut BnFDRHIZOWTIL, #HiE%x 40 %1 7 & LTzEL
NI LR ERFEFTITo 7. FRIEFRENT T4 v —DIEEAFNI Table 1-31Z/R L7z,

7. W52 SV(stromal-vasculan)ffa DR & RT-PCR

RIS IR %2 & Te~ ¥ A SV MR IIREREN R IR DBEREIBIC K DR U, R
U 7-BE AR 5% v S liET VT I & ETe PBS I CHIYI L. Z OB 1 mg/mL
® Typel = F 41—+ (Invitrogen) ZMx. |EIZ TN L7z, H{L#EIX 200 ym
DFA Ay 2 TERIB Lz, 800xg T30l L, REMsHME (L@ &
SV sy (P ZoMEL7-, B L7- SVESIIEERSGHICBEL., H80% = 7i=
Y h (43x10¢/cm2) DFEHT 35mm D77 AF v 7 R IITRE Uiz, BRI
DME/F12 (1 : 1, v/v) 15 (Invitrogen, Carlsbad, CA, USA) iZ 65mM NaCl, 10% 7V &
f&Y2M3E (Invitrogen). 100 pg/mL R U7 k=4 LB LTR100 UmL =Y V&2
MUT=bOEER L, 2 A#IC SVAIRIXMERE OREHC 3 BT L, IS OMis %
BRuviztk, EHIC2 B L. RT'PCRIZEEA L7z, # RNA #itH, cDNAARB L '3
0% A Z7)v® RT-PCR X LiE L RIEED HFIETIT -7,
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iR

1. ¥4 B1} 3 LPLEGRTFB I Y R—ERETEORT

WESI7A~—%BAWEPCRIZLY 3HD Y R—¥EETF (LP1, LP2 BLWLP3) 4%
v FADOFZICFESh., ThEh RACE #EIC & W 2R OEEEN 2 HRE LT, DFFR
REATIZ L D 3D Y HR—FPREFIZENE N LPL.HL B L' PL & FHl &z (Fig. 1-1),
INETBRIZVH A THEIN TS LPL&#ERF (Genbank Accession No.AB054062,
Okuet al. 2002) IXRF L, fEY R—EB LD b LPLIZEE LT3 72, BERIZ LPL
OIRERET (LPL2) &L, SEFEESN: 32 ZhFh LPL1, HLELXWPL & L
7= (Fig. 1-1), 728, SEEE L8 EFid~ 51 LPL1 (AB243791). HL (AB252855)
B L UPL(AB252856) & LT —# ~X—R GenBank 2%k L7z,

2,256bp M~ ¥ A LPL1 & {&FiX 54iZ 142bp, 3MIIC 542bp DIEFTMREURZZA TE
V. 1,66%9p @ ORFIZiX 523 D7 I /EE% =— FL T (Fig. 1-2), 2,261bp @ HL
BRI 54 170bp. 3T 597bp DIEFAR AL E A THK Y . 1,491bp ® ORF iZ1X 497
BoOT7 I JBEEa—FLTW=(Fig. 1-2), $£72.1,500bp @ PL #{=F1X 72bp 3 & U 69bp
DIEFREEZ IR LN E A, 1,356bp @ ORF X 452D 7 I /E%Z = — KL TW
7= (Fig. 1:2), < XA TRIEESNTWA I AA—Y 4 BOT I /BEFI 2T, HBE
12 18—41%DAEEMZR L, i (catalytic triads)PEE A (lipid binding
region) 72 ¥ DHHE K A A VidREFEES TV (Fig. 1-2),

LPL2 Z&¥, 4 FEED Y RN—EREFREDHEMP T E RTPCR ETHATLL Z A,
LPL1 DfFATORIIIFB - 7208, 2FEHHO LPL##EF (LPL1 B8 X' LPL2) Xigl
M T, R Lo ThofcbREBErmR s (Fig 1-3), k7. HL 3T
AT RANICHEL U, PLIIAFIERRIS K OHER CRESHER Sz (Fig. 1-3),

RERENREARLAE & 0 FRESIEE & AV CREE L 7-RiBRRERA MR 23 Te SV MRBIZEV T,
KU R—PREFORBZHRLTZL Z A, LPL1 3L LPL2 iZRENHEB I N3,
HL B LU PLIZOWTiE, BEFRBUIR Ohieh ol (Fig 1-4),

2. IBRiRRA RRRER. A AafLRER B L UM AR E T ORE

RS Z7A~v—% MW= PCRIZL Y FAS, SCD27FE (SCDa ¥ L 1¥SCDb). d6DES @
FRETOWOSWR 2 r7u—=r7 L, HERFZRE L, GlutiX 1ty NOHETS
A= XV BELZ PCR¥TFH 277X FIkZ u—=r7 1,10 7 u—r 0 ERS %
WELIZEZ A, WHILEGlutl BXZ R Glut3 iIZFY T 5 2EHOBETFHABE T T
Tro RELT=~< %A FAS, SCDa. SCDb, d6DES. Glutl X W Glut3 O/ #EILEFIX
Wb T —FX—2R Genbank IZH& L7z, F#IEF D Genbank Accession FF X
Table 1-3 1278 L=,
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RT-PCRIZ LV | RIE LB Ok 2~ 7- & 2 A, d6DES O F BT IEHhEHE.
PR L O GRIEEY OAFERIZBTE L Tz (Fig. 1-5), —J7. FAS, SCDa,
SCDb, Glutl BX U Glutd OBEFRIIIMRETL-WTHOMERICBOTHERD bz

(Flg. 1'5) o

EE

AE TR D5 L BRERBUSE 2 BT T 2 -0 FRIEZG 57D, BHEE
BB LA 2~ XA ICBWTRE L, RI'PCRIZ L V| = & A EISHBIZIS W T L
&b 2% O LPL RIS T, JEVER G HBESR (FAS) . 3TEDERE A af LBk (SCDa.
SCDb # L d6DES) 2%, 2 oA (Glutl B8 LU Glut3) OBIEFHH
BT BHZEBHLNL 2T,

2 HXAAIZBVT, ZRETIREE ST 5 LPLEREIRT (Oku et al. 2002) 239,
2 fEiEH O LPL @ FMRIE S iz, &4 LPL1ix LPL2 & bl U T oy 7 REMATH> D1t
A LPLIc L i ThHd Z epr&h (Fig 1-1), FER¥ A 7O LPLEBEGFTHD
LBZOND, KRBT F A ELICHYTOIBEFERETSH Z LIETE o7k

(Fig. 1-1), WYLECRAE &N ELiZHR AR Y ~8—F AL BEOFEMEZSR L, LPL & 13484
RIS 2R 2 EBmbiud (Jaye et al. 1999, Hirata et al. 1999), 724 %H, LPL
DREBHMENVERNL T b 5 FFIE. I B R L AR T EL #8513 R8 817 5 (Jaye et al. 1999,
Hirata et al. 1999), LPL2 % LPL1 & OIEEFREOEBOADERIIR AR -
7z (Fig. 1-3) 23, #HEEMNLRELEN OB EL IS T 2B H 0, SH~F 1Y
R—PREFIREOL2EBEEZD LTOERLIBIIPLETH S,

2 FEF D~ ¥ A LPL IR LIz TOMBTRENED b (Fig. 1-3). a2k T

BERBNCEET 2B hlbhd, =UwARva—a vy INF A Th#HEIhTW
BHEHI. WABDGE LR B (FEE) B\ TH LPLEBRIIREDH LN TEY

(Lindberg and Olivecrona 2002, Saera-Vila et al. 2005) . LPL D#H#ks3 70 1L A3H & WA
BHCTRR2bDLEZ NS, HL BEFRBUIHILBRERITIREIC BTE Lz 23, PL 3T
B, FEMERIC VT LB SN (Fig. 1-3), < & A CTIIFEMMRILE— 0l (%
W) A RR SPRFE AR MR TPICHBIE L, S 0HIRERC T 2B TIE. MIENER
MR 2R B L S ICRETH Z 3855 (Umino et al. 1996), RT-PCR I
& B RaGHEAE T PL A T REM I, BBV TICIRET 2 BRI sk L7 wsetE
D, ERRICPERZREZR VT, BRIREZE 2V SVAIRE (RIBEIEMRaCShE e
fzET) ORBIZBWTIE, PLEEFRBUIRBENRT (Fig. 1-49 . PL&EEFIXIEN
MR TRERLEVbDEEZLNRS,

o, RETIIEHRER (FAS). Fafift (SCDa, SCDb ¥ & T*d6DES) 35 L Uk
DY A% (Glutl BL T Glutd) IZBI5T5RIEF S PCRIEZ L VI n—=2
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7L, RT'PCRIZL Y ZDOMBE 2 E LTz (Fig. 1-5), FAS #=TImisliE. BER
L CRBIZBWTHLRESh, FOBEREITIN TS (Paulauskis and Sul 1988,
Jayakumar et al. 1995, Yen et al. 2005, Plagnes-Juan et al. 2008), WL TIZEE /2%
B & U TR RE S b 525, £0MIC b, M. Hile CEHEICEE TR
B3FRH 55 (Paulauskis and Sul 1988, Jayakumar et al. 1995), =& A28\ ThH,
FAS BEFRBUIMH LT _RTOMBRICTBW TR ER (Fig. 1-5), AEAMICEL 5%
THLDEEZLND, SCD EHEEOT VY IMIC BB 2HATIERHZTHY., A
FCIHEBRA P A~DIREREBEFE LTHHLNS (Tiku et al. 1996, Cossins et al.
2002), THNETIZIABIPaALITBOTENREFN 2FED SCD BB FBRIEINT
W3 (Kaestner et al. 1989, Polley et al. 2003), SEI=ZAIZBWVWTH 7 u—=v ik
D 2D SCD #f5F (SCDa 3 XU SCDb) MREIESi=As, Wid ORI/ AL D&
WIR 6T (Fig. 1-5), HEENLRZRIBREATIITHATSH S, BHBROT VY 6 fiLic
“HEGEH AT D d6DES 3FEREfAEE (HUFA) GRICEET5BETHD
(Horrobin 1993), d6DES BEFILIHES — 1 vy _IAF A IZBWTHREES ., £ O/
RUTBWTIINE PR - BB SO EE 2 ET) KELSRBATIHIZ LBARES
TW5 (Seiliez et al. 2003), <& A BTG TRV CTRELS R o, Bl
LEeRBAMETHLDEHZ 2 OND, ML TORRCKW TS EEIERER b O
ELTA2DHTZA7 (Glutl-4) Babiv, DI H Glutd BREVHERE TORIL Y iAH
WD R 5B & B2 9 (Mueckler 1994, Olson and Pessin 1996) , A#F52i235V T Glutl
& Glutd3 @ 2FFHOFREICRI LR, Glutd 7/ n—= 75 Z LI TERPo T,
FEITRT D7 B—= U SRRIC L D | < &1 BT B IR SRS RE T % 8
FEERIET D Z B TE, ZHOITHMROBERICKT 2 TERE, ThbbIEHED
WY iAZ, PERAERAEARR. BB ARl XL OEmRICEET2 DT, 29 LEREEB
TORERFAAEOETHENT 5 Z I2 X 0 GER»OE &R HIRE DR E-CHER
TLAREZFMm T2 b DB LN,
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Table 1-1 Oligonucleotide sequences used for partial cloning, RACE, RT-PCR and real
time PCR of red sea bream lipase genes

Partial cloning of lipase genes

(0ligo—dT, Amersham) 5' -AACTGGAATTCGCGGCCGCAGGAA(T)1s

LPLOIFb 5' - TCCAAAACCTTGTGGTCATACACGGGTGG-3’ (res.46-55 in human LPL number ing)

LPLO2Fa 5'~ GATAGCAACGTIAT (TCA)GTIGTIGA(TC)TGG~3" (res.77-86 in human LPL numbering)

LPLO6Ra 5' -GGTGTGAAGGACGTCGACAAAGTCAGCGTCGTC-3" (res. 206-216 in human LPL numbering)

RSPL2S  5' - TTAACTGCATAGTTGTCGA (TC) TGG~3 (res. 100~107 in human PL numbering)

RSPL2A 5 -AAACCTGTCTGCATAATGGCCCAT-3' (res. 308-315 in human PL numbering)
BACTOIF 5 ~CTGCGTCGCCTTGGACTTCGAGCA (AG) GA (GAY ATG-3" (res. 220-227 in human beta actin numbering)
BACTOZR  5' -CTCGTCGTACTCCTGCTTGGA (GAT) ATCCACAT-3'  (res.355-362 in human beta actin numbering)

3 and 5 RACE
3’ RACE
Antisense (First PCR)  Notl-01 5 -AACTGGAAGAATTCGCG-3
(Nested PCR) Notl-02 5’ ~AATTCGCGGCCGCAGGAA-3
Sense (gene specific)
LP1 (LPLY) (First PCR)  PMHLOSF 5’ -TCCCACGTTCGAGAACG-3' (res. 213-219)
(Nasted PCR) PMHLO6F 5 —CAGACAACCAGAACACC-3’ (res. 219-224)

LP2 (H) PMPLOTF 5 -GTCAACGTGGTGATTACA-3"  (res. 107-112)
LP3 (PL) (First PCR) PanlOIF 5 ~CGCCAGGGTTGTGGC-3' (res. 121-126)
(Nested PCR) PanLO5F 5° -AACTACAAGCAGAAGGC-3' (res. 139-144)
5’ RACE
5' Adaptor (SMART IV, Clontech) 5'-AAGCAGTGGTATCAACGCAGAGTGGCCATTACGGCCGGG-3"
Sense (First PCR) 5 R-A3 5’ -GCAGTGGTATCAACGCAGAGTGGCCA-3'

(Nested PCR) 5'R-B3 5 -GGTATCAACGCAGAGTGGCCATTACG-3
Antisense (gene specific)

LPt (LPLD) (First PCR) PWHLO4R 5 —GTGGCCCACGGGTCT-3" (res. 252-256)
(Nested PCR) PMHLO3R 5°-GGGGAGCCTCTGGTGTT-3 *  (res.239-244)
LP2 (HL) (First PCR) PMPLOAR 5 ~TGAGGCCCATACGTTCAT-3'  (res.217-223)
(Nested PCR) PMPLO3R 5’ -CAGTCTATCCGTGGGAG-3' (res. 196-201)
LP3 (PL) PanLO3R 5'-AGCCTTGGGGTTTAACCAT-3'  (res. 273-279)

RT-PCR and Real time PCR

LPT (LPLY) PMHLOTF 5" ~CTCAAGACCCGCGAGAT-3' (res. 360-365)
PMHLIOR 5" -AAGCGTCGCTCTGACC-3' (res.519-524)
LP2 (HL) PUPLI2F 5 -ACAGTCCCTGAAACAATTTG-3"  (res. 380-354)
PUPLIOR 5" ~GACTAAGGCTCCCTCAC-3' (res. 494-499)
LP3 (PL) PMPanLO7F 5'~GCTGGCCCAATCCAGG-3 (res. 349-354)
PMPanL11R 5' -TTAAACTTGGCATGGTAGTAC-3' (res. 447-453)
tPL2) PMLPL1BF 5 -ATTCATTCCTGCTGGTGAC-3"  (res. 406-412)

PHLPLOSR  5°-TCAGTGCTTCTCCAGAGTTAC-3' (res. 506-512)

Beta actin PMBACTOIF 5 —GGCACTGCTGCCTCCTC-3 (res. 228233 in human beta actin numbering)
PNBACTO2R 5 -GCCAGGATGGAGCCTCC-3' (res. 342-347 in human beta actin numbering)
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Table 1-2 The oligonucleotide sequences for degenerated PCR

(Forward) Approximate position

sequences
Target Genes (Reverse) g of human counterparts
Fatty acid synthetase 5' —GGGAAGTTACTTTGGAAGGACAAYTGGGT-3'  (res. 1018-1027)
(FAS) 5" -TCCCCACGCTCCATCCCGGTANACRTTCAT-3'  (res. 1503-1512)
Stearoyl CoA desaturase a 5' -TGGTCGCGAGATCACCGAGTGCAYCAYAA-3' (res. 153-162)
(SCDa) 5" —CGCAAAGGTGTGGTGGTARTTRTGRAA-3' (res. 297-305)
Stearoy! CoA desaturase b 5 -TCCGAGACAGATGCCGAYCCICAYAA-3’ (res. 164-172)
(SCDb) 5' —-CGCAAAGGTGTGGTGGTARTTRTGRAA-3’ (res. 287-305)
Delta-6-desaturase 5 -CTCAAGGGTGCATCGGCCAACTGGTGGAA-3' (res. 206-215)
(d6DES) 5" -ATGGCTCATCTGGGTAACCCANACRAACCA-3'  (res. 334-343)

Glucose transporter 1 and 3 5 -GGGTATAATATCGGGGTAATCAAYGCICC-3’ (res. 27-36)
(Glut1 and 3) 5' -ACTAAAGAGCTCTGCGACAATRAACCA-3’ (res. 387-396)
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Table 1-3  The oligonucleotide sequences for RT"PCR

GenBank (Foward) Amplified fragment
Target gene accession No. (Reverse) Sequences length
Fatty acid synthetase AB298550 5" -AGCTGTTCATCTGGGGAT-3’
(FAS) 5" —CTGGGAAGAGGGCCATC-3' (345bp)
Stearoy|CoA desaturase a 5" —CTTCGCCCACATTGGTTG-3’
(SCDa) AB29B551 5 ~GACTCAAAGCAACCATTGC-3" (3426p)
Stearoy|CoA desaturase b 5' -CTTTGCTCACATCGGCTG-3
(SCDb) AB298552 5' -CGCTGAACGTGACAAACTT-3" (342bp)
Deita-6-desaturase 5’ -GCAGTTCCAGCATCACGC-3’
(d6DES) AB298553 & _ACGAAGCTGATGAGCGC-3" (330bp)
Glucose transporter 1 5 -TTGTCTTGGGCATCCTTATT-3' (351b
@lut) AB298554 5 -AGAGCTGCAGGACGACG-3' P)
Glucose transporter 3 5 -AGTTATTGGCATCCTGGTG-3’ 351
Glut3) AB298555 5" -AGAGAGCTGGAGGATGATA-3" (351bp)
Bactin AB252854 5 -GGCACTGCTGCCTCCTC-3' (3096p)

5’ -GCCAGGATGGAGCCTCC-3'

-20-



Mouse LPL
Human LPL

— Bovine LPL

b Pig LPL

b GUinea pig LPL

Chicken LPL

—= Red sea bream LPL1
=i |thead sea bream LPL
Trout LPL

Zebrafish LPL
r Red sea bream LPL2

= Human EL

Mouse EL
Zebrafish EL

Human HL
Mouse HL

Red sea bream HL

Zebrafish HL
Human PL
Horse PL
Mouse PL

Dog PL

Red sea bream PL

0.1
Genetic distance

Fig. 1-1 Phylogenetic analysis of LPL, EL, HL and PL

The phylogenetic tree was constructed using DNASIS Pro version 2.06 software
(Hitachi, Tokyo, Japan). The sequences of red sea bream lipases are underlined. The
GenBank accession numbers used in this analysis were as follows; red sea bream
LPL1(AB243791), red sea bream LPL2(AB054062), red sea bream HI(AB252855), red
sea bream PL(AB252856), mouse LPL(NMO008509), human LPL(NMO000237), bovine
LPL(XM616349), pig LPL(X62984), guinea pig LPL(M15483), chicken LPL(NM205282),
gilthead sea bream LPL(AY495672), zebrafish LPL(BC064296), rainbow trout
LPL(AJ224693), human EL(NMO006033), mouse EL(NMO010720), zebrafish
EL(BC044146), human HL(NMO000236), mouse HL(NMO008280), zebrafish
HL(NM000936), human PL(000936), mouse PL{NM026925), horse PL(X66218), and dog
PL(M35302).
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LPLI MG KENISFLTVH | ILGKIFATF SSDPEPTTTS SSSSSSTVFV NTTITATPLP TTTEWITDYT 62
LPL2 ——— i KAWRVVFLYF LVLNAVVGHV TSLEEELSDS IFGNFLDPLK DLIEHKDDAN 51
HL ——MNSVVKI LCYLLLTYHL NEAKKTKGSR AADEEQRGVL 36
PL MRLRSVLMSW AALMTCLPWG GTAGRPASVL PWHLEEIGTR FLLFTOKNRY YOEIKTDON! QASNYSGMRK 10

*
LPL1 DI—VSKFSL RTADIPDDDM CYIVAGSPDT {EDCEFNPET QTFIVIHGNT VTGMFESWVP KLVSALYERE 130
LPL2 GT—VAKFSL RKPSHPDDDL CYIVPGKPDS LAACTFNSSS KTFLVIHGNT LSGNFESHVA KLVSALYERE 119
HL KP—HVSSSV FGLFVEGEEN CALDPLQLHT LTSCGFNSSN PL1)ITHGNS VDGMMESWVH RLATTLKTHL 104
PL TRFIIPGYLE KGDEDWPGDY C-KVMLK-HE NVNC- 102

* * * * Xk okkiok * %
LPL1 PSANVIVVDW LTRANGHYPT SAAYTKLVGR DVAKFVTWIQ KELHLPWDR! HLLGYS|.GAH VAGIAGDLTE 200
LPL2 QTANVIVVDY LTSAQNHYVY AAGNTKAVGQ EIARFIDWIE ETTNMPLEN! HLIGYSLGAH VAGFAGSHAT 183

