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VNAIER/ € AL [N RN IS 2
B S R IR AR A TR R R v
L5 7 20 M G FE AN S A R v, 23 7 1N 100 pmol/L
IEEHIR(PA) THER(OA) MV B2 (LA) AL JFR 2
(LNA), 434 Ll A5 g i 1 ot 2 Al £ g s 240 it
R A AR

1 MR5ERE

1.1 MR

WEESRAF  UE: BEFRU(BIO-TEK), i@
PCR/X(My-Cycler, BIO-RAK), qPCRA%(CFX Con-
nect, BIO-RAD), il & %8 4173 6 % i i+ (Thermo
Nanodrop 2000), 4x H ZFF it PO A (_E 55
B A BRA ), 30 & O HL(Eppendorf centrifuge
5415R), SW-CJ-2FD AN H i 154k TAE & (IR
FA A BRA A, 98615 B S5 (H 4Nikon).

F ] DMEM/F12, 100x X471 £RE (10000 U/
mL7 R f110000 ug/mLEEE K), 1 mg/mLiE % &K,
Jit 4 I 3% (FBS): 3£ E Gibco A #l; A IfiEHE A
(BSA), II BYJi J5i i, Krebs-Henseleit, — F 3% 31K
(DMSO), £EAHER(PA), JHER(OA), WIHER(LA), o-T.
FRBZ(LNA): 3£ [E Sigma/ 7 ; W Mk 3E ¥ (Indo-
methacin), 8 %E K #2 (Dexamethasone), 3-57 ] J&-1-
FF 35§ HEE W4 (3-Isobutyl- 1 -methylxanthine), JH£LOF
0, TR, Il KIERREMEARGIRAF.

MR SERFTAMP A E i
4T XK 237, PR E 21700900 g EREAK
JR g, W BN I U, IR 1 B Ak R S SR
fi1,

FERFIBES  (OASIERE S 4508 1
18 B 67K 2 B BB 1 73 100 mmol/L I B, T
D20 CHRIFE . Q)T FRELS0 mg 1T B J
filg, IINO.5 g4 IMLid H 8 N 50 mLAS & L& 1
DMEM/F1235 37 b, (3)15 577 O ) Ma[Iuk 36 o
PR — & M5 W55 3 15 T DMSO R 0.2 mmol/
L, 20°CIRA7#& A . HLZEKHAN: FREL— & R HhZE K
FA ¥ T DMSOE LMK E A1 mmol/L, —20°C{R1F#%
o 3-5 T -1-HI R NENS: BRI — g B3-J7 ] k-
1- H & 35 204 7 T DM SO B4 9K £ 40.5 mmol/L,
DR0CRAFEH . (4)F PR RIS F FHE IR
1: 1 15%FBS-DMEM/F 12} 5% 5 it ] 2L W FE
15 pg/mLE 2. 0.2 pmol/LMIMESE . 1 umol/L
Hi ZE KA LA KZ0.5 pmol/L 357 T k- 1- FE L S I 14
7SR R, i S E 3R 32 F15%FBS-DMEM/F125%
F5 BETC ) K FE A 15 ng/mLE S &= 10 SRR 5

SR FRIE3: 15%FBS-DMEM/F1285 553 . (5)i
21.0: FREL0.5 gih £LO¥y R #1100 mL 5 74 i fic
RS /LR, BT 4°ClE KR, FII CARER
LKA b 3 2R 8 5 A TAE A% o

1.2 7%

TiE& BRI MERIMEFR R R BIA R

ToH o 5 B AR i s e T 41 44, T Krebs-
HenseleitZz 1 (1% BSA)H BT #E - Iin AN TE AL R,
28°C/KIE G HA1.5h. B ER L5427, 1000 1/
min & 0»5—10min, 3% _LiE. FHIDMEM/F1222 M
(1% BSA, pH 7.4), Y3 . HfELBRaOMB )G,
TN 15%FBS-DMEM/F 1235 5% %k 5 296 4% i 41 g,
FERE R MR o, B (2—3)%10° 4 /mL, 28°C,
TE5%CO, 464 R R FR7d4N BN T K V0 A F B, 3
i FE R, AT HE S . EESEREY, %k
5 SR IR F74d (BB4R); 2 Ja B T 4597
F2AkH R FR4d (B8R, o Bk E SRR I3 R
FR4d (BB12°R), g R, 7 SIHE A2 K1k
o

BE R B X< 51T S A 40 A 14 5E B9 52 M V1 Ag
U7 4 L (2—3)x 10° A /mLE5 72 1E 96 FLAR 1, ¥ A
100 umol/LKIPA. OA. LA. LNAKG I i i 2 %f
YT B B 1 R . TR A CE B B R R 3 AR s
1%BSACLRIAHAL . X R A SRR oK 24
g 5 R MBSA. fERFFRIIE2. 4. 6. 2
8K, e BISRB J7 V2 Ao Il 40 Ff 364 B 195 400 o LA ¥
N, FH50% (v/v) TCA (=S L) E el . A
0.4% (w/v) SRBUE AT AH A (1 & A T Jeth. 2
JEAMA100 pL {10 mmol/L Tris% fif 40 g o i) 4
Blo BLHU515 nmAk 19 ' B {E (Optical Density).
RN PEAAN T, SAG EE 2 30K JE ik SRBSL I
S T T 44T A 1 86 B 52 ) J , qPC RS i AR A%
T AH LR [ 3R .

BE Bi B %1 61T BE B 48 B 43 1L B9 52 M bRl
7 40 L (2—3) < 10N /mL i R AE48 FLA 1, K557 1A
Ja AT S 100 pmol/LIIPA .
OA. LA. LNATEFI12d (BEOE S 12°K), Bk ik
IR R SRR . /S5 R 4 oLt &
A i B 4 i 53 4 1 L, F Image Pro Plus6.0(IPP
6.0) I = L P fE R A E AT AR . qPCRAG I 431k
T AR A IR AR 2R R Rk KR

HTORE H4%0 R 2 41, 60% 5+
BV IOk B 10min,
FEMLO, 7 FIETRER ARl BT, A
200 pL 4K, B Je B 40 i T S A W 2 e o b
BLIHFFARE
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D9 7R A B Be gt Bk AT E B A, ks
B 20 P B, N 100 % 7 T B2 375 fif Ji 2L O YL e,
500 nm4k FH 100% 57 P 1 1 2 A6 0 R ' P 1B

Real-time qPCR &1EF 7% V41T N5 7 40 A
(5—6)x10° N/ mLE; FRAE6 LR 7, 3371 J HEAT 55
Sk, BRI R EREIEIR . 2RI
JEWSCER 20 AL, {5 FH TrizoliEHE URRNA, Tl 2847
T TR IIRNAZE L 5, fRAFAE-80°C Hhe ]
Prime Script RT Reagent Kit (Takara)if 71 & [ % #4
#|cDNA, AMAT5EZ % UM 4. [ENCBLEE KA
NFE R 74, Fprimer 5.0%1H 519, A M AEH:
R(EE)HRAF ARG 1tk 157
o MR R & U W 3k 1T Real-time qPCR, LA-
actin NN Z .

KA A XA FEQPCREE R H 15 FImRNAAH
Stk E=2" HRAACHE[Cr (H 3 H)-Ct (8-
actin)] .

1.3 BUBG o

SEHG 25 B P HEbR HE 22 (Mean+SD)(n=3 )k
Rono MHSPSS19.0%0 Hod AT B Z 5 2= 70 Mr
(one-way ANOVA)H T4 7 A~ [A) A 17 B2 Ak B2 X6} 441
Mg i 22 5, - BE(ay by o) ANIE i I R AL 2
H 2 (A (71 B 35 1 72 5 (P<0.05) . Student ¢ testHH]
TR I T 0 TR A B 2H 5 0 R A 2 [R) () 22 e, * RO
JEWi R AL EEH 5XF A MR EMEER
(P<0.05).