HL IDVNVVITDW LLLAHQHYPT AAQSTRTVGK DIAHLLQSLQ VHYRFQLRKA HLIGYS|.GAH ISGFAGSYLE 174
PL ~———IAVEW KKGVKTGYAQ AANNARVVAA QVASMITFLM GNYKQKADKF HI)GHSI GAH AAGDTGSRIP 167
TRk dokk % *E KK kK X kK bk

LPL1 H-—KISRITG LDPAGPTFEN ADNONTLSPD DAGFVDVLHT NTRGS-PDRS IGIQRPVGHI DIYPNGGTFQ 267
LPL2 N—KVGRITG LDPAGPDFEG MHAHRRLSPD DAHFVDVLHT FTRGS-LGLS IGIQOPVGHV DIYPNGGSFQ 256
H GSEKIGRITG LDPAGPLFEG MSPTDRLSPD DAEFVDAIHT FTHER-MGLS VGIKQAVAHY DFYPNGGDFQ 243
PL G—LARITG LDPVEPYFQD TDASVRLDTN DAIFVOVIHT DGLPFDSKLG LGMSHSVGHI DFYPNGGELM 234

ok * k% * * * x
LPL1 PGCDIOSTLL GIALEGIKGL QNMDQLVKGS HERSIHLFID SLLNTEGQSM AYRCNSKEAF NKGLCLSCRK 337
LPL2 PGONLRGALE KIANFGIFA- —ITDAVKCE HERSIHLFID SLLNEQEAAK AYRCGSSDMF NRGMCLSCRK 323

HL PGCDLGNIYE HIAGYGLLG- —FEQTVKCA HERSVHLFID SLLNEDKGSM AYRCSDNSAF VKGVCLDCRK 310
PL PGCSTNRGPP TDLDAIWEG- —TKKFDACN HVRAYQYYSE S-MVKPQGFY GFPCSDKGSF AAGKCFPCAH 300
x X%

LPL1 NRCNKLGYNI NKVRRTRSTK MYLKTREMMP YKVFHYQVKV HFFSKDPLSF TDOPMKISLY GTHGEKEDIP 407
LPL2 GRONTVGYDI SKVRKARNVQ MYTKTRASMP FRVYHYQLKI HFSSKVNRSE MEPSLTVSLY GTNGEAENLE 393
HL NRCNTLGYNI RKVRSGASKR LYLKTRSRMP YKLHHYQFR] QFV—NQMES (EPSLTISLS GTKEESGDLS 378
PL DNCPLMGHDA DRFTVTDDVL KMKYFLNTGR SEPFGRYSYR VIVTLDGPSW PNP—-GFLY VALAGDND-- 365

LPL1 HVL-PVMKGN TTLSFLITTD VDIGDLMIVK LRWEKDTIIS WS -DWWGSSKFH IRKLRIK— 464
LPL2 LKLKEKIATN KTHSFLLVTE KDIGDLLMLK FKNE-ETNG- WSTSNMLKMV SSWWSGDSDG ANMEVHKIRI 461

HL ITVPETIWGN KTFTFLITLD KDLGDLMLLK LHWE—GSAM WKNVWNRVQT |IPWGSRRMK PLLSVGKISY 446

PL ————NT EEYOLHVGTL MPGRTYELL! DAEVNVGS— ——VTEVKFR WNNHILNPLN PKYGASKVAL 422
*

LPL1 -SGETOSKVI FSAKEGEFVY LVRGGEDGVF VKSKEDNLSR KEKLMHKLKK QGSLFGOSDA 523

LPL2 RAGETQQKMV FCVKDPESQK L—TQEVTF VKCKDAWRIN SKQTPKRVIL EKH ]|

HL KAGETQERTS FCAMTNEDQQ VEVSQDKV-Y VRCKEETQKQ RRRKHNRLVR EP 497

PL QRGKDKMItF FC———GTQ KVEENEIQSV LPCQV 452

Fig. 1-2 Comparison of the deduced amino acid sequences of red sea bream LPL1, LPL2,
HL and PL

Gaps (-) were introduced to maximize sequence identities. Catalytic triads are boxed
and lipid binding region is underlined. Asterisks (*) indicate conserved amino acid

residues.
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Fig. 1-3 Tissue-specificities of red sea bream LPL1, LPL2, HL and PL

The expression of each gene was detected by RT*PCR. The RNA samples were extracted
from 1) adipose tissue, 2) gill, 3) heart, 4) hepatopancreas, 5) gonad, 6) muscle, 7) ovary,
and 8) testis. The cDNA samples were prepared with reverse transcription (RT+) and
negative controls for contamination of genomic DNA were run without reverse

transcription (RT—).
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LPL1  LPL2 HL _PL _ Bactin
RT + - 4+ = + = 4+ = + =

Adipose tissue

Fig. 1-4 The gene expression of lipases in red sea bream adipose tissue and cultured SV
cells

The expression of each gene was detected by RT'PCR. The RNA samples were extracted
from visceral adipose tissue and cultured SV cells of red sea bream. The cDNA samples
were prepared with reverse transcription (RT+) and negative controls for contamination

of genomic DNA were run without reverse transcription (RT—).
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Fig. 1-5 Tissue specificities of red sea bream FAS, d6DES, SCDa, SCDb, Glutl and
Glut3

The expression of each gene was detected by RT-PCR. The RNA samples were
extracted from 1) adipose tissue, 2) gill, 3) heart, 4) hepatopancreas, 5) gonad, 6)
muscle, 7) ovary, and 8) testis. The cDNA samples were prepared with reverse
transcription (RT+) and negative controls for contamination of genomic DNA were run
without reverse transcription (RT—).
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B2F AELIMBL S LREER ORENL

RE A MR XA S M RAR DO BT BRRERARERR I 3R L. £ O EITEWRRENICIE 2%
BT % (Hausman et al. 1980), & o THEUIMRROSLITAEEN~DOREEREZRET S
HELERO—2>TH D, WMABUTRIT D50 SAENHIIE O LI U Tidkk 4 255
HRETRBEAZHED. TOBEEZRBL TN ZEBH5NA TS (Gaskins et al. 1989,
Ntambi and Kim 2000), #lzIZFDH bLo—o, URZ L N7EY R—¥ (LPL) X0
v—H—BEFTHDEZLBREHLNTWS (Dani et al. 1990), LPLIIARIHHIAZIZE
TP Lo DRRVAHICEEL, MRE~OEHERICHLARERHERZT

(Nilsson-Ehle et al. 1980) , 2 D7z % LPL B85 FRELSCEERTEMEIL in vitro B X U in vivo
BWT SR OSEEE L LTHRA SR TWA (Vaet al. 1996, McNeel et al. 2000,
Ding and Mersmann 2001),

RENGHERE A iddk 4 R V€ 22 EANEIRFIC L 5l 2% D (Gregoire et al. 1998,
Boone et al. 2000), 7z& xiX, 4 VRV IHILERLEEICB O CTEBAIRMLIZSNET
HBDZEBRWEINTWSD (Dani et al. 1986, Suryawan et al. 1997, Ramsay and
Rosebrough 2003), % 7z HRIEHVE 2 Ts bERLAGAMENE Ob17 O3 {b B35 = L /8
HHN TS (Gharbi-Chihiet al 1981), S HITREME Y I THHEX I ASLD B

B SHMEICERIT 2 2 e R L <mbhTH Y, all-trans VF /1 V8 (RA) X 1,25-
YeuonFxIEH I Ds (1,25(0H):Da) i A FRAYEE B I BV TS a5k 2 FRET 5

(Sato and Hiragun 1988, Kawada et al. 1990, 1996, Suryawan and Hu 1997), —J%.
TARREE, BT 1pM-10nM @ RA b 2T 5 Z & b#liE & (Safonova et al.
1994), & 512 Vu (1996) % 1nM -0.1 pM @ 1,25(0H)2Ds 2 & ¥ 43{kEF > LPL #{=F 3
BRI BZ EEHRELTWS,

BBV T ORI ERNOEEZRBERBMLTH Y . TOEENTORHR
ARETIEEEECHELZRETS2ERTH S L E 265 (Yamada and Nakamura
1964, Yamada 1981, Shindo et al. 1986, Zhou et al. 1996), ¥T4E., ¥RIEFIEL VWS
BARERR DMEFHRC /L DFRAT FIEB KELEY 7 BTG Shiz (Vegusdal et al. 2003), #]
RIGEATBIED AR AZ AV, MEFET CHREPICEREOREARMTS Z Lizk v
JRE~OEFERBHEIN, TR e &L ITIEHRRICEEN L ShbiEERF C/EBP

(CCAAT enhancer binding protein ) <° PPARy (peroxisome proliferator —activated
receptory) 0¥ /87 EHARBT D Z L BHE STV 5(Vegusdal et al. 2003),

RIAIZRIT DEEERINE 2B 2 1256, IBUHROEEEEOMA L L bichn
EUHEER CREVMRSEIC IO ANRERZALNMITIZEOEHETH D, AET
&, = FAIZBWT, IEMR LR OAZIIC 2 L 2 S ARG MR O IR R ¥
TOHMEBUFEZRESIL, ThEAVWTA YR Y Vv, Ts. B OUEMES {E~DEE %
T, REICBITHFERTIE, BEBICERETERR EOERFHELZRET H I ENTE
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59, MEHBHITEMERELGTICBWWTIT %, XUDICIEEREEIEL LTA
YAV DRERFIEA~DEEZTR, BERET TOHLEE « FVE LV ~DISEREONRFE &
R L, AFEBRICBWTIIAKRIEBRORE LT 2720, FRURERMOREH (DME /
Ham F12K nutrient 1:1, v/v) ZZERSgHE UCHEA L. IBEEHHLERIC X 5 HRP s
BRI LT RICE D MRBE 2B L LTI~ — A —Th 2 LPLREFREE AV,
AVRY . Ts. BIOIREEE S IV ORBERET, AETIIHRNVE A EOIEIHM
TE~DEBEZRONICT D L & bic, SBRBUMIZIZRT 2B ERER OMITCRE
FRAEERAWERE « BRERAZ V-V IS FEOBM T T,

ML itk

1. RABE

<X AMRIZBE~) T v 7 (EmRERET) LXVEBAL. BEMEH (CERHEGF
BT) lCBWTF A ARER (BEAL, AP RKX) 2880 T, 800-1200 g &
2B ECHE LRI L,

2. MR ARG OWR

WiZ AR AREH#IZII DME /F12 (1: 1, viv) 853t (Invitrogen, Carlsbad, CA, USA) %
AL, 65mM NaCl, 10% 7 ~5RMm#E (Invitrogen), 100 pg/mL X b L7 b= A I,
100 U/mL R= Y »ZHMUTHEA LR,

FERGRRR DS {LRE - REIFE R 2R T 2R TIX. A RIEEEROREEL BT 5720,
HeihERDE £ TV ey Ham F12K nutrient (Invitrogen) & iV T/{biBE I 2 7R L
Too MLERERER (FAC)S{LaEsEH) 12 DME (Invitrogen) & Ham F12K nutrient %
1: 1 A TER LIZEHIZ 65 mM NaCl, 100 pg/mL X kL7 b<A >, 100 U/mL R=
Y, B0pg/ml bT AT =Y v (Sigma-Aldrich, St. Louis, MO, USA). 5ng/mL il
BULUEET RY D ABE S0 ng/mL NA FuralrFy v EHRMLELOZER L,

¥/, LPL 2RV EBE~O BBV TIE, R & Uil SiRRs
HEZICILA &5 DME /F12 (101, vimiEit (Invitrogen) Z BV Co{bifE g2 7 L

o ORI FAQOD LA L B2 ) | 0.042 mg/L @Y J —/L i (linoleic acid)
BEEN TS, DME /F12 (111, viViEHIZ 65 mM NaCl, 100 ug/mL X b L/ h=A 2,
100 UmL =Y > 50 pg/mL b 7 > A7 = J.> (Sigma-Aldrich, St. Louis, MO, USA).
5 ng/mlL BEELVEEFTFYUABLOUBE0 ngmL A KR alVFy v EHRnLEL0%y
{behdsg e UCHER LIz, 7oA R Y | Triiodothyronine (Ts). all- trans retinoic acid
(RA). retinylacetate ¥ & % 1,25 dihydroxyvitamin Ds (1,25(0H)2:Da) X\ " 11 b
Sigma-Aldrich #:2>HHEA L, 734 VR U IERBRAINAK ISR, Tsid PBS K. N
Y VBT ) —VEIRE LTRE L,

il
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3. REWikERED> 5 D Stromal-vascular #IfE (SV M) DFHHE
RIS Z S Lo~ & A SV HIRUZAERENABAR D EERTHILIEIC L D AR L7, $7

U TZREWMARIL 5% U VIiE T NVT I &2 E T PBS HCHIEI L, £ D% 1 mg/mL @ Typel
a5 45—+ (Invitrogen) Z#MMx., =|iRIZ TR L, HEHKIE 200 um DFA 1
YAy aTHIB U, 800 x g T 34yhE-LaBEL. BRI MR (BB & SVESY

(LB %#mBELTz, FEUX L7z SV BEio I3 AL A HICIRE L, 10 80% v 71—y
b (4.3x10%/cm?2) DOFMHTISmm DT T AF v 7 HEFMTHEE Lz, 2 BEIZ SV Mg
M5 ARG ORE ZIAZ FIFEHC 3 [BIEEY L, JEEER OMBIZERV Ve, S50 2 BRIER L.
a7z FORETHEFERBRICER L,

4. FERSAERR DS LFHE

REWAARAR D S35 E T h & LS IS ST 5 Z L i Lo CHHE L7z, MM
RGO ZAHFAEHT 2 BIYEH L. MiEHEHEZBRE L7z bIC LR I 35 L
Too HEHIL 25°C. 5%CO: T TITV, UL 2 BE/miX 8 AL osc Lz, KFER
BT HEERGHER X OSAVE BRI OV TR FE KPR L,

5. k@l
< XA R PERMIRRIE 10% R~ Y U CRERE L7ZDH Sudan black B 5 LT nuclear
fast red JefaIZfE L, IEEREEZBIR L,

6. NVZUEY R #oIBXUODNADOER

JEMIEROBIEL LTI ZUEY K (TG) %, MEROEHDHEE L LTRIEHS L%
7 %&£l OBEIRE L LT DNASEZRIE Lz, SV Miai 25 mM Tris-HCI pH7.5 -1
mM EDTA iz, RE A XL, @izt Uiz, FEEtE# o232 13 DC Protein assay
kit (Bio rad, Hercules, CA, USA)% H\> Lowry #% (Lowry et al. 1951) {2 & 0 #ilZ L. DNA
& X Labarca & Paigen (1980) ™52 % ¥ Hoechst33258 % V7= tiEic THIE L
Too o, BIREZ 7 uadVh - AF 77—V (2:1,vv) THHLEZEDSL TG 048I H
Wiz, TGEEDHEITHIRF Y b TG Test Wako (Wako, Osaka, Japan) % U /-
FHEIZEDITo T,

7. RNAffitH, cDNA B L O LPL Bz F+RELDOERE

# RNA HiH g% » b SV total RNA isolation system (Promega, Madison, WI,
USA)YZERIVTITV, il L7 RNA B3ROt 260 nm 2 AVVTER Lz, JIBERIG
¥ random hexamer %75 A ~<—& L TITV, ¢DNA A HiE Omniscript RT PCR Kit
(Qiagen, Hilden, Germany) %#{EM L7z, Ml vy MERW TR AR THERL
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Teo RBEREIGIE 1 ug ¥ RNA % 10 L ORIGFH TITo 7=,

LPL BEFREOERIXV TV A4 5 PCR IETITW., EEEHHIZIT iCycler iQ
real-time PCR detection system (Biorad) #{#ffl L7z, PCR i~ iE 20 pL ISR TITV,
FG#IE iQ SYBR Green Supermix (Biorad)Z AW THM Lz, I ~—i3F 1 M T
£/ L. 493 bp O~ ¥4 LPL (LPL1: GenBank accession No. AB243791)?® ¢cDNA ¥ F %
WIRL, BE& L1, 774 ~—0OHEIEEFSIT 5-CTCAAGACCCGCGAGAT-3 (FELHAD ¥
LV 5-AAGCGTCGCTCTGACC-3 (HgRfl) & L7z, PCR OIRESRMFIL, XUDIT 3L
[ 95 CEVEME LT=D b BVENE 95°C 0.5 47/ & 50 50°C 0.5 . MERE 72°C 0.5
SYE DY A 7 VT 40 BEEIE Uiz, 9 AL OREMIT SEIREOEREL L, BEFR
Bl (20— pg RNA) & LCTEHLE, BoNHEIIRE L OoMsHis LTEK
R LTe, ET-REBHRILREBEMO~ ¥ A LPL cDNA WA % AW TR LT,

8. wEHE

RRIEIE 53 #2478 & 1) Fisher’s Protected Least Significant Difference ¥:1Z & W 170 7=,
FEHTIZIX Stat View 4.51 (Abacus Concept, Berkeley, CA, USA) %/ L, AEAHE 5% (P
<0.05) THEZELHE L,

MR

1. IEMROKKRIEIZBITHA RY DR

< & A JERENEIARERR> HEREL U7z SV MBI, /LB 21T 5 L ML FRIRNA A
JaOEE & R AEE SN, 5 ygml VA YR U VFEETT 2 BESLH
HME %175 L Sudan black B Zefaiz X 0 MREAN~OETE OEFHB D bhiz(Fig.
2-1a), E£=. FHIZEN, SVHIRRT O TG && (TG /DNA) b 3.8 LM RO
(Fig. 2-1b),

DAV RAY %0, 0.5, 5. 50 pg/mL OIRBEETHRML, 2 BMIEET DL 5 pgml &
50 pg/mL KIZ BV THIFIRNA~DREEFED RO b (Fig. 2-2a)  #ildD TG REIXA X
U UBRECS T EAT 2 &R L (Fig. 2-2b),

IO DEERNG ., w5 A SVHRIIEESGTICBWTHMELEEETHZ LB LI UEHL
EVEADISBERERFFL TV D Z BRI T,

2. FAEVH LPLBETF O LEKENRRICRIETRE

v ¥ A fRR ORI BWT, LPL#{RT (LPL1) ORBUISURFIC LR L
Tro SHEFRRIAT L B L, EaEH% 3 B BIIZREL~IL 3.6 5 LH L. ZD®%EHR
HEIZE LT (Fig 2-3), REBEND~F A LPLITHILEDBEA LR, SHboyil~—
A=Y HBEEZ LR,
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LPL B FRBEZEIEL LT XA 553 SV MBRIZBWTHALEY (VA VBEY
Ts) BLOIEEMEE S 22 (RA. retinyl acetate 35 X T8 1,25(0H):Ds) 23 EIZ
BRIETHREZH~ T, Ts BLOMREBHEE Y I VoW TIRBEMTORLESDETT A
YAV (5ugml) & DOPFRASRIZOVTHRELE (Fig 24, 2-5), 4 >R Y X LPL
BEFREBUCH L TEOZREZR L, EHMX (0 pgmL) &L, VARV 50
pg/mL FMEX TiX 47O LGB R BN (Fig. 2-4), Ts M TIE, RIIR Shieh-o
= (Fig. 2-4) 3, A A Y EOFMAICE DIBESRAR O, 5 pgmL T A VR Y v
FET TIERMK (0 nM) & HERL 20 nM T3 X Tk LPL {575 BUC 3.3 &0 L&A
Rohiz (Fig. 2-5), £/2, A VAV VOFEEZIDPDOTIREEE S I I8V TIL LPL
BETRIBUCEBIIR Ohigh ol (Fig. 2-4, 2-5),

B

ARETIHABEBEHEROMUGERZFTTHERET LV E LT F A SV MO
BRERNWEHMEBEREHN L, RE S EEF OB S b ~DREE YT LTz,
HLEOMLIEIF IS BT 2 THE S T2 58, JEIFMRRS{LOIRE T, HM
{21k, 7 o— Ui, BRAOBGRFRIOY VR EOREL, MIE~DIEIHE O,
LWV BB HE SRS (Alihaud 1996, Gregoire et al. 1998), EAkIZ, <& A
SVHIRE T b IEHIR ~D S LFHEIC X 0 IR OFEBCRBAIRE T REO LA PBE X
ni=(Fig. 2-1, 2-3), AR THOEERRBTIZB W THRAE VIR 2 008
DORFEbRER E T (Fig. 2-2, 2-4, 2-5), WA Sh 2Rl Mie D3 bafdik & LT,
< U AHR 3T3-L1 BB SICHWLR A MEFETICBWTTEF A/ UE
TRVAFN AV TFAFY o F AT B2 LI X 0{EFEET 551 (Rubinet al.
1978) L. 7 E v ORI MRICHV 53 EniERE#EE (Suryawan et al. 1997,
Ohyama et al. 1998) (ZKBIEND, =& A DA, MIEGFET TS EViE
OER) IR IR T, TOROAMETIXT ¥ SVHRIZAW bR 2 EMEEREL A
LTER Lz, ShE TRBEFEF 7BV TS MIEFEE T COAE SV MR E S #iE S
NTWBR (Vegusdal et al. 2003) . AFFE TIXEMBRERIEE WV elcd, LY EERE
BREHOBRENTRRIZR o T, REZABERVAROSLERE. 2V DITRLVES DS
{LHEERFOER 2T T2 L TERATHD LB HN S,

W~ A SVHARZANT, 4R ) rBLT T DRV L~OR R~
B WTFHRBEDOHRER LT, VA AR Y IBHEEERRIC L 2REIEH (Fig. 2-2)
BXOLPL BaFOMUEEHRER (Fig. 2-4) Z2EE L, iz, T IEM TSR
HRERE 2otz (Fig. 24), VAV R Y O Tl LPL 5 FREEZREL
7= (Fig. 2-5)s A RV ¥, Ts & LI W TS EOIEERF & LTH S
A TEY (Danietal 1986, Gharbi-Chihiet al. 1981), =% A TH{EELIRRD Hiviz
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b, ZOEBNVEN L DIEHHEFEEEIHAEO O LEHM LTS Z A3
RREIND,

BIAMEE & I VU BRI L 2685 2 L MRV TR <ML hTna 2
L ThHH EFIVARETH D all-trans VF 7 A VB (RA) iZEBAEEL E (0.1-10
pM) BV TSI iR %2 BERE (1 pM-10 nM) IZBWTIHEES R R T

(Safonova et al. 1994), 7. % I > DR#HHTH B 1,25(0H)2Ds 1% 0.64 nM 2> 5 2 nM
DFEFE THAL AT ISR ST13 <° 3T3-L1 D43k #{xE+ % (Sato and Hiragun 1988)
77, Vi 3T3-L1 2RV T 1 nM A5 0.1 pM O#FE T 1,25(0H)2Ds i& LPL #A&F D4y
{LIEFRIRBREZHET I L2 BE LTS (Vuetal 1996), AFFRICIBWTIZIRAB X
W 1, 25(0H)2Ds ix LPL @ FREATRAINE Y | ~ & A Ml b~ DRI RS T,
JRVSHEE # I T L AHIHBBICERBH D Z L2881 5, LHL, BEEEY S I8
WIEBRMFC L - 0ABEELZET I L2 ML H 5720, 5% 3 LIZFERR
REBBETH D,

AR TIEZLF ) A VBB X U retinyl acetate (%~ & 1 JESMR LIz LT
BRIRIRD T3, v X ARV TIFRICHRM L7 VF ) A E2R retinyl acetate
DBREREN OISO R EL{EET S (Ogata and Oku 2001), AERARHLKRDREEIZITAIR
FEWGHERR A & DAL IZIT TR <. ML b B ORRER Ef 4 REZBED>TW5
Tedd, <X AR BFERBROREEE Z I 00 L AIEHEREORER RiX, okT
e < HIBRHIFRCR RICK LTER LR TH LWL B X biv b,

FERABRICBWT, o{efiEe LT LPL &5+ (LPL1) #fER L. Zr{bisd LPL#&
BFRBEORRENELCA R WHIHIZB W THREBE b, 5 1 BT 25D LPL
BB (LPL1 BXOLPL2) B FAIZBWTRIEINTWAD, AERCIIRBLEN
<, BRI LPLICEIMMEDR VW LPL1 21618 & UTHER L7z (Okuet al. 2006a),
BB T LPL IV O OAFETRIE S L, EROABREZH2HEL LTRHVWbh
TVW5% (Liang et al. 2002a, Oku et al. 2002, Saera-Vila et al. 2005) 4%, AHf%E Tid LPL
BIEFREVMRRSEE Y 7 LIEETREGRIB IS ND Z &R Eh, BRI {ED%
THRZ AT 2 LCOEBRARBTET N L RDBDLEEZLND,
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Fig. 2-1 The lipid accumulation in the cytoplasm (a) and changes in the amounts of
triglyceride, protein and DNA (b) during the terminal differentiation of red sea bream
SV cells

The red sea bream SV cells were cultured for 2 weeks in the FA(-) induction medium
containing 5pg/ml bovine insulin. (a) The cells were fixed in 10% formaldehyde and
stained with Sudan black B and Nuclear fast red. The bar indicates 50 pm. (b) The
experiment was repeated six times with isolated cell cultures derived from six different
fish. Means (mean=+SEM) not sharing a common superscript are significantly different

(P<0.05).
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Fig. 2-2 Effects of insulin on the lipid accumulation in the cytoplasm (a) and the
amounts of triglyceride, protein and DNA (b) in the differentiated red sea bream SV
cells

The red sea bream SV cells were cultured for 2 weeks in the FA(-) induction medium
containing various concentrations of bovine insulin (bIns). (a) The cells were fixed in
10% formaldehyde and stained with Sudan black B and Nuclear fast red. The bar
indicates 50 pm. (b) The experiment was repeated six times with isolated cell cultures
derived from six different fish. Means not sharing a common superscript are

significantly different (2<0.05).
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Fig. 2-3 Time-course of the LPL gene expression in red sea bream SV cells during
adipocyte differentiation.

The red sea bream SV cells were cultured for 10 days in the standard induction medium
containing 5 pg/mL bovine insulin. The experiment was repeated six times with isolated
cell cultures derived from six different fish. Values (mean+SEM) are reported as
percentage to the mean value of the control (0 day) and taken as 100 %. Means not

sharing a common superscript are significantly different (2<0.05).
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Fig. 2-4 Effects of various concentrations of hormones on the differentiation-linked LPL
gene expression in red sea bream SV cells

The red sea bream SV cells were cultured for 3 days in the presence of various
concentrations of bovine insulin (bIns), triiodothyronine (T3), all-fransretionoic acid
(RA), retinyl acetate, or 1,25-dihydroxyvitamin D3 (1,25(OH)2Ds). The hormones were
added to the standard induction medium. The experiment was repeated six times with
isolated cell cultures derived from six different fish. Values (mean*+SEM) are reported
as percentage to the mean value of the control taken as 100 %. Means not sharing a

common superscript are significantly different (2<0.05).
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Fig. 2-b Effects of concomitant addition of insulin and various concentrations of
hormones on the differentiation-linked LPL gene expression in red sea bream SV cells

The red sea bream SV cells were cultured for 3 days in the presence of 5pg/ml of bovine

insulin (bIns) and various concentrations of triiodothyronine (T3), all-fransretionoic
acid (RA), retinyl acetate, or 1,25-dihydroxyvitamin Ds (1,25(0H)2Ds). The hormones
were added to the standard induction medium. The experiment was repeated six times
with isolated cell cultures derived from six different fish. Values (mean+=SEM) are

reported as percentage of the mean value obtained for the control and taken as 100 %.

Means not sharing a common superscript are significantly different (£ <0.05).
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BIE ~FAIEliMIES b0 7 L BERF PPAR O&H

PPAR (peroxisome proliferator —activated receptor) X V 7 o NMEFEREEERTFTHY .|
< OFREREREFEHET I Z NmEN D (Qiet al. 2000, Kliewer et al. 2001, Lee
et al. 2003), PPAR X DNAEAINICY W v FESHMZA L TRV, TOHBENLRE
WMHOEA LS ¥ — B FIRICoEH S (Escriva et al. 1997, Chawla et al. 2001),
HABUCBWTPPAR X a, B (F72X S EFEEND) BITByD 32DV 7 Z A TRFEE
I, ENEARERBHCBW TR &5 2 K727, PPARe iXFEIATIE TREL LIEN;
fit B AR/ IRE O R ZHIET 5 (Kliewer et al. 2001, Lee et al. 2003), V74 A 7
TR O % 72 fLEE CRESEEMIZED b, IBERMOIEI . KR OB~
OBE LR EINTWS (Kliewer et al. 2001, Lee et al. 2003), PPARy iXigiffk T% <
B L, LPL 2 ¥ OEEREERGFO ot — 4 —HRICEeT 22 LI L VEE:
#8895 (Auwerxet al. 1996, Schoonjans et al. 1996a, 1996b), FHFLEICB VT E
TOWRNS, ROV T FERAWTENRETNDY T Z A TEEHLT D Z L 2SFTHE
THHIEBRMONTVD, BRI, 7475 —MeAY (Fibrate) i3 a 7 %A 7OFk
RIYUHFFTHY (Kersten and Wahli 2000, Guo et al. 2001), TR RAF IS5 D U0F
TV (FYEY V) {LEWIE PPARy #REMICEMAETIZEAMOENA TS

(Kersten and Wahli 2000, Houseknecht et al. 2002),

PPAR i3BEIFER O MEIZ b 535, £< OPFEREN L, FiZ y 7 & 1 FH IRV
B i P LR BB 2 BT E 2 b TW3, JEMRESLIcE LT PPARy X, JBH
B0 iAAZ, FEEARR., Wikl CIREERICEL 2/ FRBL UK FRNCHIET 5
Zenmoihd (Gregoire et al. 1998, Morrison and Farmer 1999), #lxiX, LV hr v A
WA T ROV RBLERTIX. BRI ~D /LB % b T W BRMEERHESF MRS 8T8 128\ T
PPAR vy % 55| FEL & ¥ 5 L REMIRRIC /{35 Z L 226, PPARy 2GR (E~DR
ERRERTHD Z EIWRENTVWS (Tontonozet al. 1994), iz, 71 77— MLaEY
BIEWRMMED YRR EZFEHTI LD, o T XA T7OEELRERTNS

(Brandes et al. 1986, Pasquali et al. 2004), Z Dz, AIEEIERAMARIZISVT, FEIRE
PERRIAES Td 5 2-bromopalmitate 2 & Y IEHE(L ST BT ¥ A 743 PPARy ZAEES L.
FERANZIEIS IR 2 LB ET A 2 L83 @E XN TEY (Amri et al. 1994, Bastie et al.
1999). Z 5 L7-#F9efih b REERIR A S ¢ PPARB MIEMIBE ML 2B ET D Z LR E
T35,

BHIZB O T HIFERBNC BT 2 HEM S PPAR ORIECHEAEET S ED b TR D |
INETOREICLD L, &3 PPAR (3—REEE, MRS, UV FREMER K13
FOLDOLFEL TR EEZLNER, W OPDORTRLELIBHLALTWEZ LR
HHak/i2oTW3A (Andersen et al. 2000, Ibabe et al. 2002, Boukouvala et al. 2004,
Batista-Pinto et al. 2005, Leaver et al. 2005), #lxiX, €777 1 v ¥ a2, 3—ayR2R
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¥, 7730870 MCBWTIRBREGFREOHEMBAIMIMAELEHAL WD L &N
HHD0D, KEHEYS, TVAR (VI HVAR), S—0 o 3~NFA TRy BT ¥A 7%
HABE =, L EBRICEBEFRASRO RS Z & BHE SN TVWS (Andersen et al.
2000, Leaver et al. 2005), ¥7-B{EFOREMRFTNL, WL OhDHAFEIZIEVT PPARo
BLUOy TRHILEOLDOEEH U T, VA FREASEMICEEO T I/ BAREIMIME R
TWBHZEBRALNITRSTNS, HilE LT, 3—ry/3~¥1 PPARy TiZ 23, v
A AD PPARy TiZ 35 D7 2 /At b PPARy & i L TE8® b1 (Andersen et
al. 2000, Leaver et al. 2005, Kondo et al. 2007), =5 LEZ EMnLABEPPARD Y v K
REFMEIHABEO LD LITRRD Z RIS TVS, £ PPAR O U U FREIZ
LT, HBHTEDS8, W 20OHERFAICE Y MRBBELNATND, PIHRERET
57 4 v &2 FEIBICHVTi: PPARy BB Ch 5 15deoxy- A 2M-Ta A Z 75 Dy
J2 (0.3pM) X PPARa BL Ry DF U R ERBEZFHET S (Ibabe et al. 2005), KEE
Yo OEFIFEIR T, 74 77— MEE# (0.5 mM) 23 PPARy 38 L IRE B EERER
DOTEMZEFHET D (Ruyter et al. 1997), +F 77 PPARa I3RHFLIA PPARa D5 REIY H
v KT 5 Wyld643 (10 uM)=° ETYA (5,8,11,14-eicosatetraynoic acid, 1 pM)3 X TYDHA,
EPA O & 5 2 A REFENIRRIC X D IEHIE SN D b DD, ENOD YT FiZ pBLT
YT Z A FIIER L Z LS STy 5 (Kondo et al. 2007) , KEEHY 4 PPARS
i3 100 pM O — iR AR I ER-CFEBHENR RS T 5 2-bromopalmitate (50 uM) ¥ &
VOB BT XA 7D Y H FTH B GW501516 (10 uMIZ & » THEMAL &5 (Leaver
et al2007), X HIZT LA RART —1 w2 INF A IZEBV T PPARo 3 L UV PPARR (37#L
FDa, pUA RIZED ZRENAEMEILEIN D2, PPARy IZHiHLED y T H¥A TDIUH
Y REAWTOHER SR Z EARE IR TV (Leaver et al. 2005),

DX DT, EE, £ PPAR I L TRA R@ER R ERTWH 2, REIEHIRED
SHEIZE T B PPAR OBRENZ DWW TOMRIZA 72, PPAR IIIREMRHBNCRIT 2 HE ML
YH Y FEFHEFRFTHDI L 2E25 L, ABIKBWTZO/RMECHIEEE L &
PITBHZLiE, TF MRV TORBAOKEHEROWNEEEZ S L TUHHTH
5. RETII~F A IEMIMARS LR L OBBERREO S FE L5, v ¥ 1Ly 3
FEEID PPAR B5F (o, PRIy Zru—=27 L, 97 ¥4 ZHEVRRS L
RITREERH L, IUDIZ, v XA ML Y 3D PPAR D cDNA %7 12—
=V L, ZO—REE LB EZRE L, RIZ, FIREERREZRAWEATICLED
FEHIR LB CORBEE 2 7 ¥ A 7HICHS, S bICHHYLEE PPAR 1EBIIEA ARG
BB BT T BT OV THEAT LT,

e ik
1. RBf
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7u—= 7 BLORTMPCRICER Lz ¥ A HAXAE~ Y T v 7 (BHRERE)
L VEEAL, HEK 100 g £ THREMEFT SEHERFBE) CBWTHE Lz b0 2 HH
L7z, RT'PCR 12317 2 9p5iE L OB ER Lo~ 4 fifa (59 1.8 kg) IIREEK
E (ZEREHEE) K0BEBALE, £, MREBICER Lz~ (800-1,200 g) i
MEKE (ZERMEFEHNT) LVBAL, HRAMFE CEMPES (SERBHFET) 12T
< XA AR (RERIL, RO RX) i L TRE L,

2. PPAR #{5+® cDNA 53l h o Bl

PPAR B FD 7 v —= J3{EEHE T T A < —% V= RT-PCR # (Degenerated PCR)
TI{To7z, # RNA X AGPC# (Chomczynski and Sacchi 1987) iZ & ¥ <= &1 BIEANNG
JhkAER & D U7z, Oligo-dT 7°J 4 = —IiZ & 5 cDNA ARRIZIL 1 pg D# RNA RV,
ABRX 15 pL ISR TIT o, WRERISCIE First-Strand ¢cDNA Synthesis Kit (GE
healthcare, Buckinghamshire, UK) % {£f L.cDNA &RRE® 15 uL ® 5 H 0.5 L & 25 ul.
® PCRIZfEH Lz,

PPAR cDNA Wi O Ei8IZ 14X Table 3-1 1278 L7z SMLDHEE S 7 A ~—%HH L7z, 25 uL
KRR TO PCRFEOMEE 0.5 U Taq polymerase (Takara, Tokyo, Japan), 200 uM
dNTP, 10 mM Tris-HC1pH8.3, 50 mM KCl. 1.5 mM MgCl, 3 £ T¥ 20 pmole D7 F A <=
—& Uiz, HEIE 40 A 7 0TI, A 7 WEEEN 94C 0.5 77/, st KRIG 50°C
1451, MERIS 72°C 15 E L, K TR 72CT 3 pRBRRIEZ21To 7z, HIENT A
1175 A3 7 ¥ —pCR2.1 (Invitrogen, Carlsbad, CA, US)iz 7 u—=17 L, A7
ERE LT,

3. 3§ BIWHRACE

WMHETST7A~<—12L 5 PCRIEICLVFRIE L PPAR B 71X 3B LR FRACE % A
WTSEEROEERFZE LTz, RACE HOFHRERIZAV - RNA i~ &1 l5
L b U, R ERRER AGPC B2 TITo T2, S BL W FERWICT ¥ 74 —ES %
95 RACE A #%ix SMART RACE ¢cDNA Amplification kit (Clonetech, Palo, Alto,
CA, USA) & BIVWWTIERL L7z, HEiErX Nested PCR A1 L 5 2 EHEIBIZ L DTV, EA LT
BIEFRROT T A ~—E X Table 3-11Z5E# L7z, 181 @ PCR R XE LW A o8y
18 & [W—&EFTITV, PCREWIX 100 £5AR LT 2EH D PCR K& (Nested PCR) (2
MAl7e, 2BE® PCRERIGH—EIB &EFA—FHTIT 7288, HA 7 NVFOME RIS DIRE
1X55CE L, MIREMIIRTRERIR Y 7 A I Fizs u—=v7 L, HIEESIZRE L,

4. 53 REHAT
< XA BLOMMEEYOT 2/ EEREY &2 BV - PPAR D4y FREEMRITIERHEAE
(Neighbor Joining #:) 12 & ¥ {To7z, Bootstrap 1000 EIfREIZ & 5 RFHBERICIX
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DNASIS Pro ver.2.06 (Hitachi, Tokyo, Japan) Z{£f L7=,

5. RT-PCR

B FREOMEEIE RTPCRIEIC L WIRE L7z, RNA I351# (166 g) DRGSR,
fE, D, FPREERR. AFERR CGRERAD) . il (BB afh) . BL UM (1.8kg DIEBE
FUMER X i L7z, # RNA#itHix AGPC#: (Chomczynski and Sacchi 1987) iZ &
D177z, cDNA A RLIZ 15 pL BRUISR TITV . #8 RNAL pg & AV 7o, $RE SIS random
hexamer %# 75 A <w—& LTIV, First-Strand cDNA synthesis kit (GE healthcare) %
fER LT,

AR L7 cDNA15 uL @ 5 % 0.5 pL % 25 uL KIGHRD PCR it L7z, PCR RISHROK
BISRFE & FERE L, 80 %A 7 VOWIREIT > 7o, IRESRMHIIEZEM 94°C 0.5 4. &
K& 55°C 0.5 73 HEKRG 72°C 0.5 75 & LK TRIZ 72CT 3 RIS EZ1T o 12,
RIGEHDHY H 5 yL % 3% 7 A —A S5 NVEKKS ETHEEL, =F Py A7 u~<A N
BIC LV RED AR Ule, ARRBICHER UIFr RN 7T A < — D EAS L Table 3-2
IR LT,

6. FMiakgaE Ao

HE ZOA R RIS MU T EREE i & L C DME /F12 (Invitrogen) % f#f L. 65 mM NaCl, 10%
o VIR ME (Invitrogen), 100 pg/mL A b L7 h<A 2 BLTR100 UmL =V »
(Invitrogen) Z ¥ U CTHA Uiz, oL FHE AR HIT i & L. DME /F12 {Z 65 mM NaCl,
100 pg/mL A k L7 k= A ¥ > (Invitrogen), 100 U/mL ~_=3'Y > (Invitrogen), ITS iFi&

(1xITS: 5 pg/mL. VA AY >, 5B0pgmL hT A7 x> 5ngmL it LU
kU 7 A, Sigma-Aldrich, St. Louis, MO, USA) 8L 50 ng/mL /1 Fraisy

(Sigma) 2% MLz b0EFFEHLE, 15deoxy ARU-T R RE T F T J
(15d-PGJ2)(Cayman, Ann Arbor, MI, USA)# & Uf Ciglitazone (Cayman)ix DMSO iz,
Fenofibrate (Sigma)ix= % / —/LHZFH#HE L 7z, 2-bromopalmitate (2-bromohexadecanoic
acid, Sigma) (X ¥ ) —APICHBI L, KIRE 1%OY VIET AT I (EHBRTRE)
& & BHiTHM Lz,

7. SVHlaDFR
RIEAENA IR 2 & e~ &4 SV MUKIIRERENABIAAERED DEEZIHILIEIC L D RBL L 72, R
B U T2 IRRAHARIE 5% v Y IIET VT R &2 & PBSHTHIGI L, £ D% 1 mg/mL @ Typel
a5 49— (Invitrogen) ZMZ. S|BIC TR Lz, EEEE 200 pm OF A &
YAy T 2Tl L%, 800 x g T 343Rha Lol L., BAMEME (L8 L SVES
(TEEY) Z4yBEU7-, B U7z SV B3 AL AR L. K 80% =2 7rx
b (4.3x10¢/cm2) DT 35mm DT T AF v 7 BRI THEE Lz, 2 A& SV gk
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MEAE O 2 AL FREHET 3 [EITer L, R OMIR LRV =t%, ¥ 5 2 RIS L,
a7z bORETHFEIERICHEMA L,

RERS MR DS L FH IS e % LB RS IO R BT A Z LI L > THE U7z, ikl
BRSO ZIAZRREHT 2 FEH L, MIEKHERE L0 bIg oL ic i L
Too H5HEIX 25°C. B%CO &M T TITV, X2 BEAIX 3R LICRB LT,

8. MikaEss
< ¥ A BEEPEHHAEIE 10% R v< ) U CREE L7=0H Sudan black B 8 L TX nuclear
fast red SeIZHE L, BEFEHEZBIE LT,

9. RNA fiitf. cDNA & L OFEiEREEREFREDER

% 1 ECRE LZIEERHBEEREFRB L =7 2BV LI REBMET 15
Z LMY (Spiegelman et al. 1983, Cornelius et al. 1988) &N TW5 B 7 7 F U &IGF
IZ2OWT PPAR BB T & R8T~ 74 SVHMIIRIZIIT 2 RELEZ Rz,