2 R
2.1 FIEEREREAEAERRRIEE R S IR aY
MESFENE

AL 1, BB 1 I T 0
SE Y, M G0 I, 1550 5 A 4 i
BB, FLAT TR AL I0RE o o R 4 M i
T, BT, 7R P AR, AR 2R
T4 B 1 22 1A). AR AN B 3, T2
RAEAALSE SR, i 45 0 B — 2
(F 1B). HEFETdJ5, JHAID SR, 1410 G
e 5 A A G, e 0 40 ki ([
1C). XM D01, 12405 1 S 453, HE47
TLTOY e, KT P IS AT S BB R
A 0 S 2L TS () 1D).
22 AEIBLRHEX Bk & AL AT K T M0
I

RS20 5 FF SRB S {6 72 Ko 0 1 P 1
B e S AR . 1) 2, 4R
B 2E SR VG 2 PE (100 pmol/L) %S i i 0 4

*1 TaREHMAIRIEES WX EERIEMAY

Tab. 1 Primers used in quantitative PCR

GIEVEZ s 175
Primer Sequence (5—3")
e-fos ACACCACATTCAGCAAGAGGA
GCCACGAGTAGCAGAACCT
c-mye GTATGAGTGGAAGGAGCGTCTA
CGGCGGTAGGTGATGTAGAT
CPT-1a TTTCCAGGCCTCCTTACCCA
TTGTACTGCTCATTGTCCAGCAGA
CPT-1b AAGGGACGTTACTTCAAGGTG
TCCGACTTGTCTGCCAAGAT
FAS TCATCCAGCAGTTCACTGGCATT
TGATTAGGTCCACGGCCACA
ATGL AAAACGTCCTGGTGACCCAGT
TAGGAGGAATGATGCCACAGTACA
HSL AACCTGGATGTCCATTTCTGGAAG
TCGGTTTACCTTGACTTGAGTGGA
MGL ACATCGTCAACGCAGACGGATT
CACAATGTTCCCCAGCTCCAT
CD36 ATCTTCGAACCATCCATGTCAGTG
GATATGTGATGCTGGAGGAAGCAA
PPARy TGGACTACACAAACATGCACAGC
CACGGGACTATCTGAGTACTGTGGA
f-actin CAGGATGCAGAAGGAGATCACA

CGATCCAGACGGAGTATTTACG

KL R A R TR R A AR P RS A
Fig. 1 Morphology of preadipocyte and differentiated adipocytes
A, FFIRNEEE A, B. B IR3d40 0 = IR R C. #5397
T4 ML R ARURS; D. i3 IR 12 ZLO G t 41
A. Adherent cell; B. The cell began changing into unregulation

shape of fusiform at day 3; C. The cells covered the entire bottom
plate at day 7; D. Morphology of adipocytes at day 12 stained with
oil red O

PRI RFERE MR . ARG % U8 2 Ja 40
B b T AR RS E IR, B DATRAT ARG U IR 7 2 Ak
HE8d e 4 IR FE A 0L, &5 SRR I, AN R0 HE R
(OA. LA. LNA)X R 7 240 Mo 1 {72 14 58 4 FH H
3, VAR TR (PA) IR 3G FE e 1 B % . Hop
100 pmol/LLNAXS 5 17 20 i (1) 3% 58 850 5 5 o W

ﬁE.lKO
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2.3 A[EIBEAAER YT S B (AR IESE A AR (X 5 AR X B
ESESvNuEA

W 3FTR, K5 7E8d)a, 41 M BE HE AR G A, c-
mycHlc-fosi) 315 i 25 M 18 5 (P<0.05), BI4H i itT
W FE S WORES, FF B ASAD G 5 B2 a0y BRIV 9 R
R SIY. JRR R % T T 107 200 P 0 02 8 LA FH A TR AR