# RNA fhHixHk* v b SV total RNA isolation system (Promega, Madison, WI,
USAYZRWTATV, #li L7z RNA B3 sRAEE 260 nm # W CTER Lz, WIRERS
X random hexamer %77 A <—& LTIT\Y, ¢DNA A 5i% Omniscript RT PCR Kit
(Qiagen, Hilden, Germany) #{f L7z, ARG 1 ug D# RNA % 10 yL ORISR T
1To7

BEFRAOEREITY 7L A APCRIETITO. R & E&iZiCycler iQ real-time PCR
detection system (Biorad, Hercules, CA, USA)Z{ff L7z, PCR Fiiatd 20 pL ISR TIT
V.iQ SYBR Green Supermix (Biorad)Z iV CTHRM L, 77 A = —Ii3& 1 WM TER L,
ERLET T A ~—0EEEFIX Table 3-2 IZ5# L7z, PCR DB, XU HIT 3
51 O CEEEME L= b BZEM 95°C 0.5 47, st& B 50°C 0.5 43/, MRS 72°C
0.5 3DV A 7 VT 40 BIE LTz, V> 7 AOHEMEIT 2 EREOTEHHE L, #is
FRARIE (2 —% /ug RNA) L LCHEH LE, ERERIIFTEIETORERENDO<
¥4 cDNA WA &RV TR L7,

10. #ites
TR OFEZREIIESHT (ANOVA) B L Tukey £ BEHERIZ L V1T o7z, fRHT
121X KyPlot 4.0 (Kyens Lab, Tokyo, Japan)Z i\, HEKEE 5% (P <0.05) LV EE
ZERHIE Lz,
S
1. PPAR =T O—RHERAT L ka7
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WEESFA <—%BA=PCRIZL Y 35D PPAR BIaF DS HEERSINE N, 3
BLU FRACE #EICE Y ZRTNREEROEERSIZREL. ThETHRESL TV
AWk PPAR O 7 2 J BRERSI & L b FRABT BT TefR . ~F A o bhiz 8
FEORGTIEIENEN PPARa, BRIy IZHYSTEI LD TH-7- (Fig. 3-1), RELE
~ 454 PPAR Bz T+ OEERINIZFIENT —F <X~ X GenBank 2~ ¥ PPARu
(AB298547), p (AB298548)35 & 1y (AB298549) & L TH& kL 7=, 1,948bp N~ # 1 PPARa
137 2 /B 469 752k (ORF 1,407bp) . 1,990bp @ PPARy ix7 3 / fi& 522 f8(ORF 1,566bp)
Za—FLTuz (Fig. 3-2), PPARBICOW T 3B LW FRACE CBWTELE I E
THZLIXTERD oD, 399 7 I/ BEREICHY TS 1,201bp OEERFZHRE Lz

(Fig. 3-2),

T FAICBWTHEE S 3D PPAR #5707 I/ BEFIIX, MEIZIX 55—63%.
E72t h PPARy ICH LTH 55— 61%DMEEMEZTR L, TO—REEIXFEEICREFEINT
Wz (Fig. 3-2), & F PPARy LB LT, =41 PPARy TiXV ¥ FEEAEAIAIC 24
o7 I /EfnysRsbhik (Fig 8-2).

RT-PCRIEIZ K VBV T H A TOMBAIR BT L ZAHA TV T ¥ 4 7 H k%
MR CREICRENBO O (Fig. 3-3), WMEIZBITS o Y744 FTBLOHRIZET
Ly YT EA SORBIIRE SR o728, FEIHEER. &2 DB, AR (R, T
B LR CIIWThot 7 ¥4 7L RBEPER S hz (Fig 3-3).

2. BRIEVMRIZIT 5 0LROBETRBEL L RiTLE PPAR {EBIFKOZIR
~ ¥ A JEREP AN &V B L= 9 SV Mila % AV T B MiRa sy (kidiic s i
% PPAR BIGFORBLVANVOEB R, ZOFHEERTIE PPAR LFETH 1 ETRHE
L7z IREEAEBEERE IOV TS HbE THRBBIE 2 iZ Lz,
v ¥ A SV MEIISMEBEAEIZL Y 7-10 BRICIMRENCIEHHOZEHEIRD &
iz (Fig. 3-4), k7. BUMRO LIV, BERBEEFORBICEHNR O
(Fig. 3-5), fEMiDEY 1A% (LPL1, LPL2), fEMiERERL (FAS). B K UMERIREERfafnik
(d6DES, SCDa ¥ L} SCDb) BH#EE T IXHLIEFERIC BN LH L=(Fig. 3-5). —
F. Glutl BEWQRB 77 FUIRBEBMET L. £ Glut3 ORI L~ LB
OE{LIXR N> 7= (Fig. 8-5),
< ¥ A [R5 EBRRIZIBW T, 3 fiE D PPAR B Fixth e R 2 HEIBE
L7z (Fig. 3-6), PPARa {(Z—EtED EF-ZR L, /HEFE 7 B H TRE VMK
L7243 10 H BIZIXERT (0 B) OL_AIZIETF L7z (Fig. 3-6), $£7-. PPARB D%
BUIABIMRR LIV B FEIm A R L2, PPARy BEF3EIL 10 B O{LiFEM
MRz EENI R o o7 (Fig 3-6),
USRI OMAER BRI 5 PPAR DO&REZH57-H, WA PPAR {EEHZK
(15dPGdq, Ciglitazone, Fenofibrate, 2-bromopalmitate) 2353{LEFD PPAR B X OV FHii D
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REAMBEEREFORBURITTHEET A, R~ 1 SVARESFBEOFET
T 3 BEMEFELEETV., TR EROREBEFRELL -~V BRI LTz,

BB, ~ & A SV HIEICIZEENEER X OV L BRI X 2 MERRSE-CHl s BEAE T
2 EOMRREEHIIR bR o7 (Fig. 3-7), EEIEEOZR L LTIE, 15d-PGJ: HEMiC
£V PPARB BL Uy DRBUKT A, 7z Ciglitazone iZ X ¥ PPARB B X Wy DIEHL L5
BRLNENS, DTFRLIEEREREF~OEBIIR LN 2h o7z (Fig. 3-8), 7=,
Fenofibrate % PPAR 3 X OB H R BT OB BIIR S eh o7 (Fig. 3-8),
2-bromopalmitate i3 PPARy DB # A EICHME ¥, PPARe B LU B DHBELAFEICE
FT&¥7 (Fig. 3-8), ZHIiZffEV, LPL1, FAS, SCDa ¥ XU SCDb 72 & Ot +HRELD
AEREABHR SN (Fig. 3-8),

B

AR TRz 5 PPAR ORFNCEREH T, YT ¥4 FORMEL I T
RRlGAER AL « BRERH L B FRADOERIZOVWTHET Lz, ~F 4 PPAR IZHALE D
H D& —RESEIEE L TR Y (Fig. 3-2), MR XWTHoVTZ A 7L AaENITAE
ICRENAD bhiz(Fig. 3-3), ~ ¥ A EIHHIROLICER L T 3DV 7 ¥4 FidEh
R38R E R L. (Fig. 3-3), v & A BIHIROMEICEEL T, HHLE PPAR
DEENZETH B 15dPGJ2. Ciglitazone 35 & O Fenofibrate [ZBABRR IR 2R Z 20>
7273, 2-bromopalmitate iX PPARy I X O"F it DR E BRI 7 2751k L7z (Fig. 3-8),
ULDL S BRERBBOLNTEY, 20BN FREICOVWTERELED D,

AFROMERTIE~F A DPPAR T o, BRBL Wy & bIENMERE, 8, FFRERR. L L
Z< DM TREABRH Sz (Fig. 3-3), WM TH, kI LITREA LV
X225 b0, PPAR BIGFREUIE 4 R THRIHE TS (Andersen et al. 2000,
Boukouvala et al. 2004, Batista-Pinto et al. 2005, Leaver et al. 2005, Raingeard et al.
2006) , = b DFER L PPAR 23RN O 4 2RI B TIEERBICEb - THn5 2 &
ER LTV, EEOSTAEMFRIFRICEY . 31 PPAR Y75 A FI2BIT D5/ L
RIS ABEE B> TWA Z LB HE & TV 5 (Robinson-Rechavi et al. 2001,
Maglich et al. 2003, Leaver et al. 2007), # 21, KEHF DS PPARBIZIZ2 2DT A V ¥
A7 Bl & B2) BHY. PLIIFHT, BRIIMETERCREATHR Y, B2k HL T
FTZENOTITFA FITIIBEMICZRER S D Z LB TREBINTWVWS (Leaver et al
2007), PPAR O#iE% L W BT 27-DI0iX, v XA BT HY T ¥ A TR EZH b
WL, ENENOBEIZOWTHIT T3 Z L BEEND,

AETRYHREER AV, ¥ 1 [5iflam{bicii) 5 PPAR Bin FDORIIERE
WCOWTHHT LT, B 2ETRAR2L B0 ~ A MEIENIEHERR X » L7z SV Mgk
BEREZHT TR~ MEER B LN TE, BITEOERE (Fig. 3-4) OREMIRE
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BF#EL (Fig. 3-7) %R Lz, £O@EBIZRWT, 3HED PPAR #EFIZ TN ENERD
HHEZTDZ EHALNLERY (Fig. 3-6). JEMiMRAMEIZB VTR %EHI2H- T
WBZEMRTFEINT VT HATIE TR B ETIC—BMORBHR LA Z R L2 L X (Fig.
3-6), MIFE oM (Brandes et al. 1986, Pasquali et al. 2004) & FEEEIC, a T H A
TIHRHMEOYIIBRIZES L TWA Z BRIz LT3, WALJITBWT PPARy
IR iz AR R 2 R LT Y | RIS IZE8 VT PPARy I37EM L &
. THIZHTZ2EHEERROBEBTFRELFEET S (Gregoire et al. 1998, Morrison and
Farmer 1999), [FRIZ, KPEFEY 7 OREEIBVHE TR E & HiZ PPARy #
URTEDRENFEIND Z BRI TS (Vegusdal et al. 2003), <= &1 1281
TH. 2-bromopalmitate FHNT L Y PPARy BiEFHFHE I, T & RERCIFENHE
HREFOREN EFT 5 Z LRI Z £ix (Fig. 3-8). PPARy (IfgHMIAEIZ
VETHHZ L HZFRBELTWD, LML, 295 LEKBRLIER R, SFE%ORET
HBLORBEL R~ L (Fig. 3-6). PPARy IZFFEMIBPICIRALEIIR ST, —
FBHTEA TR ERBFRER LIZZ &b, BV 7 A TR D LR iER B
BETHZERFRBEINDE, ZOLHic, 2 Oo00RBER (Fig. 3-6, Fig. 3-8) 2 b, *
NWENT BT DR Sh, ROEIEMESLc) 5 PPAR &4 75 A4 7O%EHIIX
FHITHEA STV, —OORFEMEE LT, ¥4 La—REE (Fig. 3-6) ITBWTH;
BERE~OBEEDP T TRPST2 EOREE T, PPARy B +otfE LishoTcio®iz,
RELTBYTHA Ty DBEEEZRHE LZZ LB EZ b5, AFFRIZBW T, IEI5H
fao s bix -7 e DA (Vegusdal et al. 2003) & Rie v | EMFERMET TOHIL
EUEICL VFELTWDHA, RBEIEIHRIZIIT 5 PPAR O&EIZHRICT 579
5%, LV mEM TR LEEREFHECOMIRENRLELEL DN D,

fJE PPARe B X Wy iZBWT, & b PPARy & BT 5 & U T FEAWALZ L D
OT I ) BAMBREDLEND Z ENHEINTVWS (Andersen et al. 2000, Leaver et al.
2005, Kondo et al. 2007), =~ %A @ PPARy IZBWTH, U T REATLIZ 2407
J BRIRIEDRM (Res. 298-321) AR bh (Fig. 3-2). YU » FRESHAFOL D LR
BT EBTRBI N, FEEEICHELEA PPARy OEENEETH 5 15d-PGda. Ciglitazone, ¥
& U PPARo {EEIZE T 5 Fenofibrate iX~ & 1 gl S{bicx L CHRBRARSIR 2R & 7
o Tz (Fig. 3-8), 5 EIF L7 EEIZE 0 ClX, JERBHEDIENLER TH D 2-bromopalmitate
720 A3 LPL, FAS, SCD 72 K OMRERBIZ{RHET 5 Z L B T& | [EIEREM-CREH 5
JERSHIRIC BT 2 REREOHEME LRV ISP LB FBINTE, ZEL,
2-bromopalmitate (X Y <% 1 PPARy OIS LEGFHRBEEFE IR (Fig
3-8). EBRIZY H K& LTPPARY IZx L THREA L TWADOMNIRER LA TR, K
BEFEY & CiX 2-bromopalmitate (X B4 7 7 A T &2 EMALT 5 = & 384 X (Leaver et al.
2007) , F7=~ v 2 OBR{LAEIHHIRE Tl 2-bromopalmitate 12 & ¥ {EME{L & v PPARB 2% y
BT IA FEEEEL, MERCIEVMRMEEZFET 22 EBREINTV S (Amriet
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al. 1994, Bastie et al. 1999), ~ ¥ FglfifRIZ IV T, 2-bromopalmitate iZ PPARy ¥
FOIREEFEREFOEMEEZFE LY (Fig. 3-8). 25 LEMRL U RADOBEA LR
BRIZCB Y TEZA TN LTI DTHLAREE D H Y, EOERBFEZALNICTHDIC
X, SRERDENPLETHD,
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Table 3-1. The oligonucleotide sequences for degenerated PCR and RACE

Approximate position

Target gene Nucleotide sequence i
in human PPAR v *

Degenerated PCR

(Forward) 5' -GTGCACGCTTGCGAGGGNTGYAA-3'  (res. 124-132)

PPAR & (Reverse) 5 —AACCGCGAACTCGAATTTNGGCTC-3" (res. 365-372)

PPAR B (Forward) 5" -TGCCCCAAGCCGARAARGAGAA-3’ (res. 185-192)
(Reverse) 5’ —AACCGCGAACTCGAATTTNGGCTC-3" (res. 365-372)

PPAR')’ (Forward) 5 -AGCGGTTTTCACTAYGGGGT-3' (res. 119-125)
(Reverse) 5’ ~AACCGCGAACTGGAATTTNGGCTC-3" (res. 365-372)

Gene specific primers for 3 RACE

PPAR o (First) 5 -GACAAGTGTGAGCGCCG-3’ (res. 146-151)
(Nested) 5’ -AAGGCGGAGATGGTAACGGG-3’ (res. 194-199)

First) 5° -GATCGCTGTGAGCGTT-3’ res. 146-151

(Nested) 5 -CTTTGGGAATGTCCCATGA-3’ (res. 173-178)

PP AR Y (First) 5 -CGACATGGAGCACATGCA-3’ (res. 200-205)

(Nested) 5° -CTGAAATACTTCCCCCTCAC-3' (res. 223-229)

Gene specific primers for 5 RACE

PPAR o (First) 5" -TTCTCTCACCGCTTCGGC-3’ (res. 290-295)
(Nested) 5° —CAGCTCCACAGCGTCCAT-3’ (res. 274~ 219)
PPAR B (First) 5 -GATAGAAAACATGGACCCC-3’ (res. 248-253)
(Nested) 5 -ACCGCTTTCTGCTTTCCA-3' (res. 278-284)
(First) 5’ ~CATCTTTGCCACCAGGGT-3’ (res. 253-258)
PPAR ¥

(Nested) 5° -AGCCTTGGCCTTGTTCATGTT-3’ (res. 227-233)

* The amino acid sequence of PPARy is indicated in Fig.3-2.
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Table 3-2 The oligonucleotide sequences for RT-PCR and real time PCR

Target. gene B e R i
PPAR e AB29547 ¥ CACAAGTATGAROGOCES. (3626p)
PPAR 8 AB298548 5 “CITTGGGAATGTCCCATGA-S (339bp)
PPAR Y AB298549 %, ~SGACATGGAGCAGATGCA-S: (360bp)
s st RIS g
e e oGy ()
My § OG0T
A
Stearoy|Cof desaturase b yB2ogs52 AR b (342bp)
o e ey ST
et gy 3 A o
B astin AB252854 5 -GGCACTGCTGCCTCCTC-3" (30950)

5" ~GOCAGGATGGAGCCTCC-3"
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Fig. 3-1 Phylogenetic analysis of PPARs

The phylogenetic tree was constructed using DNASIS Pro version 2.06 software
(Hitachi, Tokyo, Japan). The sequences of red sea bream are boxed. The Genbank
accession numbers used in this analysis are as follows: red sea bream PPARa
(AB298547), red sea bream PPARB (AB298548), red sea bream PPARy (AB298549),
human PPARa (NML001001930), bovine PPARa (AF229356), mouse PPARa
(NMLO011144), chicken PPARa (PPL539467), torafugu PPARal (AB275885), torafugu
PPARa2 (AB275886), human PPARS (NML177435), bovine PPARB 229357), mouse
PPARB (NMLO011145), chicken PPARB (AF163810), salmon PPARB (AF342945),
zebrafish PPARB (AF342938), medaka PPARB (AY055372), torafugu PPARB (AB275887),
human PPARy (1.40904), mouse PPARy (NML011146), bovine PPARy (AY179866),
chicken PPARy (AF163811), salmon PPARy (AJ416951), flounder PPARy (AJ249075),
plaice PPARy (AJ539469), and torafugu PPARy (AB275888).
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Human PPAR ¥ 1 MTRVDTE-MP FWPTNFGISS VDLSVMEDHS HSFDIKPFTT VDFSSISTP- ——— 48

RSB PPARa 1 —...MESHY HP. S——~P LED..LGSPL CAG.DFMGGM EELQD..(QS~ =———~——— 42
RSB PPARS

RSB PPARY 1 —....00LL A..VG.SLNA ....ELD.S. ..L.M.HLS. L.YT...SSS [HSSLSSTLV 58
Human PPAR Y 49 —HYEDIPF TRTDPVVADY KYDLKLQEYQ S—————— AIKVEPASPP YYSEKTQLYN 96
RSB PPAR ¢ 43 —|DNDALSS FDYPEYQSSS NGSEGSTVLD A——————— —LT...S. —. SYVYGMA 86
RSB PPARB ESPEENNKQ NSS-AATS.T D——————— —|SHT.S. = -LSEGLR

RSB PPARY 59 SCMSPAAVAY DPSP. GSEEH LTNMDYTNMH . YRTELDTHN T..L..E... QL.-DSPVFS 117
Human PPAR ¥ 97 KPHEEPSNSL —MAIECRVC GDKASGFHYG VHACEGCKGF FRRTIRLKLI YDRCDLNCRI 154
RSB PPAR v 87 AGQDDF.S.S SSLAL..... AR ..Y... .o E . . K.ERR.K. 146
RSB PPARSB LGR.DTTGAG —ISV..K.. ...t o e V.M..E ....ERS.K.

RSB PPAR Y 118 LLADDTPG.A —LN. ... ottt s v V..H..H.. 175

[DNA binding region]

Human PPAR 7 155 HKKSRNKCQY CRFOKCLAVG MSHNAIRFGR MPQAEKEKLL AEISS-DIDQ LNPESADLRA 213
RSB PPARo 147 Q..N...... ....... S S..L..K ..MTG.REY ED.QV..QKT 206
RSB PPARA Q.N..... ... SL. ...D...Y.. ..E..RK..V .GLLAEELNV GK.GGS..KT

RSB PPARY 16 H ........ ....... N o e F..-.NEH MH..A..... 234

Human PPAR Y 214 LAKHLYDSY! KSFPLTKAKA RAILTGKTTD KSPFVIYDMN SLMMGEDKIK FKHITPLQEQ 273

RSB PPAR« 207 ..RQIL.EAL .N.NWN.... . To..... S- TP....H..E T.QLA. QTLV A MVGSAASL 265
RSB PPARS ...QUNTA.L .NLSM..KR. .S..M...SS T....... VD T.WKA. SGLY WSQLV. GAPL

RSB PPARY 235 .SR...EAL .Y........ ... S...G. NA....H..K .. E..QFIN C.Q.PNQEH. 294
Human PPAR 274 S-KE VA IRIFQGCOFR SVEAVQEITE YAKSIPGFVN 308
RSB PPARar 266 KDR. AE V... HC..CT ... T.T.L.. F...V...88 301
RSB PPARB T-.. IG VV.YR..CT T..T.R.L.. F..C..... D

RSB PPARY 295 Q-QTSALTIG HGGVTGAYLG SDHSGMDA.E L.F..S..S. .A...R.V.. F....... D 383

Human PPAR ¥ 309 LDLNDQVTLL KYGVHE!IYT MLASLMNKDG VLISEGQGFM TREFLKSLRK PFGDFMEPKF 368

RSB PPARa 302 ...l Y.ALFA .S ... LVAY.S..1 ......... R..S.M.... 361
RSB PPARB B AFA..P....... L.VANK. .Y ..... Ro... .. SEl.....
RSB PPARY B .. L RP L TLAY L s CoM..... 413

[Ligand binding region
Human PPARY 369 EFAVKFNALE LDDSDLAIFI AVIILSGDRP GLLNVKPIED IQDNLLOALE LOLKLNHPES 428

RSB PPAR« 3620Q..M...6.. .......L.V.A.CC.... ..V..AH..RMKESIV.V.O H.LA...DD 421
RSB PPARS LV.A..C... .. M..QV.QS..8I....D .HOA..SD.