B A A SR FE K PPARy I CD36 1123 i ; 1 A i

PR & B N FASHIZIE R, LT e 25 B 5 g 1
P AN RS BE 1 T 3K (AR E R R, TR
MR IERATGLI R IE B 3% L FH(P<0.05), FKF,
CPT-1afIRiEWH B K& .
2.4 PBERREGTRERH LRAR ST L HU R0

AL OGL ek I 2 A £ AT A 7 40 B 23 A A L
W 4R, R RER X i 17 40 i 3 A4 A7 75 H 1 4F F,
LR i 7 R (P A) U 1 4 FH B3¢

9 1 it — 3543 1 R 7 R A ] Jg oy 4 B 4344 1)
HU, FRATTR I BAEIPP 6.0 i i 20 B v £ i i 1

R B LA T ERE . W SA. B, A
IR AR DT IR, 240 B m O A T AR B,
Ao WOl BT Ak, K20 Py B

3O BtetEm N hig 2Rk i TRk
27 N
< R ==
il
o LE R E o
2 4 6 8

Fr 55 A] Time (d)

2 JIRIDTER X N i 4 e 164 B PR
Fig. 2 Effects of fatty acids on adipocytes proliferation
* RN A 5 AR B 2 AV A 2 25 1 22 57 (P<0.05); B %4
ZNAAREAF B (a, b, )& 7s A [F IR D7 BR A BIL2H 2 8] 77 72 55
1 2 7:(P<0.05), T
Values in groups with different letters are significantly different,
P<0.05; the same applies below
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Fig. 3 Gene expression in the process of adipocyte proliferation

A SETEMI ORI B. B & AR SRIER]; C. REMRAR B A

Hof B A IR PR VYR VPRI
HElil& Fatty acid

A. Proliferation related genes; B. Adipogenesis related genes; C. Lipolysis related genes
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100 pm

IS Fatty acid

P4 IR O R i 4 231 R 5
Fig. 4 Effects of fatty acids on adipocytes differentiation
A. XHHE; B AFHIER; C. MR, D. WM, E. WARER; F. 4L0%:
A. Control; B. PA; C. OA; D. LA; E. LNA; F. OD value of Oil
Red O elutio

(¥ EL AR AT AR HEAT LB, FRATTR BN I R e HE 4 1)
S 0 I T 28 AR AT AR IS T BRI 5, T
Aoy R R A 355X 4 L 4 s 1% 440 1) 280 R S D X 3 (1
5C. D)o
2.5 BERRERXTRE AR 4RAE 5 L AE X B ERIE RIS/
K FH qPCRAS I 434 o F AR DG R 308 .
Kl 6T, IIAAF AR &, CPT-1a (P<0.05)F1CPT-
1655 BEE AN AR DG HE R ) Rk tH B E A i) 3 IR @
MRFERATGLE 2 T B TR & MO K 2 K

(FASFIRIEMHBL R FT & .
3 g

31 TIE@AEHMmAAIME FIER RS

S 17 200 4 0 3 A 0 SR o R 5% R L
SRETVE, FE TR R A AR 32 i S Al . RA
Tl 17 4 L B R B 3 AR % S AR TR DA L,
BN, N IS 7 40 A 9 A B T
1,500 TR S 4 O 5 A 1Y 7
2 G 40 L S AT T S0min™, 2 £ 5 7 4
PRI AR 1) Th . A S 5 A o gy 4 B o ]

5000 [ A
4000 [ ¥ a
3000 [

2000 [
1000

D8 e i T 0 7R
fgl5l& Fatty acid
150 1

100

Thﬂﬁﬁﬂ

IR AEEIER IR TR IV RRER
g5l Fatty acid

100 [ ¢
80 t

Il

IR AR iR IR SRR
HeHil& Fatty acid

571D

A

KRR ERHEIER TR IV THIER I RRIR
HeHjili&s Fatty acid

P 5 IR U T X R Ul 4 P R i T 1 A 2
Fig. 5 Effects of fatty acids on lipid droplet formation in adi-
pocyte
A B IR AR L e R R T A () B A IR A 40 L U
HEC); C. B2 e 8 ARG T A (wm); D. B i A0 24
HE % B2 (um)
A. Lipid area /per APC (umz); B. Lipid number/per APC (N); C.
Area/per lipid (umz); D. Diameter/per lipid (um)

1.5h. TERGFRFEL DT, 7 20450 B 1 AT G 0 4
JH 355 3% v, 4 5 20% FBSHIDMEM/F 1255 9% JE %t
N W7 A M 2R A7 55 T2 A5, AR SCR 2 15% FBSHY
DMEM/F123% 7% 5, 170 FL 23040 HE 7 40 pf 3% 77 25 K
ZAH 4 10% FBSHIDMEM/F 128595 5. fE40 0
BRI 5T, WAL K 2 R37°C, KIG
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<
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§ a
ygg% 10 | 10} ab .
- [ *
K2 ab b
> 5
E 3 05| 05 |
<
Z o0 L s s s s 0.0 - s s s s
2 0. :

ot HEE s I Qe ML IP PR T R R
JENiEE Fatty acid

ot HE ISP ML R IV R R
JENiTE Fatty acid

K6 JIR7anH i 12 R R ik
Fig. 6 Gene expression in the process of adipocyte differentiation
A JRITRRBEM A I ; B. JEARAI I K C. IR-& Uil %3k K]
A. Fatty acid B-oxidation related genes; B. Lipolysis related genes; C. Adipogenesis related genes

I 177 200 ML 308 s 5 2 13 °C v, T T 4 T 7 400 A
18°C MY, B Iy 4 Sy 28 “C ™ K £ I 07 4 i 1
F28°CP, AT B Rt R i 4R ML 57 T28°C
A AE AT NI EERE it — PR, sl 7
% A £ g 7 4 A A R TR A
3.2 FERRER Xt B3t A B 4H RS TE 43 (L RO B2 MR
TE £ 37 5 3 i 107 20 P A A1 55 R A2 ) B A
b, ARSCERS AN [ i i Rt i i 240 A 184 i A ) 5
M. SRBYL S0 UE L, i W e T LA 3 i 197 40 g
W45, 3 TE AR FH B 5 AR I R 1 AN LR R 5 1 3
I k. Hr, 100 pmol/LATLNA 5 i i 15 2
LA (e B8 B A F B oM BB 3 o A SRR IR R TR S 3%
A, 4 B 38 5E I (Rl c-my e Ml e-fos ) 3R 1K & 78 AR IR
Wil T B2 b vl s
RN, H5EE G T R vT AR 3T3-L1 38 5, K4k s
TR % 3T3-L1 ARG 5E TC 5 2 i g g A
— S VR R PN 1K) 22 AN A O R T LA AR 3 T3 -
LR . 17 o 2041 H0E W R 5 B2 FEP A E

2d P4 35 R S 5 418 b 0 AR D 4 MG T, X 5 A
WF T 25 A — 8. DRI, i 5o 44 i 84 A 1) 52
e ANEL T 107 TR PRI o S 0%, 5 A R PR SR A K,
XN IRAE 2RI E R, AR s Ak
LS AN R .

THASVE = 52, e I B2 X w7 4 i 48 7 o
Hh AR 2 e AL R A b . B T A A Dis-
tel & (IR 72 TT LASIE B, JIg 7R TT LABR S 3 T3-LIAE
W R PRI R 45 A B (FABP) IR IA . X
F 0, B AR I 20 7 398 B 3k AR A S A7 R R 4
TR, 75 M A AT AR A AR B PT RE T BRATT BRI A
45 AR B AESNIEPE NG 7 BR R, IR G BOAH G2k [A]
PPARyFICD36[MZRIEW H L 1 i, B fiAH 3L A
CPT-1MATGLFRIE L], ATGLI) ik & H 2 Kl
BENE EFH(P<0.05), FEALER IS AR T, IR 40
A AR WA B A i s 7 R, T B B AR 3D, B
PR TR A RS e i #8 B S R, A M 33 4T i 3
o [FIET, FRATIHE B B NG I R & R K PPARy 5
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FASTRiE HBUM K%, X6 vl 582 K A 40 g n LA
I AN G D R UL 4EFE B S AR, R AE B A
JAH 2 (A R T 1 52 4 3, (H L i AR AL
Myaa ik — 585t