RSB PPAR ¥ 3 L 0 LLETV.HS.. ... E...... 473
Human PPAR ¥ 429 SOLFAKLLOK MTDLRQIVTE HVOLLQVIKK TETDMSLHPL LQE1YKDLY 4an
RSB PPARor 422 TF..P..... LA...L.. .ALV.E.. ..-T..... .....RL 469
RSB PPAR B W..P.... LA L. NHV.KK. KKK

RSB PPAR Y a4 L. D..HILLL. ..L.C... ... M... 522

Fig. 3-2. Comparison of the deduced amino acid sequences among human PPARy and
red sea bream (RSB) PPARq, B and y

Dots () indicate identical residues. Gaps are introduced to maximize sequence
similarities. The DNA binding region (underline) and ligand binding region (double

underline) are indicated.
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Fig. 3-3 Tissue-specificities of red sea bream PPARq, B and y

The expression of each gene was detected by RT-PCR. The RNA samples were extracted
from 1) adipose tissue, 2) gill, 3) heart, 4) hepatopancreas, 5) gonad, 6) muscle, 7) ovary,
and 8) testis. The cDNA samples were prepared with reverse transcription (RT+) and
negative controls for contamination of genomic DNA were run without reverse

transcription (RT—).
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Fig. 3-4 The lipid accumulation in the cytoplasm during the differentiation of red sea
bream SV cells.

The cells were fixed in 10% formaldehyde and stained with Sudan black B and nuclear
fast red after 0, 3, 7 and 10 days of the induction of adipocyte differentiation. The bar
indicates 50 pm.
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Fig. 3-5 The changes in the adipogenic gene expression levels in the red sea bream SV
cells during adipocyte differentiation

The cells were sampled after 0, 3, 7 and 10days of the induction of adipocyte
differentiation. The expression levels are indicated as copies /ng input RNA. The bars
represent standard error. The experiment was repeated six times with isolated cell
cultures derived from six different fish. Means not sharing a common superscripts are

significantly different (£<0.05). The abbreviations of each gene are shown in Table 3-2.
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Fig. 3-6 The changes in the gene expression levels of red sea bream PPARs during the
adipocyte differentiation in red sea bream SV cells

The cells were sampled after 0, 3, 7 and 10days of the induction of adipocyte
differentiation. The expression levels are indicated as copies/ug input RNA. The bars
represent standard error. The experiment was repeated six times with isolated cell
cultures derived from six different fish. Means not sharing a common superscripts are
significantly different (P<0.05).
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15d-PGJ2

Fig. 3-7 The phase contrast micrographs of the red sea bream SV cells after treatment
with mammalian PPAR agonists

The cells were cultured in the induction medium for 3 days in the absence (control) or
presence of 3 pM of 15-deoxy-A!214-prostaglandin J2 (15d-PGdJz), 0.3 pM of ciglitazone
(Cg), 5 uM of fenofibrate (FF) and 30 uM of 2-bromopalmitate (Br-palmitate). The bar
indicates 100 pm.
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Fig. 3-8 The changes in the expression levels of PPARs and adipogenic genes by the
treatment with mammalian PPAR agonists in red sea bream SV cells

The cells were cultured in the induction medium for 3days in the presence of 0, 0.3, 3
M of 15d-PGdz (PQ), 0, 0.03, 0.3 uM of ciglitazone (Cg), 0, 0.5, 5 uM of fenofibrate (FF)
and 0, 3, 30 pM of 2-bromopalmitate (Br-palmitate). Values (mean + SEM) are reported
as percentage to the mean value of the control (0 pM) and taken as 100%. Means not

sharing a common superscript are significantly different (2<0.05).
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% 4% 2-bromopalmitate Z V7=~ & A JEIHIRRIZ I 1T D HERERE DR H-

BEAII A TOEEREHERIMTH Y, EMEINDIBEHOREEZ NI 7V EY
F (TG THs, RIEIZEBHIND TG FORBHEICIXEFRIEE 72 £ 0/ kst L Ot
AENTOFHRARICHK T2 HOREEND, BE, AL TRoTe~vF A 22X D,
ARBICBOTRKE#REY 7 B LU= U~ 2B CBIMROIMRIEER BRI SN, £
DOIEIFERENIIFE STV D (Vegusdal et al. 2003, Oku et al. 2006b, Bouraoui et al.
2008), REG¥HY I IR Cidafbic vy, MR ~DASKEEEEOIR V A Z HMEHET 5
(Todorcevic et al. 2008), ¥7=, H2E TR BV, v F A BiEEIENII % 15 HER
FEIMOEHZ BN T EED L, JREEARICEY 2 B L TIRERAR LR, &
DIZIEMIRRERIIA Y A Y VKo TRESN D Z B LN LRoTW S (Oku et al
2006b) ,

FEMIAERRIZ 331 2RI ERICIIS O ERBBEERECREFRBE ST 5, BV
SeizfEn, BBRAEY A%, FEIAERA B X VBB A fafifb 22 £ OfF E EHEE#RE T
DEEN EFTB B~ F A BLOKEEY 7 T4 X T (Oku and Umino 2008,
Todorcevic et al. 2008), F7-. FEUEREEERD T DL IXEFEF PPAR IZE VEEE L
~NVTCHEI SRS Z EBMBEND (Gregoire et al. 1998, Morrison and Farmer 1999),
PPAR iZit a. BRBELByD 30DV T H A THREETIHR, Wb ) o FEGFEE DR
BRTT, xRV 774 TRHERRIEBENLM SN TEY (Schoonjans et al. 19963,
1996b, Kersten and Wahli 2000) , 2 3 FETih_7z ¢ BV, < ¥ A PRIV T PPAR
DYEBNIRD—FE THAHMEDIENES 2-bromopalmitate (2 & ¥, PPARy B L O TFiiDiEY
EHBEER R PO MR TEHREREE LIS Z EBRH L L 2o 72 (Oku and Umino
2008), ZDZ &b, ABUTE VTS PPAR 1B &2 RV e AOSUIRRG MRS DB RESRZE D]
MR XN B,

AETIX, B 3ETHLN LR o7 PPAR {EBIKIC L 2 BETFREDOE(LHSEBICAR

BRI 33T AHEEESEIC OB D00 E S5 D EH LNCT 5728, 2-bromopalmitate
B XA BRI RT IR EHICRIETRE LR, ZOMETIIENLERIC BT
% 2 o0WlE, Tieb bR ARE L UCIRHERAEL#IZFE B LT 2-bromopalmitate
M & ~ ¥ A AR OBEE & OBMRE AT, 1 UHIC, FIRERERB I UOEFER
EZRRAL. <A BRHHRIZBT 2ERERORE (RROKRFRL BEEY) 2HL
AT L. 2-bromopalmitate 23 TG i & FRIFEMRIC KIFTHEL R, RiZ, 220
FERVFIEEERITH B 18:3n-3 7211 18:2n-6 Z RV Z N F R A 8,
2-bromopalmitate BEFH L 7= fEIHER DAL HIC RIETEEIZ OV TR, AEIZBWT
i%. PPAR fEEHEEIZ & 5B FREOBRIES BV HROBIE - WHEIC 5 2 5 —# OB
LMZT A Lz kv, AEIRIMRICRIT 5 AAPERBEOKEICET 32 —20r—
ARET 4 —& Lz,
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ke Gk

1. RERA

HRBRICERA LI~ 4 4 (1—-2kg) IXESKE CERBFEET) X 0EALERKEET
EWBIERT (ZERBEFEET) Ty Afilfas (AERLL, EREESPREK) 2GEH
LTHE L.

2. HRRREE RGO

WA Z A B RS HIZ X DME /F12 (1: 1, viv) 3:#1 (Invitrogen, Carlsbad, CA, USA) #
A L.65mM NaCl, 10% 7 8B RM#E (Invitrogen) . 100 pg/mL A L7 b= A 21,
100 UmL R= Y »ZHRMLUTHEHLE,

BRAERR D XL EICEE LTI, SRR OB LT 272D, BBOSEA T
72\ Ham F12K nutrient (Invitrogen) % V> TFH%E U7z, AT TH = 0L 35 5% (FACG)
SbEiE L) X DME (Invitrogen) & Ham F12K nutrient % 1: 1 (v/v) TiEfn L7255
tZ 65 mM NaCl, 100 pg/mL A kL7 h=4 22,100 U/mL ~==3U > ITS ¥ (5 pg /mL
VYA ARY Y, B0pgmlL FTF U RT7 =Y ), Sng/mL HEE VT MY U A Sigma, St.
Louis, MO, USA)B L 50 ng/mL. /~A Fa =5 (Sigma) ZHMLEZbOEFERL
7o E7- 2-bromopalmitate (2-bromohexadecanoic acid, Sigma), a-U / L > (18: 3n-3,
Sigma), Y ./ —/\E: (18:2n-6, Sigma) BRSOV VIIETNVT I (FRIEE 1%)
EEBiITmEmLT,

3. HEWH%EKRD>S O Stromal-vascular #ikd (SV #HfR) DFFHR
ARSI & & 1o~ & A SV AIIIEEA R SEERIIBIC X VAR Uz, £

B U7 BRI 5% D VG T7T VT X &2 ST PBS FCHIEI L, £ D% 1 mg/mL @ Typel
25 4 —¥ (Invitrogen) %X Z|IBIZ TR Lz, (EHIZ 200 um OFA o>
A v o T Uiz, 800 x g ¢ 3 ol LayBE L, sREBVIENHIK (Bf8) & SVE4y (It
B #4BEL7, BN L7z SV B AR ARHICEER L, N 80% a7z b

(4.3x10%cm?2) DT 3bmm D75 AF v /1GRMTEF#E L, 2 B&IC SVAREXM
HRESOMZAHREHT 3 BYeH L, FEFOMREZERV %, 612 2 HEEEL,
ay7nNxy FORETHEFEERICHER L,

4. FEMSERAE G RRE T2 i3S SRARIAEEIR V IATA I & 2 43 {kikiE

FEWHIRR D LR E i h & LB I ST B Z LI L > CHE LTz, IEVimA
FOREBOFATICE W TIE, MRIIIIERE O AL FAEHC 2 E¥ed L, iEEE R
% L7z®D HIZ 2-bromopalmitate (0-30 uM) % & FAQO M {LFBEEICRH Uz, M
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25C., 5%CO: RHTTITV, X2 BEHIE3 AT L IR LTz, LREEHT1-2 80
BELLOL, Sfticftlie,

¥ 72 SSRRERTER DER 0 iAH & AT HGRR OFENT TiX, IEH I 2 FRE L2 0 512 300 pM
DOHaWGER (18:3n-3 £721X 18:2n-6) 2V VIET A7 I & & HIZEHM L7 FAQ) o LikE
R Uiz, £/, B E U TIBHBRERMORRKE 2R E Lz, 2-bromopalmitate
W CEREBRLARHIC AR HOM L7z, 300 uM DEIELRE & O} 2-bromopalmitate FET T
3 HREE Li=0b, JRIE ISP DREMIERIC X 2 B 8T 7o, EHA gl
FRIETIMO FAQMLFFEE B L, 52 24 BGE Lz, ZoMbelakx
2-bromopalmitate iX#NM U7z, ML 25C. 5%CO2 &4 T THege L7z,

5. #iaEsR
< ¥ A BEREIEHRE 10% 50~ Y o CEE LEZOD Sudan black B 1 LT nuclear
fast red JeEICHE L. IRUEREE2BE LT,

6. UCTZNA—ABIURUCTET— FOED AL

M D~V Uiz Z2E (D-UM CGlucose 33 & U} 1-14C acetic acid sodium salt, %5 200 pCi
fmL) X GE ~/V A% 7#: (Buckinghamshire, UK) L VWA L7, 25 mLE#E T 5 X2
PR L~ ¥ A SVHIRZ EFFEICME Lz, MRIZSEFEE 0. 1 8L 2 @M%IC
1 pCi /mL D UC T Na—RAERIET7ET— N TI8RHI TNV L, ZORVIALEZHIE
L7z, TV L7=HlkaIX PBS T 3 EEES L 7=, 20 mM Tris-HCI pH7.4-150 mM NaCl-2
mM EDTA -0.5% SDS FICH B L., ZEOBHEEZHIE LTz, BIEIZik LSC-6000 ¥~
FlL—varhyrZ— A5 5 (Aloka, Tokyo, Japan) Z{#H L., 3 EREFHHDES
Ex—>DRIEME L Liz,

7. NV ZVEY FOER

BRFEFOBIEL LTTGERZAE Lz, SV MkNX 25 mM Tris-HCl pH7.5 -1 mM
EDTA HiclElR L, BIEEZ27undib - A X /) —iv (2: 1, viv) THIH LIz b04
Wk L7z, TG S BOWERMRF » b TG Test WAKO (Wako, Osaka, Japan) % fv>
FEEERICE iTo T,

8. HRI/ma<w ST T7/<vARRZ hux kY — (GC/MS) ik BB
AEWA4EAERY 100 mg F 721X 35 mm HEERIITEERE Lz~ 54 SV e 2—4 #% 25 mM
Tris-HC1 pH7.5 -1 mM EDTA IZEIR L. izt L, MEEHIZZ aufi s - 2% )
—L (2:1, viv) THiItHL. B%MEEEA ¥ ) — LV TAFILZ AT LTZOL GC/MS Ik
D IERGEETE L B E B L HIE L, GC/MS 24ricit, GCMS ¥ 27 A QP-5050 (Shimadzu,
Kyoto, Japan)is & (8 DB-WAX (Shimadzw) ¥ T A %R Uiz, IBESMAIZ 1T U HIC 120C
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10 3IME L7205 20C/min OFIEGT 191CE THREZ EF L, 30 s7FHIME L7, £O®
220°C ¥ € 10C/min OFI& TRE % LH X8, 220°CT 80 MR L7z, BARIEEA TV
T AT VIZEL v ADA A L 5REEE UTRI L. BB RIS L OV EHERARY F
VESHTIZ X 0 RIE Uiz, TERAIE S BT RH S IR DM A A BRI B 1T B HAXHE
ELTHRE LK,

9. RNA i, cDNA &RE L Ol ERBEERETREOER

# RNA HiHixiilR*¥ ~ + SV total RNA isolation system (Promega, Madison, WI,
USA)Z RV TITW, il U724 RNA B35 Rt 260 nm 2 W TE R Uiz, WiRERIG
I¥ random hexamer % 75 A <—& L TITV>, ¢DNA & AKiZiZ Omniscript RT PCR Kit
(Qiagen, Hilden, Germany) Z{EM L7z, GREISIE 1 pg OF RNA % 10 pL ORISR T
1To7z,

BEFRBEOEERIXY 7 ¥ A L PCRIETITV., Bl & BEIZIT iCycler 1Q real-time
PCR detection system (Biorad, Hercules, CA, USA) % L7z, PCR K& 20 pL KIS %
TITV, BUGIRIZ iQ SYBR Green Supermix (Biorad)ZFAWTIHB Lz, 7T A4 ~—i3%
1pM THER L, R L7 T A ~— O ERELS]iT Table 4-1 1Z7C#. L7z, PCR DIREESM:
WL IX U OIZ 3] 95 CEEE LTed b BZEM: 95°C 0.5 &l EE& UG 50°C 0.5 2rfif.
RS 72C 0.5 57 DYA 7 4T 40 BIEEE Uiz, &3 7V OREER 2 BIREDO ¥
WL L, BEFREERX (2 —8 /ig RNA) & LTHEHLEZ, FERERISEET
ORBEBEMD~F A cDNA Wil 2 AWTER Lz, BBEEIIHRX L OMIMEE LTHRR
L7z,

1 0. #Hats

BB ORERX—TEESHSIT (ANOVA) B L Tukey DL ELKIZ L W ITo T,
fi#HTIZIX Kyplot4.0 (Kyens Lab, Tokyo, Japan)Z{Ef L. HE/KYE 5% (P<0.05) THE
ZEHELZ,

MR

1. IEMiRA OB 2-bromopalmitate DFhH

XU OIZ~ & A JEER G R O 2 RHI R E fRAT U 7o, FA(— )RS G & IV CRRIT IR IBIR
MMEHFCBNT X4 SV AR /HEFEAE 21T S &, BEBARICL Y 1-2 gL
THIRERICIEEOERIRD 6D (Fig. 4-1), IEERARONEREZHET 5725,
SHMEBERTOI N a—x 7T — FORB~ORVABEHRH<D L, WTFhbLEIMT 5
AR b (Fig 4-2), HHHBREBEZETIIRVWS, 7T — LRI NVa—2DF
BRI AHBOHEMIREL . MEFEH 0 B L <3 L 2 BEZIZIZT v 7 — FOHEMAAHK
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32%7DIZXI L., Fa—Xik 103%mL 7z (Fig. 4-2), T, <& A RIS LD
Al CTHERT 5 & | MIROIEVEBHRIZEBN R oM (Table 4-2), H{EFHOBDOH D
T AL, 2EMZITIZ16: 1 DML 16: 0 DA R o7z (Table 4-2),

Wiz, 2-bromopalmitate 777 T TR LFFEHLE 2 — BTV, IEIHERS R ATELR
mFDORE, TG &8EB L OB RIS TREELH~<7-, 2-bromopalmitate DN
(2 & b PPARy,FAS 5 & (*SCDa&{z FRE T HME R 2 R 5 h 7= (Fig. 4-3), 552 &,
< 5 A RERSRRA D TG & BITMT 54, 2-bromopamitate iZ X 5 TG & E~DEEIIR
bhigh ol (Fig 4-4), —F. ~F A NEHHIBROIENEEERLIL 2-bromopalmitate AN
VBB RLN, BMBEITSCT 161 OFESARIZHM UL (Table 4-3),

2. B4 ERIZBIT 5 2-bromopalmitate DEHR

v &4 JRRRC BT 2 ERENRE DAL #~D 2-bromopalmitate DEBEEF 57z
D, aV/LUER (18:83n-3) F72ikV /—ER (182n6) 2EhEh~<¥ A SVHIRIZE
ViAEH, 2-bromopalmitate FIMD KIE TSR ~DEE L H T,

300 uM ? 18:3n-3 £721% 18:2n-6 ZHLeIFMP THOULFEEEZITS L. 3 HLUNICHIRRE
~OIEHEREMPEE SN (Fig. 45), RBHERESH T2 L. R ENRMLUIREY
i (18:3n-3 7213 18:2n-6) OEEMBBM L2, ThéE L biZ, TA¥ 6 Fafi{LEY
(18:4n-3 £721% 18:3n-6)B L UHREREY (20:3n-3 £721% 20:3n-6) DEKSBEREN
R &7 (Table 4-4),

2-bromopalmitate FMNC L D, 18:3n-3 W VA FH-HIBIZEBV Tk, SCDa &5+
ZEX EF U (Fig. 4-6). T & & bICTRIEE 16:1 36 L UV 18:1 DA R &7z (Table 4-5) ,
LinL, 7% 6 Rfafafk (18:4n-3) RPHREREY (20:3n-3) OEMRIITHBIIR LN
2otz (Table 4-5), —J7. 18:2n-6 ZEV A £ /=M TiX. 2-bromopalmitate iXF5HH
EHBAEBREFORBICHEREREEZRIZTI 2h o7z (Fig. 46) A, REEEMAICIZRE
BRLN, 180 IXFEITHML 18:3n-6 IXTAEICHEA L7z (Table 4-5),

EBE

3 ETik~_ELBY, v &4 SV MiEICHIT 2 IENMAR D53 {LBRIZB VT,

2-bromopalmitate (£ 4 ZIEHAMEEREFORRLEMILT DI ERHL N L R T

(Oku and Umino 2008), AFE T, S HICHGTFREOBIELIVE L 0BFREZFHRSH 7
b, 2-bromopalmitate \Z & 2 G EHEERE T REOLE < ¥ A fEiROBEIC S
AOEBEILDRIEELELOTHS, SLEKEFENRENRAROBRIZEBNT
2-bromopalmitate i SCDa a7 DRE LAICRK bIFELRL (Fig. 4-3). £DEYDO—
S THDIEMEE 1611 OFREZHMEI 7 (Table 4-3), FERIC 18:3n-3 #E W AAZIERS
ARRIZEB VTS SCDa BB 7381 (Fig. 4-6) & 161 BL 181 OFEHMARD LTz
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(Table 4-5), £72. 18: 2n-6 Z%H LM T, ISEMEIXR A2 528, 2-bromopalmitate
WIIPE AR IC B % 5. 2 7= (Table 4-6), Z 5 L7z 2> bASEIS MR OBERE 1T,
2-bromopalmitate D X 9 22/ RMEDEF2AWTEET A Z L RFRETHI Z L AHEX
o,

ERERWRIT T, SR SN S IEHBIEHRAROIENICEFEIEE 2 PARKED b
DLEENDD, MHEEZARCEN L L TOMTIRETH S, AL ITIEHBRR
BIMOEERF RV, S RIENEE DB % B AHERR Ul EClEIM A B DT 217 -
2o ZOHRMT TIRHIEMHIRICER SN DRI EICHRARICHKT S L0 LT
&% (Oku et al. 2006b), AFFZDORERTIX, JEVHIIESL L IEHEROBRIZBVWT S
N A= AR AKHICHEERMEMB R ShizZ &b (Fig. 4-2). 7 a— X p3fElE
BREDORBFICHAEN TS Z &R EnT, &biz, IEHERICHEVIENRS 161 @
BRBHEM L7 Z Li3 (Table 4-2), 16:1 A3 & A [RAFMIRGIC 3317 B IEIER & RSB DIk 8
MTHDZ L 2T D, MALBTBOTIL, BEFB OHARIEHHIRIIZ 7 27— %25
ATDZEBMBNTVEN, b hevw Rz &< OMLEEHHRIZ VLTI v a
—REHE L UTHEViBEZA/K T2 (Ingle et al. 1972, Aso et al. 1995, Foufelle et al.
1996) . WHILIHDIEWREST B A R CIIHIED L LTSV I FUEE (16:0) BEREN
DB, Cl16—18 DHEHFEIERSL SCD (FA ¥ 9 REFHLEERE) & X B REEFHEEZ T L
I PAVAUEE(16:1) oA VA VB (18: 1) DA &5 (Volpe and Vagelos 1976, Wakil
et al 1983, Ulrich et al. 2001), Z 5 L7 2B Lo, AREECKIEEW > HHESE
FTHiE, v~ FAIZBTIEVRAROAFRNFHITHAEOLOLELULELDOTHD &
EZxbhb,

< ¥ A 7 & OWERA TS EREYIRE (HUFA) OAREBIMELS, 20%< &2
ZIRMRR L LTERTAZ LFAMDOEEBY ThHb (Kanazawa et al. 1979, Watanabe
1982, March 1993), #FEER DAEH SR OBMEIFFNRMRZ AW 2R TIX, Ak 3 VHskD
TF I3 T Cis-0 BHURIERTEMEDS, 3 — 1 v /3~F o H13RD SAF-1 HIRILT v F 5 R fafn
{LEERIEEREN TN RALTWDZEBALN LR TEY), £RODEEMICEKIT S
HUFA 8BAE0RRE & E 2 5T B (Tocher et al. 1989, Tocher and Ghioni 1999), ¥
72, =V<2Tix HUFA T 183n3 BL W 182n6 NHAERARTHI LB TEHHN

(Henderson 1996) . n-3HUFA & BIEMEIIATIE & & FEREE (cecal mucosa) IZRBWTHEIL
MEENIRA R TIERWER 2N Z RFE S TED (Belletal 2003), =Y <vAD &
5 I HUFA A RREEZE b oHfEICB W T H EVGIZ HUFA G OB TIIR W E shTn 3,
< & A BEHHEREIZ 38V VT 18:3n-3 % 18:2n-6 DHEHIFRINC X 0 JEIH ¥R A2 FHE L (Fig.4-5) .
ZOMRESW Lz Z A, BMLZIBIBEROSROBME & iz, T¥ 6 Rafik

(18:4n-3 F 721X 18:3n-6) X Cis20 HELEREEY (20: 3n-3 B LU 20:2n-6) DAERSR
bz, 7 7% FUEE (2014n-6) X DHA (22:6n-3) @ & 5 72 HUFA A REMIIFFCIR
HEhhol, ZORERIL, <F A2k > T HUFA BSHAHETH Y., Hol5HIRE
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H &5 HUFA AROEF TRWI L EZRL TN S,

RER5EE & RRIZ BV T, 2-bromopalmitate (XfEFEHBEERTCFRBICHELTL.,
PPARy. FAS 3 X 1*SCDa 0RFIC LRMEMMB R bz (Fig. 4-3), LA L. FAS®IGZF
FHEOEFICHBEDL LT, M0 TG &RITFTHMNT 5 Z Lidieh ol (Fig 4-4), falj
FRDBEBRRICBVTIE, FAS DIENIic b 72 F v CoA R U FRRDOAHBEEAER 2 84k
%< OEERERPBGFHIEE TS Z L35S (Segner and Bohm 1994), TG & #4380
Lo lRD—o& LTit. 2-bromopalmitate T2 b ORI E THEMITHZ &
BTEXRhol-iEEREZLbND, SCDIXEWBOT VY IMIZZHESEZHEATIR
PAFHLEERE TH D . 16:0°18:0 2 161 B I R 181 IZAEH T 5% H %2 b -2 (Miyazaki and
Ntambi 2003), <& A{ZBWTRIE S ZFHED SCD BInT L ORI RHE _LOBRIX
RONBROH, 22BN\ T 25O SCD Hlta T (Codl B I Csdd) HRIE ST
% (Polley et al. 2003), =A FFIBICH W TIHEREABEIZ L Y Cod2 B FO—BMFEH L
A5, E-ARERGEIC LY Codl BB TRROMMBFEHEND Z L Mbh, &
0D SCD HEB IR IR 2RI D Z L AR I TWS (Polly et al. 2003), <%
AR B O SCD BT OMENZRIIRHTH DA, 2-bromopalmitate (239
BINETEVWERLND Z D (Fig. 4-3), M4 &b 2 OREMEERIITEVDE D
2rEZILNRD,

F v MBI T, g/ —AHFERF (PPAR U U F) T2 3-thia fatty
acid (Cis-S-acetic acid, Cia-S-acetic acid) Z # 45 L. SCD B FHREZEMEALTHL 18:1
OEESEMT 5 Z L PREESNTWS (Madsen et al. 1997), < ¥ JEIHIRRIZEWNT
¥, SCD BETFDEMACIZT v MFRICBI 2B L FL L3R e R, < ¥ A IENiA
JaTiX 2-bromopalmitate #A 12X ¥, SCDa OEETFHBUT LA L (Fig. 4-3), 161D
SEEZWME L (Table 3), 7, FEKIC 18303 ZFEMLILMEICBVWTD
2-bromopalmitate i% SCDa B ¥R % LH X8 (Fig. 46). 1681 BLV 181 DER%E
WM &47= (Table 4-5), —J7, 18:2n-6 ZEH L7=AMIITiX, 2-bromopalmitate #RANT &
D IS SRR EFORBUCIIAR R EIR b h o7 (Fig. 4-6) 25, ARWRRMAKIC
B L i 18:0 DM E 18:3n-6 DFANRR Sz (Table 4-6), B FRBICIENERMAL
DEBTRBMBY, 183n-3 #EFM LML 182n-6 #ERI LM L ORI,
2-bromopalmitate {Z% T BISEIEVBRONIZZ &0 D, £ ORI MM ER
S EBROBBEIC X > TENM LA LRBR I, £OREE LT, BUiRIZE
NEEDS PPAR VH L FERDSZZENRAOLNTEY (Ding and Mersmann 2001,
Azarin 2004, Madsen et al. 2005) . 2-bromopalmitate & ORI & DHFRAZNE B AL U
AR E 2 b b,

AREIZRWT F A JRIMIRIC BT DI E R ORR & T ORI OV THR R Z AW
THist L7-43, PPAR {EBI3E/: & OAMER I L 0 B EREERE FORE L H DY, iF
BB DA « TRH B EMEL 9 B2 Z BB LM E otz BIETIX. FHEALEEHRER
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FHREARA~DIRHEREIE L L OB OIREREY 2 kxR bOoMRfEM & LTHA
FlizBWTh s eitahTtna s (Kleveland et al. 2006, Leaver et al. 2006) . 154
ZERAWEAPFRICBIT ADFERCRELESE IS LI ERO—BicR3 b0 L HFEN 5,
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Table 4-1 The oligonucleotide sequences for real time PCR

Target gene fggg::ron No. Eggz:gl) Sequences el ifli:r?gff:agmnt
PPARa L ot e
s wosts § SIS
e SOUREOET oo
Stcaroleo?sgg:?turasc a AB298551 55’, :chggiii’égmgiﬂgga (3420p)
StearoyiCoh desaturase b yppgace) o TGO (34202)
e s §CEISNES
Bactin AB?252854 5" -GGCACTGCTGCCTCCTC-3° (305bp)
5' -GCCAGGATGGAGCCTCC-3°
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Table 4-2 The fatty acid composition of total lipid in the red sea bream adipocytes
cultured in the FA(-) induction medium for Oday and 2weeks

Fatty acids (Adipose tissuc) 0 day 2 weeks
14:0 (7.2£0.9) 3.9£0.32 29+05°2
16:0 (40.79%1.2) 39.5+2.9° 228+19"
16:1" (11.816) 84+11° 21.1+09°
18:0 (11.706) 10.6%0.59 84+43°
1817 (26.420.6) 31.4%26° 38.7+4332
18:2 (n-9) (ND.) N.D. 21421
18:2 (n-6) (2.0£0.2) 5.1%0.72 41%1.32
20:4 (n-6) (N.D.) 1.1£0.3 Trace

The Values (mean +SEM) are indicated as relative amounts (%) of the detected fatty acids. The

experiment was repeated four times with isolated cell culture derived from four different fish. The

FA compositions of the adipose tissue used for the cell preparation were also indicated. Means not

sharing a common superscripts are significantly different (P<0.05).

*Predominantly 16:1n-7

+Predominantly 18:1n-9
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Table 4-3 The fatty acid composition of total lipid in the red sea bream adipocytes
cultured in the FA(-) induction medium forl week in the presence of 2-bromopalmitate
(0, 8 and 30 pM)

Fatty acids ouM 3uM 30 uM
14:0 20£0.2° 22+0.1° 2.4%+0.1°
16:0 223+038° 204+1.1° 19.8+1.0°
16:1 * 15.2+0.6° 18.0+0.8° 227110
18:0 6.510.3° 71032 6.7£0.3°
1814 450%+1.3 445+132 41.1+1.4°
18:2 (n-9) 4.71+0.3° 470,59 42+0.5°2
18:2 (n-6) 14+0.2° 1.2£0.2° 1.1£0.1°
20:4 (n-6) 26+02° 2.0+0.1° 1.9+0.3°

The Values (mean *SEM) are indicated as relative amounts (%) of the detected fatty acids. The
experiment was repeated six times with isolated cell culture derived from six different fish. Means

not sharing a common superscripts are significantly different (P<0.05).

*Predominantly 16:1n-7

+Predominantly 18:1n"9
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Table 4-4 The fatty acid composition of total lipid in the red sea bream adipocytes
cultured for 3 days in the induction medium supplemented with 18:3n-3 or 18:2 n-6

Fatty acids not suppl. +18:3 (n-3) +18:2 (n-6)
14:0 2203 1.7£03 1.04%0.1
16:0 247116 176126 126%1.9
16:1° 119+14 1.7x0.2 1.1£0.1
18:0 13.7+£33 16.2%+3.5 10.3£25
181 38.1+1.1 8.2%1.2 10.3+1.0
18:2 (n-9) 29%03 22%0.2 N.D.
18:2 (n-6) 3104 1.9%0.3 56.5%0.9
18:3 (n-6) N.D. N.D. 1.47£0.3
18:3(n-3) N.D. 394+23 N.D.
18:4 (n-3) N.D. 35%04 N.D.
20:2 (n-6) N.D. N.D. 44108
20:4 (n-6) 3.4x=08 25110 22105
20:3 (n-3) N.D. 5.0%0.7 N.D.

The Values (mean+SEM) are indicated as relative amounts (%) of the detected fatty acids. The
experiment was repeated four times with isolated cell culture derived from four different fish.
*Predominantly 16:1n-7

+Predominantly 18:1n-9
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Table 4-5 The fatty acid composition of total lipid in the red sea bream adipocytes
cultured in the induction medium supplemented with 18:3n-3 in the presence of
2-bromopalmitate (0, 3 and 30 pM)

.Fatty acids Oum 3uM 30uM
14:0 1.1+0.12 0.9+0.1° 0.9%0.12
16:0 19.6%+1.1° 20.3+1.0° 216072
16:1° 17+0.1° 24+02° 4905
18:0 11.5+0.7° 12.9+0.8° 13.6+0.92
181+ 9.7%08" 11.5+1.0% 13.9+1.10
18:2 (n-9) 1.540.12 1.4+02°2 1.8+0.32
18:2 (n-6) 19405 ° 18+0.6° 214052
18:3 (n-3) 39.5+13° 35.6+1.4° 29.1+14°
18:4 (n-3) 6.1£0.6° 57+032 48+0.4°
20:4 (n-6) 1.4%0.2° 15+03° 1.6+0.1°
20:3 (n-3) 5.9+0.3° 6.0+03° 57+04°

The Values (mean*SEM) are indicated as relative amounts (%) of the detected fatty acids. The
experiment was repeated six times with isolated cell culture derived from six different fish. Means
not sharing a common superscripts are significantly different (P <0.05).

*Predominantly 16:1n-7

+Predominantly 18:1n-9
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Table 4-6 The fatty acid composition of total lipid in the red sea bream adipocytes
cultured in the induction medium supplemented with 18:2n-6 in the presence of
2-bromopalmitate (0, 8 and 30 pM)

Fatty acids OuM 3uM 30uM
14:0 1.0£0.1° 0.9£0.1° 27+12°
16:0 15.5+0.7° 16.6+0.8° 19.0+2.2°2
16:1" 0.8+0.12 1.0+0.1°2 26+1.0°
18:0 6.8+0.3° 8.0+04% 8.9+0.8°
181+ 10.2%+1.3° 9.7%£1.0° 125+1.6°
18:2 {n-6) 542+1.2° 53.0%+1.3° 448+5.52
18:3 (n-6) 33%+0.2° 344032 2.1+0.2°
20:2 (n-6) 6.7+0.5° 6.1£0.5°2 59+08°
20:4 (n-6) 15+0.12 14+02° 1.4£0.1°

The Values (mean®SEM) are indicated as relative amounts (%) of the detected fatty acids. The
experiment was repeated six times with isolated cell culture derived from six different fish. Means
not sharing a common superscripts are significantly different (£<0.05).

*Predominantly 16:1n-7

+Predominantly 18:1n-9
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Fig. 4-1 Lipid accumulation in the differentiating adipocytes of red sea bream in the
FA(-) induction medium

The red sea bream SV cells were differentiated with the FA(-) induction medium for 2
weeks. The cells were fixed in 10% formaldehyde and stained with Sudan black B and
nuclear fast red after 0, 1 and 2 weeks of the induction of adipocyte differentiation. The
bar indicates 50 pm.
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Fig. 4-2 The incorporation of 4C glucose and 4C acetate in the differentiating
adipocytes of red sea bream

The cells were cultured in 25ml culture flasks and harvested after 0, 1 and 2 weeks of
the induction of adipocyte differentiation. The incorporated radio activities are
indicated as cpm/culture. The bars represent standard error. The experiment was
repeated four times with isolated cell cultures derived from four different fish. Means

not sharing a common superscripts are significantly different (£<0.05).
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Fig. 4-3 Changes in the expression levels of adipogenic genes by the treatment with
2-bromopalmitate in the red sea bream adipocytes cultured in the FA(-) medium

The cells were cultured in the FA(-) induction medium for 1 week in the presence of 0, 3
and 30 pM of 2-bromopalmitate. The values (meanstSEM) are represented as
percentage to the mean value of the control (0 pM). The experiment was repeated six
times with isolated cell cultures derived from six different fish. The abbreviations of

each gene are given in Table 4-1.
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Fig. 4-4 The triglyceride accumulation in the red sea bream adipocytes differentiated in
the FA(-) induction medium in the presence of 2-bromopalmitate

The cells were cultured in 35mm diameter dish and differentiated with the FA(-)
induction medium for 1 week in the presence of 0, 3 and 30 nM of 2-bromopalmitate.
The values (means+SEM) are represented as triglyceride (ug)/culture. The experiment
was repeated six times with isolated cultures derived from six different fish. Means not

sharing a common superscripts are significantly different (P<0.05).
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Not suppl.

Fig. 4-5 Lipid accumulation in the differentiating adipocytes of red sea bream in the
induction medium with fatty acid supplementation

The red sea bream SV cells were cultured for 3days in the induction medium with 300
M of a-linolenic acid (+18:3n-3) or linoleic acid (+18:2n-6), followed by the cultivation
for 24hr in the medium without fatty acid supplementation. The cells were fixed in 10%
formaldehyde and stained with Sudan black B and nuclear fast red. The bar indicates

50 pm.
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Fig. 4-6 The effects of 2-bromopalmitate on the expression levels of adipogenic genes in
the red sea bream adipocytes accumulated with a-linolenic acid (+18:3n-3) or linoleic
acid (18:2n-6)

The red sea bream SV cells were cultured for 3 days in the induction medium with
300pM of a-linolenic acid (+18:3n-3) or linoleic acid (+18:2n-6), followed by the
cultivation for 24hr in the FA(-) medium without fatty acid supplementation. During
this process, 2-bromopalmitate (0, 3 and 30 pM) was supplemented continuously. The
values (means+SEM) are represented as percentage to the mean value of the control (0
pM). The experiment was repeated six times with isolated cell culture derived from six

different fish. The abbreviations of each gene are given in Table 4-1.
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WESE

AR TITARFREV RO B L O ER BB LMATI L2 AME L, B

o, WERMAL LTEERBTHI (4 2AV. BERBERETORE G 1 %)
MRS BRRICL ZIMMROMEFFEERFROMY. (GF 2 ) 217V, Z04kiZBEL
TIHIREARMEE R L2 < OBBEREF A LEKTFRICRERE ENS Z L B3H LML 2
o7 (35 8 ), £, v XA EHHRICB T 2BERERFREIZ LRCH - 3 EER T
PPAR {EENEEZ AW CHMET A Z L BHHETH Y (BB 3E). £ORER. BUBERR LD
HREEIC LR ETRTZENTRENE (F4FE), Zho—BORBRENLL, FEMRSb
WZRIT AN L OILFER - MEAPH LMD L L b, ABICRBWTHBETF
Z V2 BB MRS DS RER BLoD A 2 E0HIH D vl R S hvl,

fARtE VB U IEE 2 EO= 3 F—FULREER TEMEBOL DR A I 5 —F,
ZORPGTIIEEY & LTRIKICERSNS, €01, BIEEGEREICXLIBEE R
ANF—BRUTAE~OBERIEHERE L 2Y (Oku and Ogata 2000), F#AADHBEIZ
REREEEEZ25D, ZTRETIC, RBRELEBRIHIEHOBANLG, BEEEHIIBW
TEHREBHEE OE@E & RO . A DOKIBNERICE U I3RS & 0
FRIZONWTEL L DR 72 3N TE 7= (Watanabe 1982, Takeuchi et al. 1991, March
1993), —F. JEMERZ LRI ORE L IR 2 MR LV ORI OVWTL, kb5
WiTRA T AEICET DIEERR S 2 <7= b (Yamada and Nakamura 1964, Zhou
et al. 1996) <°, ¥ ¥ A OYIHIRR B COREMMROHBEIRN 28582 L -# &S] (Unino
et al. 1996) 72 EAIRIZEITHRFHIR b DITR STz, AR RER LTk T,
BRAL U7 I ER AR AR o R I 2 W T2 SE IR DI e B Z K T TR D, i
B « (b D FHEESCH D WHIENC DN TR EREERE HIF T 5 (Dani et al. 1986,
Ramsay 1996, Gregoire et al. 1998) , f3RIZBWN T H~ ¥ A Oz, KBEFHEY 7 (Vegusdal
et al. 2003, Todorcevic et al. 2008) B L=< X (Bouraouiet al. 2008) IZI\V\THHK
BEERZRERWIE RO LSRR S, MLV~ CORENERICET 205
KAWL TS, BifFicdliiE, YL U= U~ XEWMROSEFEE I MELS LV
S A ERS & TABERNMPEETICBWT, SVEVLETE Z 2> TITH

(Bouraoui et al. 2008, Todorcevic et al. 2008), 7272 L Z O ETIME 2 ST/~ dN S
WMENTIC R EERZBADRT L, EHINTZIBEOHEBFE LIS W EDORERH
5, AL TIIANRW: EDONFRFOMETFMRESTHY . BEEEZESICRETE
3L ) EMIERERICE A HMEFEELZEHA Lz, ~ A BRRITELFERRSRMGTICR
WT, FEIFEH. BERETRIABLOCA VR Y VR ERVE LV ~DSEREEFRFELTY
7= (B2%8), ~¥APREEREZRWIATFRIZE T 2 B SRR O Tt lBike
FRACOWTIIIEHERMNT 128 (F2EBICHE4E), HDIVIIEERVARTEL
TiE 300 uM FERFEETOMGG (BE 4 %) T3 A OREE L L, Kkl L UM o0&
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WEFIF LT, IEISEEG R L IEIRRIR VAR ENEN DR Z T T2 Z L BFREL 2o
Teo WRDZ L THHH, HEEMIBIIEEL ANV EIZRRIRECEMNTEY ., BHER
WKBITLEZ LI LV ZOREREDL D FREMER & 5130, WAFIEMRIZE L Tixs
{EFFEEICETE L USBERERD Z L bREIN TS (Deslex et al. 1986, Slieker et
al. 1998), XV FMICABIRIMRRORELILET 272 0IKiE, LEEELED. EHo
BRFERWTE R RERETT 5 LER’H 5,