FE R T2 16 107 1R % g T 240 P 2 A 5 Wil f sz 56 v
MOyt gt FLEL IR, Ji i R T Hi s 40 B 43 4k g 41
MR, LR i i T 1 0 1) 2 T AN R g
FHER . A3 FHIPP 6.0 40 g H A5 % 25 & A0 i AR AT
D=, FRATT A TILAE Fiy BR %S B v g ¥ T2 R 2L A I
H . BARRIUIMN NG R AL 240 i, RS 1 T
PRI/, TR 5% . Manickam25"”' % LEPA ] L)
B 25 BRI T3-L 1R i 40 it m i 37 10 K/ B g I &5
. X HIRAMEE R —2. B, JATVCARE IR
01 I 40 B 404, T A R 3 et 4 ) i R A Ay 4
K, M BHLLE 358 /0N i il e K 7

1M € S PCR &5 S B, 76 40 i 704 ik 72 A s
JE TR, 20 o A pAEL A AH D% 25 PRI ek 7K S BT L i,
MG IERATGLEIE T . 5IRATHIZE B 24,
FlachsZ™* % BIDHAFIEPA ] LU /N B (3 € g 1y
T ZR AR AR R BEAL I BEAT . R
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EFFECTS OF EXOGENOUS FATTY ACID ON THE PROLIFERATION AND
DIFFERENTIATION OF NILE TILAPIA PREADIPOCYTES

WANG Ya-Wen"?, QIAO Fang’, ZHANG Mei-Ling’, JIA Yong-Yi"” and DU Zhen-Yu’
g g g

(1. Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of Fish Health and Nutrition of
Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China; 2. Laboratory of Aquaculture Nutrition
and Environmental Health, School of Life Sciences, East China Normal University, Shanghai 200241, China)

Abstract: To investigate the effects of fatty acids on the proliferation and differentiation of preadipocytes from Nile
tilapia (Oreochromis niloticus), 100 umol/L Palmitic acid (PA), Oleic acid (OA), Linoleic acid (LA) and a-Linole-
nic acid (LNA) were used. SRB (Sulforhodamine B) staining and oil red O staining were used to detect cell prolifera-
tion and preadipocyte differentiation. The expression level of genes related to proliferation and differentiation was de-
tected by Real-time qPCR. The results showed that exogenous fatty acids promoted the preadipocyte proliferation in 8
days, and significantly increased the expression level of proliferation related genes (c-fos and c-myc), lipolysis related
genes (ATGL) and adipogenesis related genes (PPAR, CD36 and FAS) (P<0.05). In addition, fatty acid inhibited
preadipocyte differentiation into adipocyte by decreasing lipid droplets area and increasing the lipid droplets number.
During differentiation, expression level of B-oxidation related gene (CPT-1a) significantly increased (P<0.05), while
the expression level of lipolysis related genes (A7G) and adipogenesis related genes (PPARy and FAS) declined. Our
results showed that exogenous fatty acid promoted the proliferation and inhibited preadipocyte differentiation. In the
process of proliferation, excess fatty acids stored in the preadipocyte that could be metabolized by lipolysis and p-oxida-
tion during adipogenesis to help cells adapt to high concentrations of fatty acids in the environment. While during the
differentiation, the exogenous fatty acids can inhibit adipogenesis and lipolysis of adipocyte and promote -oxidation to
reduce adipocyte differentiation.
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