X ¥ ORI & CIFIBROME 2 AV CIsIBR AR EE 2 E LR Tk, 5
WIiARE T OREMEE GBI 1/30 R L i shTwd (Linetal 1977), 72, H
KRFF )NV LT- 18303 HHEZAWERERRTIX, = U~ X EENEERICIE HUFA
BRORIGPEERBREH I 2N Ehd, HUFA SRRIIRERTOHD Z EBMEENT
VW35 (Bellet al. 2003), T DHDFERNS, MBI BIT DIRNIMEERILE —ZANTIXS kS
HeZBHUCERTHETHY . BUBRESRPELBRIZBE L TEORENIEL BNLE
RDFAMBEEND LRV, L LR SARFRICBVTIIIRIEE OMIE~DER Y A%
ICEH 5 LPL2 iz .. B &G R (FAS) o7~ fafi{k (d6DES. SCDs) BMH{RFD
REN~ A VR RBW TR SN B 1E), £, FMambBRO—ERAT 72
A )V CoA REaFLEER B+ (SCDa) % 2-bromopalmitate ® X 9 IRANVERIRFCiEtE(L &
h—ErfaffelieE R (16: 185 T18: 1) #HMIEHZLPHLNICR-TZ (4
), ¥R EOEATIIHAMBBEERO — MRS RIIRAOYME, FHIRBEOR
EWCHE L X (Melton et al. 1982, Yang et al. 1999), BUEH K EDE =0 bZ DEERETF
T 5 SCD BB FDENTHHED 51TV B (Ohsaki et al. 2007), = & 1 fgitAfizR VT
JERFBEAREIF LR O FESHER &, TORETFREADRIENSIEIIEEHRICRI®R SN
ZEid, ANRETF R L REHSEREo—Fl & LT, 4%, £IRIEIME OMEMRIL -
BB L DA EREENORBICRRT 2 b0 L HiFEN D, TOMIZARERBHCEE T
SEHEHEA L LT, BUREM HUFA G2 ERH 5D, IBIBRERIZ OV TILE OFFE
fRET b~ U R g E OB MG & OFEMER IR IR (B 4 FE) 25, A4HETF

(2-bromopalmitate) =& 2HERBADOBILIIR O ieh o, EBERUFBVIERYIT
H5 n-3(18:)K LV n6 U8DIZOWVTIL, ~F A JRIMIRIZEB W TTF ALY 6 REafLSe
C18-20 HRIEEVNE Z 5 Z & BN F &7, HUFA ERIEER ST, 2.
2-bromopalmitate i HUFA G ICHEZ RIETZ Lidhh o (B 4E), SBDERE
LT, ABEEVHEZICBOYTREMEOE WA ARBEBTOBEBICERZY T, £0HH
BREZ AR LTV Z & BRI R AR ERE~DISAZEX 5 0bloTHSELEZ LN
Do

% 3ETITRENIR G T OREL BENICHIET 55 HF PPAR % UL Lz,
PPAR i1V 7 FMEFREFERTTH Y 20D SMBRTEY Hv FE LTHWS Z &
XV IEERAEL TR NAMICERIET 2 RHB3H D, £z, FRATD IV FofE
BUZ X o TTHBEBETOIBHICEN NS Z L 38 51 TE Y (Schoonjans et al. 1996a,
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Qi et al. 2000) . FFAUIZIVTHEENC PPAR #REOFIF 2 BviX, FRBEOBERE
EBRMICHET 2 Z LB Eh 5, B EREEREFORECT vy 37247

(PPARy) 23ty El % Bel=3 2 & H%1 51 5 (Schoonjans et al. 1996b, Brun et al.
1997), 3 ETRARLE BV, LMETII~F A bE D PPARy ® V) H v FESHOMEIEL
WHBEDO DL BEARZN (H3FE), VYNV FRI Y —=v IR EOMERKREZIToT
TWRWEeDIZ, BIEETZEOY Yy FIERIE S TWRY, < &1 [RIiHIE Tidakss
HrAEDLEEEA, FABKFIIVWEEREETH DA, FEABHEEHRTH D
2-bromopalmitate # i\ T PPARy B L O THOBERBE G TFORBEZEMLTHZ L
NTEZ (BIEBIVCE4E), 20z LiZFERHIZ L 5 PPAR B L CEEERT D
I ORIREM: 2 RRT 5, Eiz, (FEIR~DBRZMEIREFILICRRY . BbBRMER
By o7z SCDa 139 6 fFOBMBTRE LR L, TS MIEE~DOEE (16:1 DO
m BRI (H4E), LrnLl, EONRGHETIRBRECLVRBEBEShD ERD
L. 18:3n-3 ZEF L=~ ¥ A MMl L B2 v | 18:2n-6 &R L 7= #ifa Tid SCDa #&ix
FRE~NODHRIIRON 2D o7, TOZ X, [FHEMICFARNIMMEIZL Y PPAR #is
TIEMALDBRIEETT 535G, FEIBRORE L §FE T, R - KERFICbHET IHE
NHdHZLEEWRT D,

AT~ & A EEIEV I 2 VT, SHEOEEER BT T 5 BRI
BERFOBMEESF LV THLMI Ui, BREIBREK « BV 1A% E IR RO 240
IR EEET 3 b00, 2 EEAD LPLEREFORE (B 1%, BEttes I
~DOISEN (35 2 ) X° PPAR IC X2 RBHIHEE B33 L, W 2r0MERE
RS HRERPBFONTCZ&IE, ThETHON TEMABDOIERBEEDL LEZ
ORISR T2 AN, DT LLABICHE LBRNWI LERRL TS, v ¥ 1525
DI WERBRIZBONTIX, Ak e LTIREORARRE Y., mERRfEREE
KT B, 2 EORBARKBEREZTTIENMONS (Watanabe 1982, March 1993),
Z07H, RFERICEBRLRWVMEEZAVWD L, RERBRPRPAFE LD LBHY

(Mourente and Bell 2006, Montero et al. 2008) . HE4tt 7 £ OREEEHEURH 2 B
MATZETORBER LTINS, £, BBIZBWT, KENOERCIRE MBS
EHERRZERE., FEHBILOCAMEBANMREICL VY RELIEHTHI EAMOLN TN D

(Black and Skinner 1987, Osato et al. 1991, Saera-Vila et al. 2005), AHBFFETHE &Mz
Rolev XA IREREHEECIE MR EREORES, £ 9 LIcREOERFEL L0
Lo TVBRDONALNCTHZ LREHOFHETH D,

S HIZFRFEAICB T, SE R LR FEERAR OB AN L. BB T R
#t - B E R R AT 4 =—F — & L THWEIRERBBEDM L - WENRA L
T3 (Ganga et al. 2005, Kennedy et al. 2006, Kleveland et al. 2006, Leaver et al.
2006), L LZRBEH, 295 LFRIEEE, AERRLZEL TIThHL TV ORERETH
%, FEEBROEGS, R &7 0 BRORRX 2R T TEEMICD Y B E1TV,

.78.



RERERCERD T L VEREZHET OB —EHTHD (Oku and Ogata 2000),
FDRD, HaxRYWEEFEHL L TR V- 7352 eHETS L. AFRRTIX
RIS - ZZRIBGISAEL D, 5 LEERAWVW O TERLFHL AT, AL THSR
LR A T 4 = — 7 — ORI ~DO—DDEH 2T b D LB TN
5, THbb, FRREAV, BEFRECHEFMER EE2/NRr—VTITn, HOBRE
MEOTHZ L > THERRR COFEEFREZB IR ZEBAHEL BoT, HETH
—RARZ T 4 —ThDBH, AL TIE 3 BV T 4FEHD PPAR {EBIEE % AV %
RIZBWTRZ J—= 7 &21TV, £D 55 2-bromopalmitate 3% < DIFEHHEETF %
EMEATAZ LB L, TOLTE 4 BEIZBWUREHMEZ TV, TOERERTT
IVE 9 REEFUETH Y . IEIEERMEIC R BB 2 L #H LM L, MR, REATF
4 == —ARIZBWT, REMICIIETEFELE LTORERBRBLBERARTHHZ L
EIETHRVR, ZOFHER L LT, AFRTITom—HoOFEEZAWIL, £V
SR OR T2 RFIRN L, BFEF2HERBRICEL > TIRIERIRT 5 Z L B3WRETH
5, £, BONERADRICOVTHERRICBIT DIHEHMENO T TDZ LB TE
Bo, €5 LIEWRTIR, AUFTITIRayZ. BIEAICKIT A AREOMERBNIH L £
DISAMEICERT 2 b D LEZXTVS,
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o

AR X DERRIC DT b . RAAHIEE, HHIREZ TR R B REEY EME R ETTIER
BERMEBRICRER OB ERLET, £, REARRIHMELHE X LIRE
Foth#dz, RBEEER, Eh—RERICBHOBEZRLET, AFRERICHIY ., I
HWHEBEMHWSH K COKEREHIE v ¥ — R R OAMITIE, FFHEIZE
WTZHAWEEE L, TICRLTEHROEERLEY., b2, AFREO—HT
bOKEF -7 Y=y MR [N 7Y A EHE] CBEOHEEE X T
THS & L BIT, AFRDHBENIR A S E Lt B AT JERT R BT B R TR H
LLEFET,

-80.



51 FI3CRR

Ailhaud, G., Amri, E. Z., Bardon, S., Barcellini-Couget, S., Bertrand, B., Catalioto, R. M.,
Dani, C., Djian, P., Doglio, A., Forest, C., Gaillard, D., Grimaldi, P., Negrel, R.,
Vannier, C., Vassaux, G., 1990. The adipocyte: Relationships between proliferation
and adipose cell differentiation. Am. Rev. Respir. Dis., 142, 57-59.

Ailhaud, G., 1996. Early adipocyte differentiation. Biochem. Soc. Trans., 24, 400-402.

Albalat, A., Gutierrez, J., Navarro, 1., 2005. Regulation of lipolysis in isolated adipocytes

~ of rainbow trout (Oncorhynchus mykiss): The role of insulin and glucagon. Comp.
Biochem. Physiol., 1424, 347-354.

Albalat, A., Sanchez-Gurmaches, J., Gutierrez, J., Navarro, 1., 2006. Regulation of
lipoprotein lipase activity in rainow trout (Oncorhynchus mykiss) tissues. Gen. Comp.
Endocrinol., 146, 226-235.

Amri, E.-Z,, Alihaud, G., Grimaldi, P. -A., 1994. Fatty acids as signal transducing
molecules: involvement in the differentiation of preadipose to adipose cells. J. Lipid
Res., 35, 930-937.

Andersen, O., Eijsink, V. G. H., Thomassen, M., 2000. Multiple variants of the
peroxisome proliferator-activated receptor (PPAR)y are expressed in the liver of
Atlantic salmon (Salmo salan). Gene, 255, 411-418.

Aso, H., Abe, H., Nakajima, I., Ozutsumi, K., Yamaguchi, T., Takamori, Y., Kodama, A.,
Hoshino, F. B., Takano, S., 1995. A preadipocyte clonal line from bovine intramuscular
adipose tissue: None expression of GLUT4 protein during adipocyte differentiation.
Biochem. Biophys. Res. Commun., 213, 369-375.

Auwerz, J., Schoonjans, K., Fruchart, J.-C., Staels, B., 1996. Transcriptional control of
triglyceride metabolism: fibrates and fatty acids change the expression of the LPL
and apo C-III genes by activating the nuclear receptor PPAR. Atherosclerosis, 124
Suppl. 29-37.

Azain, M. J., 2004. Role of fatty acids in adipocyte growth and development. J. Anim.
Sci., 82, 916-924.

Bastie, C., Holst, D., Gaillard, D., Jehl-Pietri, C., Grimaldi, P. A., 1999. Expression of
peroxisome proliferator-activated receptor PPARS promotes induction of PPARy and
adipocyte differentiation in 3T3C2 fibroblasts. J. Biol. Chem., 274, 21920-21925.

Batista-Pinto, C., Rodrigues, P., Rocha, E., Lobo-da-Cunha, A., 2005. Identification and
organ expression of peroxisome proliferator activated receptors in brown trout (Salmo
truttaf. fario). Biochim. Biophys. Acta, 1731, 88-94.

.81-



Bell, M. V,, Dick, J. R, Porter, A. E. A,, 2003. Tissue deposition of n-3 FA pathway
intermediates in the synthesis of DHA in rainbow trout (Oncorhynchus mykiss).
Lipids, 38, 925-931.

Black, D., Skinner, E. R., 1987. Changes in plasma lipoproteins and tissue lipoprotein
lipase and salt-resistant lipase activities during spawning in the rainbow trout
(Salmo gairdneriiR.). Comp. Biochem. Physiol., 88B, 261-267.

Boone, C., Mourot, J., Gregoire, F., Remacle, C., 2000. The adipose conversion process:
Regulation by extracellular and intracellular factors. Reprod. Nutr. Dev., 40, 325-358.

Boukouvala, E., Antonopoulou, E., Favre-Krey, L., Diez, A., Bautista, J. M., Leaver, M.,
d., Tocher, D. R., Krey, G., 2004. Molecular characterization of three peroxisome
proliferator-activated receptors from the sea bass (Dicentrarchus labrax). Lipids, 39,
1085-1092.

Bouraoui, L., Gutierrez, J., Navarro, 1., 2008. Regulation of proliferation and
differentiation of adipocyte precursor cells in rainbow trout (Oncorhynchus mykiss). J.
Endocrinol., 198, 459-469.

Brandes, R., Arad, R., Bar-Tana, J., 1986. Adipose conversion of cultured rat primary
preadipocytes by hypolipidemic drugs. Biochim. Biophys. Acta, 877, 314-321.

Brun, R. P, Kim, J. B, Hu, E. Spiegelman, B. M., 1997. Peroxisome
proliferator-activated receptor gamma and the control of adipogenesis. Curr. Opin.
Lipidol., 8, 212-218.

Capilla, E., Diaz, M., Albarat, A., Navarro, 1., Pessin, J. E., Keller, K., Planas, J. V., 2004,
Fuctional characterization of an insulin-responsive glucose transporter (GLUT4) from
fish adipose tissue. Am. J. Physiol. Endocrinol. Metab., 287, 348-357.

Chawla, A., Repa, J. J., Evans, R. M., Mangelsdorf, D. J., 2001. Nuclear receptors and
lipid physiology: Opening the x-files. Science, 294, 1866-1870.

Chomezynski, P, Sacchi, N., 1987. Single-step method of RNA isolation by acid
guanidinium thiocyanate-phOH-chloroform extraction. Anal. Biochem., 162, 156-159.

Cook, H. W., 1991. Fatty acid desaturation and chain elongation in eucaryotes. In:
Vance, D. E., Vance, J. (Ed.), Biochemistry of lipids, lipoproteins and membranes.
Elsevier Science, Amsterdam, Netherland, pp141-169.

Cornelius, P, Enerback, S., Bjursell, G., Olivecrona, T., Pekala, P., 1988. Regulation of
lipoprotein lipase mRNA content in 3T3-L1 cells by tumor necrosis factor. Biochem. J.,
249, 765-769.

Cossins, A. R., Murray, P. A, Gracey, A. Y., Logue, J., Polley, S., Caddick, M., Brookst, S.,
Postle, T., Maclean, N., 2002. The role of desaturases in cold-induced lipid restricting.
Biochem. Soc. Transact., 30, 1082-1086.

.82-



Dani, C., Doglio, A., Grimaldi, P, Ailhaud, G., 1986. Expression of the
phosphoenolpyruvate carboxykinase gene and its insulin regulation during
differentiation of preadipose cell lines. Biochem. Biophys. Res. Commun., 138,
468-475.

Dani, C., Amri, E. Z., Bertrand, B., Enerback, S., Bjursell, G., Grimaldi, P., Ailhaud, G.,
1990. Expression and regulation of pOb24 and lipoprotein lipase genes during
adipocyte conversion. J. Cell. Biochem., 43, 103-110.

Deslex, S., Negrel, R., Vannier, C., Etienne, J., Ailhaud, G., 1986. Differentiation of
human adipocyte precursors in a chemically defined serum-free medium. Int. J.
Obesity, 10, 19-27.

Ding, S. T.,, Mersmann, H. J., 2001. Fatty acid modulate porcine adipocyte
differentiation and transcripts for transcription factors and adipocyte-characteristic
proteins. J. Nutr. Biochem., 12, 101-108.

Eckel R. H., 1987. Adipose tissue lipoprotein lipase. In: Borensztajn, J. (Ed.),
Lipoprotein lipase. Evener, Chicago, pp79-132.

Escriva, H., Safi, R., Hanni, C., Langlois, M. —C., Saumitou-Laprade, P.,, Stehelin, D.,
Capron, A., Pierce, R., Laudet, V,, 1997. Ligand binding was acquired during
evolution of nuclear receptors. Proc. Natl. Acad. Sci. USA, 94, 6803-6808.

Foufelle, F. Girard, J., Ferre, P., 1996. Regulation of lipogenic enzyme expression by
glucose in liver and adipose tissue: A review of the potential cellular and molecular
mechanisms. Advan. Enzyme regul., 36, 199-226.

Ganga, R., Bell, J. G., Montero, D., Robaina, L., Caballero, M. J., Izquierdo, M. S., 2005.
Effect of dietary lipids on plasma fatty acid profiles and prostaglandin and leptin
production in gilthead seabream (Sparus aurata). Comp. Biochem. Physiol.,, 142B,
410-418.

Gaskins, H. R., Hausman, G. J., Martin, R. J., 1989. Regulation of gene expression
during adipocyte differentiation: a review. J. Anim. Sci., 67, 2263-2272.

Gharbi-Chihi, J., Grimaldi, P, Torresani, J., Ailhaud, G., 1981. Triiodothyronine and
adipose conversion of Ob17 preadipocytes: Binding to high affinity sites and effects on
fatty acid synthesizing and esterifying enzymes. J. Receptor Res., 2, 153-173.

Gregoire, F. M., Smas, C. M., Sul, H. S., 1998. Understanding Adipocyte differentiation.
Physiol. Rev., 78, 783-809.

Guo, Q., Wang, P. -R., Milot, D. P, Ippolito, M. C., Hernandez, M., Burton, C. A., Wright,
S. D, Chao, Y.-S., 2001. Regulation of lipid metabolism and gene expression by
fenofibrate in hamsters. Biophys. Biochim. Acta, 1533, 220-232.

Hausman, G. J., Campion, D. R., Martin, R. J., 1980. Search for the adipocyte precursor

-83-



cell and factors that promote its differentiation. J. Lipid Res., 21, 657-670.

Hausman, G. J., Poulos, S. P, Pringle, T. D., Azain, M. J., 2008. The influence of
thiazolidinediones on adipogenesis in vitro and in vivo:! potential modifiers of
intramuscular adipose tissue deposition in meat animals. J. Anim. Sci., 86, suppl.
236-243.

Henderson, R. J., 1996. Fatty acid metabolism in freshwater fish with particular
reference to polyunsaturated fatty acids. Arch. Anim. Nutr., 49, 5-22.

Hide, W., Chan, L., Li, W. H., 1992. Structure and evolution of the lipase superfamily. J.
Lipid Res., 33, 167-178.

Hirata, K. Dichek, H. L., Cioffi, J. A., Choi, S. Y., Leeper, N. J., Quintana, L., Kronmal,
G. S., Cooper, A. D., Quertermous, T., 1999. Cloning of a unique lipase from
endothelial cells extends the lipase gene family. J. Biol. Chem., 274, 14170-14175.

Horrobin, D. F, 1993. Fatty acid metabolism in health and disease: the role of
A-6-desaturase. Am. J. Clin, Nutr., 57 suppl., 732-737.

Houseknecht, K. L., Cole, B. M., Steele, P. J., 2002. Peroxisome proliferator-activated
receptor gamma (PPARY) and its ligands: A review. Domest. Anim. Endocrinol., 22,
1-23.

Ibabe, A., Grabenbauer, M., Baumgart, E., Fahimi, H. D., Cajaraville, M. P,, 2002.
Expression of peroxisome proliferator-activated receptors in zebrafish (Danio rerio).
Histochem. Cell Biol., 118, 231-239.

Ibabe, A., Herrero, A., Cajaraville, M. P, 2005. Modulation of peroxisome
proliferator-activated receptors (PPARs) by PPARa- and PPARy- specific ligands and
by 178-estradiol in isolated zebrafish hepatocytes. Toxicol. In Vitro, 19, 725-735.

Ingle, D. L., Bauman, D. E., Garrigus, U. S., 1972. Lipogenesis in the ruminant’ in vitro
study of tissue sites, carbon source and reducing equivalent generation for fatty acid
synthesis. J. Nutr., 102, 609-616.

Jdaye, M., Lynch, K. J., Krawiec, J., Marchadier, D., Maugeais, C., Doan, K., South, V.,
Amin, D., Perrone, M., Rader, D. J., 1999. A novel endothelial-derived lipase that
modulates HDL metabolism. Nat. Genet., 21, 424-428.

Jayakumar, A., Tai, M. H,, Huang, W. Y., Al-Feel, W,, Hsu, M., Abu-Elheiga, L., Chirala,
S. S., Wakil, S., 1995. Human fatty acid synthetase: Properties and molecular cloning.
Proc. Natl. Acad. Sci. USA, 92, 8695-8699.

PAfE 2, 1996. WEIRMRRAEL LAV !, KERIEZ 14, 16, pp24-26.

Kaestner, K. H., Ntambi, J. M., Kelly, Jr. T. J., Lane, D., 1989. Differentiation-induced
gene expression in 3T3-L1 preadipocytes. A second differentially expressed gene
encoding stearoyl-CoA desaturase. J. Biol. Chem., 264, 14755-14761.

.84-



Kanazawa, A., Teshima, S., Ono, K., 1979. Relationship between essential fatty acid
requirements of aquatic animals and the capacity for bioconversion of linolenic acid to
highly unsaturated fatty acids. Comp. Biochem. Physiol., 63B, 295-298.

Kawada, T., Aoki, N.,, Kamei, Y., Maeshige, K., Nishiu, S., Sugimoto, E., 1990.
Comparative investigation of vitamins and their analogues on terminal
differentiation, from preadipocytes to adipocytes, of 3T3-L1 cells. Comp. Biochem.
Physiol., 96A: 323-326.

Kawada, T., Kamei, Y., Sugimoto, E., 1996. The possibility of active form of vitamins A
and D as suppressors on adipocyte development via ligand-dependent transcriptional
regulators. Int. J. Obesity, 20, suppl. 3: 52-57.

7T R ERE, 1996, FREFHIRRDZ TAEMH. ELXaF— - AT 1 VY, 83,10, pplll6-1124.

Kennedy, S. R., Leaver, M. J., Campbell, P. J., Zheng, X,, Dick, J. R., Tocher, D. R., 2006.
Influence of dietary oil content and conjugated linoleic acid (CLA) on lipid metabolism
enzyme activities and gene expression in tissues of Atlantic salmon (Salmo salar L).
Lipids, 41, 423-436.

Kersten, S., Wahli, W., 2000. Peroxisome proliferator activated receptor agonists. In:
Jolles, P. (Ed.), New approaches to drug delivery. Birkhauser Verlag, Switzerland,
ppl41-151.

Kleveland, E. J., Ruyter, B., Vegusdal, A., Sundvold, H., Berge, R. K., Gjoen, T., 2006.
Effects of 3-thia fatty acids on expression of some lipid related genes in Atlantic
salmon (Salmo salarL.). Comp. Biochem. Physiol., 145B, 239-248.

Kliewer, S., Xu, H. E.,, Lambert, M. H., Willson, T. M., 2001. Peroxisome
proliferator-activated receptors: from genes to physiology. Recent Prog. Horm. Res.,
56, 239-263.

Kondo, H., Misaki, R., Gelman, L., Watabe, S., 2007. Ligand-dependent transcriptional
activities of four torafugu pufferfish 7akifugu rubripes peroxisome
proliferator-activated receptors. Gen. Comp. Endocrinol., 154, 120-127.

Labarca, C., Paigen, K., 1980 A simple, rapid, and sensitive DNA assay procedure. Anal.
Biochem., 102, 344-352.

Leaver, M. J., Boukouvala, E., Antonopoulou, E., Diez, A., Favre-Krey, L., Ezaz, M. T,
Bautista, J. M., Tocher, D. R., Krey, G., 2005. Three peroxisome proliferator-activated
receptor isotypes from each of two species of marine fish. Endocrinology, 146,
3150-3162.

Leaver, M. J., Tocher, D. R., Obach, A,, Jensen, L., Henderson, R. J., Porter, A. R., Krey,
G. 2006. Effects of dietary conjugated linoleic acid (CLA) on lipid composition,

metabolism and gene expression in Atlantic salmon (Salmo salan tissues. Comp.

.85.



Biochem. Physiol., 1454, 258-267.

Leaver, M. J., Ezaz, M. T., Fontagne, S., Tocher, D. R., Boukouvala, E., Krey, G., 2007.
Multiple peroxisome proliferator-activated receptor B subtypes from Atlantic salmon
(Salmo salar). J. Mol. Endocrinol., 38, 391-400.

Lee, C. H., Olson, P, Evans, R. M., 2003. Minireview: Lipid metabolism, metabolic
diseases, and peroxisome proliferator-activated receptors. Endocrinology, 144,
2201-2207.

Liang, X. F,, Oku, H,, Ogata, H. Y., 2002a. The effects of feeding condition and dietary
lipid level on lipoprotein lipase gene expression in liver and visceral adipose tissue of
red sea bream Pagrus major. Comp. Biochem. Physiol., 1314, 335-342.

Liang, X. F, Ogata, H. Y., Oku, H., 2002b. Effect of dietary fatty acids on lipoprotein
lipase gene expression in the liver and visceral adipose tissue of fed and starved red
sea bream Pagrus major. Comp. Biochem. Physiol., 1324, 913-919.

Lin, H,, Romsos, D. R,, Tack, P. 1., Leveille, G. A., 1977. Influence of diet on in vitro and
in vivo rates of fatty acid synthesis in coho salmon [Oncorhynchus Kisutch
(Walbaum)]. J. Nutr., 107, 1677-1682.

Lindberg, A., Olivecrona, G., 2002. Lipoprotein lipase from rainbow trout differs in
several respects from the enzyme in mammals. Gene, 292, 213-223.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., Randall, R. J., 1951. Protein measurement
with the folin phenol reagent. J. Biol. Chem., 193, 265-275.

Madsen, L. Froyland, L., Grav, H. J., Berge, R. K. 1997. Up-regulated A%desaturase gene
expression by hypolipidemic peroxisome-proliferating fatty acids results in increased
oleic acid content in liver and VLDL: accumulation of a A%-desaturated metabolite of
tetradecylthioacetic acid. J. Lipid Res., 38, 554-563.

Madsen, L., Petersen, R. K., Kristiansen, K., 2005. Regulation of adipocyte
differentiation and function by polyunsaturated fatty acids. Biochim. Biophys. Acta
1740, 266-286.

Maglich, J. M., Caravella, J. A., Lambert, M. H, Willson, T. M., Moore, J. T,
Ramamurthy, L., 2003. The first completed genome sequence from a teleost fish (Fugu
rubripes) adds significant diversity to the nuclear receptor superfamily. Nucleic Acid
Res., 31, 4051-4058.

March, B. E., 1993. Essential fatty acids in fish physiology. Can. J. Physiol. Pharmacol.,
71, 684-689.

McNeel, R. L., Ding, S. T., Smith, E. O., Mersmann, H. J., 2000. Expression of porcine
adipocyte transcripts during differentiation in vitro and in vivo. Comp. Biochem.
Physiol., 126B, 291-302.

.86-



Melton, S. L., Amiri, M., Davis, G. W., Backus, W. R., 1982. Flavor and chemical
characteristics of ground beef from grass-, forage-grain- and grain-finished steers. J.
Anim, Sci., 55, 77-87.

Miyazaki, M., Ntambi, J. M. 2003. Role of stearoyl-coenzyme A desaturase in lipid
metabolism. Prostaglandins Leukot. Essent. Fatty Acids, 68, 113-121.

Montero, D., Grasso, V., Izquierdo, M. S., Ganga, R., Real, F,, Tort, L., Caballero, M. J.,
Acosta, F., 2008. Total substitution of fish oil by vegetable oils in gilthead sea bream
(Sparus aurata) diets: effects on hepatic Mx expression and some immune parameters.
Fish Shellfish Immunol., 24, 147-155.

Morrison, R. F.,, Farmer, S. R., 1999. Insight into the transcriptional control of adipocyte
differentiation. J. Cell. Biochem., Suppl. 32/33, 59-67.

Mourente, G., Bell, J. G., 2006. Partial replacement of dietary fish oil with blends of
vegetable oils (rapeseed, linseed and palm oils) in diets for European sea bass
(Dicentarchus labrax L.) over a long term growth study; effects on muscle and liver
fatty acid composition and effectiveness of a fish oil finishing diet. Comp. Biochem.
Physiol.,, 145B, 389-399.

Muecklier, M., 1994. Facilitative glucose transporters. Eur. J. Biochem., 219, 713-725.

HJISESE, 2002, K5 L WERFAA O SEFHE. 254, 8, pp56-59.

Nilsson-Ehle, P, Garfinkel, A. S., Schotz, M. C., 1980. Lipolytic enzymes and plasma
lipoprotein metabolism. Ann. Rev. Biochem., 49, 667-693.

Ntambi, J. M., Kim, Y. C., 2000. Adipocyte differentiation and gene expression. J. Nutr.,
130, 3122-3126.

Ogata, H. Y., Oku, H. 2000a. Effects of water velocity on growth performance of juvenile
Japanese flounder Paralichthys olivaceus. J. World Aquacul. Soc., 31, 225-231.

Ogata, H. Y., Oku, H. 2000b. The effects of swimming exercise on growth and
whole-body protein and fat contents of fed and unfed fingerling yellowtail. Fish. Sci.,
66, 1100-1105.

Ogata, H. Y., Oku, H., 2001. The effects of dietary retinoic acid on body lipid deposition
in juvenile red sea bream (Pagrus major); a preliminary study. Aquaculture, 193,
271-279.

Ohsaki, H., Sawa, T, Sasazaki, S., Kano, K., Taniguchi, M., Mukai, F,, Mannen, H.,
2007. Stearoyl-CoA desaturase mRNA expression during bovine adipocyte
differentiation in primary culture derived from Japanese Black and Holstein cattle.
Comp. Biochem. Physiol., 148A, 629-634.

Oku, H., Ogata, H. Y., 2000. Body lipid deposition in juveniles of red sea bream Pagrus

major, yellowtail Seriola quinqueradiata, and Japanese flounder Paralichthys

-87-



olivaceus. Fish, Sci., 66, 25-31,

Oku, H., Ogata, H. Y., Liang, X. F, 2002. Organization of the lipoprotein lipase gene of
red sea bream Pagrus major. Comp. Biochem. Physiol., 131B, 775-785.

Oku, H., Koizumi, N., Okumura, T.,, Kobayashi, T., Umino, T.,, 2006a. Molecular
characterization of lipoprotein lipase, hepatic lipase and pancreatic lipase: Effects of
fasting and refeeding on their gene expression in red sea bream Pagrus major. Comp.
Biochem. Physiol., 145B, 168-178.

Oku, H., Tokuda, M., Okumura, T., Umino, T., 2006b. Effects of insulin, triiodothyronine
and fat soluble vitamins on adipocyte differentiation and LPL gene expression in the
stromal-vascular cells of red sea bream, Pagrus major. Comp. Biochem. Physiol,,
144B, 326-333.

Oku, H., Umino, T, 2008. Molecular characterization of peroxisome
proliferator-activated receptors (PPARs) and their gene expression in the
differentiating adipocytes of red sea bream Pagrus magjor. Comp. Biochem. Physiol.,
151B, 268-2717.

Olson, A. L., Pessin, dJ. E., 1996. Structure, function, and regulation of the mammalian
facilitative glucose transporter gene family. Annu. Rev. Nutr., 16, 235-256.

REEF, BEHEM, MBEE, (FERARER, & RIS, S, MEE, MANE, 1991,
I~ A ORLRICE S AEAEEPIE ROk, BKEE, 57, 905-913.

Pasquali, D., Pierantoni, G. M., Fusco, A., Staibano, S., Colantuoni, V., Bellis, A. D.,
Bellastella, A., Sinisi, A. A., 2004. Fenofibrate increases the expression of high
mobility group AT*hook 2 (HMGA2) gene and induces adipocyte differentiation of
orbital fibroblasts from Graves’ ophthalmopathy. J. Mol. Endocrinol., 33, 133-143.

Paulauskis, J. D., Sul, H. S., 1988. Cloning and expression of mouse fatty acid synthase
and other specific mRNAs. Developmental and hormonal regulation in 3T3-L1 cells. J.
Biol. Chem., 263, 7049-7054.

Plagnes-Juan, E., Lansard, M., Seiliez, I., Medale, F., Corraze, G., Kaushik, S., Panserat,
S., Skiba-Cassy, S., 2008. Insulin regulates the expression of several
metabolism-related genes in the liver and primary hepatocytes of rainbow trout
(Oncorhynchus mykiss). J. Exp. Biol,, 211, 2510-2518.

Planas, J. V., Capilla, E., Gutierrez, J., 2000. Molecular identification of a glucose
transporter from fish muscle. FEBS letters, 481, 266-270.

Polley, S. D., Tiku, P. E., Trueman, R. T,, Caddick, M. X., Morozov, I. Y,, Cossins, A. R.,
2003. Differential expression of cold- and diet-specific genes encoding two carp liver
A9-acyl-CoA desaturase isoforms. Am. J. Physiol. Regul. Integr. Comp. Physiol., 284,
41-50.

-88-



Qi, C., Zhu, Y, Reddy, J. K, 2000. Peroxisome proliferator-activated receptors,
coactivators, and downstream targets. Cell Biochem. Biophysics, 32, 187-204.

Raingeard, D., Cancio, 1., Cajaraville, M. P, 2006. Cloning and expression pattern of
peroxisome proliferator-activated receptor a in the thicklip grey mullet Chelon
labrosus. Mar. Environ. Res., 62, 113-117.

Ramsay, T. G., 1996. Fat cells. Endocrinol. Metab. Clin. North Am., 25, 847-870.

Ramsay, T. G., Rosebrough, R. W.,, 2003. Hormonal regulation of postnatal chicken
preadipocyte differentiation in vitro. Comp. Biochem. Physiol., 136B, 245-253.

Robinson-Rechavi, M., Marchand, O., Escriva, H., Bardet, P. L., Zelus, D., Hughes, S.,
Laudet, V., 2001. Euteleost fish genomes are characterized by expansion of gene
families. Genome Res., 11, 781-788.

Rosen, E. D., Walkey, C. J., Puigserver, P, Spiegelman, M., 2007. Transcriptional
regulation of adipogenesis. Genes and Dev., 14, 1293-1307.

Rubin, C. S., Hirsch, A,, Fung, C., Rosen, O. M., 1978. Development of hormone
receptors and hormonal responsiveness in vitro. J. Biol. Chem., 253, 7570-7578.

Ruyter, B., Andersen, O., Dehli, A., Farrants, A. -K. O., Gjoen, T., Thomassen, M. S.,
1997. Peroxisome proliferator activated receptors in Atlantic salmon (Salmo salan:
effects on PPAR transcription and acyl-CoA oxidase activity in hepatocytes by
peroxisome proliferators and fatty acids. Biochim. Biophys. Acta, 1348, 331-338.

Saera-Vila, A., Calduch-Giner, J. A., Gomez-Requeni, P, Medale, F.,, Kaushik, S.,
Perez-Sanchez, J., 2005. Molecular characterization of gilthead sea bream (Sparus
aurata) lipoprotein lipase. Transcriptional regulation by season and nutritional
condition in skeletal muscle and fat storage tissues. Comp. Biochem. Physiol., 142B,
224-232.

Safonova, 1., Darimont, C., Amri, E. Z., Grimaldi, P, Ailhaud, G., Reichert, U., Shroot,
B., 1994. Retinoids are positive effectors of adipose cell differentiation. Mol. Cell.
Endocrinol,, 104, 201-211.

Sato, M., Hiragun, A., 1988. Demonstration of la, 25-dihydroxyvitaminDs receptor-like
molecule in ST 13 and 3T3 L1 preadipocytes and its inhibitory effects on preadipocyte
differentiation. J. Cell. Physiol., 135, 545-550.

Schoonjans, K., Staels, B., Auwerx, J., 1996a. Role of the peroxisome
proliferator-activated receptor (PPAR) in mediating the effects of fibrates and fatty
acids on gene expression. J. Lipid Res., 37, 907-925.

Schoonjans, K., Staels, B., Auwerx, J., 1996b. The peroxisome proliferator activated
receptors (PPARs) and their effects on lipid metabolism and adipocyte differentiation.
Biochim. Biophys. Acta, 1302, 93-109.

.89-



Segner, H., Bohm, R., 1994. Enzymes in lipogenesis. In: Hochachka, P. W. , Mommsen, T.
P. (Ed), Biochemistry and molecular biology of fishes, vol3. Elsevier Science,
Amsterdam, Netherland, pp313-325.

Seiliez, 1., Panserat, S., Corraze, G., Kausik, S., Bergot, P.,, 2003. Cloning and
nutritional regulation of a A6-desaturase-like enzyme in the marine teleost gilthead
seabream (Sparus aurata). Comp. Biochem. Physiol., 135B, 449-460.

Sheridan, M. A, Harmon, J. S., 1994. Adipose tissue. In: Hochachka, P. W.,, Mommsen, T.
P. (Eds.), Biochemistry and molecular biology of fishes, vol3. Elsevier Science,
Amsterdam, Netherland, pp305-311.

Shindo, K., Tsuchiya, T., Matsumoto, J. J., 1986. Histological study on white and dark
muscles of various fishes. Bull. Japan. Soc. Sci. Fish., 52, 1377-1399.

Slieker, L. J., Sloop, K. W., Surface, P. L., 1998. Differentiation method-dependent
expression of leptin in adipocyte cell lines. Biochem. Biophys. Res. Commun., 251,
225-229,

Spiegelman, B. M., Frank, M., Green, H., 1983. Molecular cloning of mRNA from 3T3
adipocytes; Regulation of mRNA content for glycerophosphate dehydrogenase and
other differentiation-dependent proteins during adipocyte development. J. Biol
Chem., 258, 10083-10089.

Suryawan, A., Swanson, L. V,, Hu, C. Y,, 1997. Insulin and hydrocortisone, but not
trilodothyronine, are required for the differentiation of pig preadipocytes in primary
culture. J. Anim, Sci., 75, 105-111.

Suryawan, A., Hu, C. Y., 1997. Effects of retinoic acid on differentiation of cultured pig
preadipocytes. J. Anim. Sci., 75, 112-117.

Symonds, M. E., Mostyn, A., Pearce, S., Budge, H., Stephenson, T., 2003. Endocrine and
nutritional regulation of fetal adipose tissue development. J. Endocrinol, 179,
293-299.

Takeuchi, T., Shiina, Y., Watanabe, T., 1991. Suitable protein and lipid levels in diet for
fingerlings of red sea bream Pagrus major. Nippon Suisan Gakkaishi, 57, 293-299.

Tiku, P. E., Gracey, A. Y, Macartney, A. 1., Beynon, R. J., Cossins, A. R., 1996.
Cold-induced expression of A%desaturase in carp by transcriptional and
posttranscriptional mechanisms. Science, 271, 815-818.

Tocher, D. R., Carr, J., Sargent, J. R. 1989. Polyunsaturated fatty acid metabolism in
fish cells: Differential metabolism of (n-3) and (n-6) series acids by cultured cells
originating from a fleshwater teleost fish and from a marine teleost fish. Comp.
Biochem. Physiol., 94B, 367-374.

Tocher, D. R., Ghioni, C. 1999. Fatty acid metabolism in marine fish: Low activity of

.90-



fatty acyl A5 desaturation in gilthead sea bream (Sparus aurata) cells. Lipids, 34,
433-440.

Todorcevic, M., Vegusdal, A., Gjoen, T., Sundvold, H., Torstensen, B. E., Kjaer, M. A,,
Ruyter, B., 2008. Changes in fatty acids metabolism during differentiation of Atlantic
salmon preadipocytes; Effects of n-3 and n-9 fatty acids. Biophys. Biochim. Acta, 1781,
326-335. |

Tontonoz, P, Hu, E., Spiegelman, B. M., 1994. Stimulation of adipogenesis in fibroblasts
by PPARY?2, a lipid-activated transcription factor. Cell, 79, 1147-1156.

Ullrich, N. F. E., Purnell, J. Q., Brunzell, J. D., 2001. Adipose tissue fatty acid
composition in humans with lipoprotein lipase deficiency. J. Investig. Med., 49,
273-275.

Umino, T., Nakagawa, H., Arai, K., 1996. Development of adipose tissue in the juvenile
red sea bream. Fish. Sci., 62, 520-523.

Vegusdal, A., Sundvold, H., Gjoen, T., Ruyter, B., 2003. An in vitro method for studying
the proliferation and differentiation of atlantic salmon preadipocytes. Lipids, 38,
289-296.

Volpe, J. J., Vagelos, P. R. 1976. Mechanisms and regulation of biosynthesis of saturated
fatty acids. Physiological reviews, 56, 339-417.

Vu, D, Ong, J. M,, Clemens, T. L., Kern, P. A,, 1996. 1,25-dihydroxyvitanmin D3 induces
lipoprotein lipase expression in 3T3-L1 cells in association with adipocyte
differentiation. Endocrinology, 137, 1540-1544.

Wakil, S. J., Stoops, J. K., Joshi, V. C., 1983. Fatty acid synthesis and its regulation.
Ann. Rev. Biochem., 52, 537-579.

Watanabe, T., 1982. Lipid nutrition in fish. Comp. Biochem. Physiol., 73B, 3-15.

Wilson, A. C., Williamson, I. P, 1970. Fatty acid synthetase from the liver of the plaice,
Pleuronectes platessa. Biochem. J., 117, 26-27.

Wong, H., Schotz, M., 2002. The lipase gene family. J. Lipid Res., 43, 993-999.

W EFERTYS, BAEF, 1964, BAOMBLFERNIZ-T, FTEAAARNICET 2IEEOFE
KB, JRHEAMTE, 39, 21-28.

IR FERER, 1981. <A U VHDIEEER L T OFERE. FIEKUFH, 104, 103-109.

Yang, A., Larsen, T. W,, Powell, V. H,, Tume, R. K., 1999. A comparison of fat composition
of Japanese and long-term grain-fed Australian steers. Meat Sci., 51, 1-9.

Yen, C. F, Jiang, Y. N., Shen, T. F,, Wong, I. M., Chen, C. C,, Chen, K. C., Chang, W. C.,
Tsao, Y. K., Ding, S. T., 2005. Cloning and expression of the genes associated with
lipid metabolism in Tsaiya ducks. Polut. Sci., 84, 67-74.

Zechner, R., 1997. The tissue-specific expression of lipoprotein lipase: implications for

.91-



energy and lipoprotein metabolism. Curr. Opin. Lipidol., 8, 77-88.
Zhou, S., Ackman, R. G., Morrison, C., 1996. Adipocytes and lipid distribution in the
muscle tissue of Atlantic salmon (Salmo salar). Can. J. Fish. Aquat. Sci., 53, 326-332.

.92.



