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W OE: & IRk XBE %4k (Estrogen-related receptor o, ERRa) ZAIEHAREE B9 R4t FAEE T, €205
W £ Ak 0 X AE AR A . A AT ERRo ARG By 4 il = B8 o MR 69 v AL o T ALH], 540 698 BB 5 4m it £ PKA (Protein
kinase A) 3/#= ERK (Extracellular signal-related kinase) #7#| 7| FA4L 22 A= R AL 2249 1 JLF , B A Ad-ERRa4Z % 3 XCT790
4L FE 48 h. BTG W be A P = B R AedE ARk T 69 H i AR AR F AT B8 B fe AR 64 IS fiF S 1%;  Western blotting 7
4 PPARy (Peroxisome proliferator-activated receptor y, PPARy). perilipin A. p-perilipin A. HSL (Hormone sensitive
lipase, HSL) #= ATGL (Adipose triglyceride lipase, ATGL) & #& & ik. # R 27, ERRa 2 FHAL3 58 M 4 i b B
W ZEEAR R, FIRAREET Hh Z 5K A AR B LB PKA A= ERK @834 5F 1 %70 ERRa *f 5 B 40 ie b Bk 69 12
#4E A ; ERRo 23 Ei8 HSL. ATGL. PPARy A perilipin A & @ & i&, 12 p-perilipin A K-F AL A T4, HfndE
A3k ERRa 7T #6328 HSL A= ATGL & @ & i& Ll SRt Hih Z B KA, A 4 g s tm e o AR BE 2. % o4 % 8 g Iy B
(Free fat acid, FFA) 4k 4 b = B5 4% B 45 04 k4 .
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Role of estrogen-related receptor a in adipocyes lipolysis
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Abstract: Estrogen-related receptor o (ERRa) is a key regulator for energy metabolism and adipogenesis. However, its role in
lipolysis is unknown. To study the function of ERRa in lipolysis, primary cultured differentiated porcine adipocytes were treated
by a specific inverse agonist XCT790 or infected with adenoviral vector expressed ERRa for 48 h, in the absence and/or presence
of specific protein kinase A (PKA) inhibitor or extracellular signal-related kinase (ERK) inhibitor. Then, we measured the
triglyceride (TG) content and the glycerol release into the culture media to analysis the effect of ERRa on lipolysis; Further, we
analyzed the expression of PPARY, perilipin A, p-perilipin A, HSL and ATGL with Western blotting. Here, we found that ERRa
significantly increased adipocytes differentiation, TG accumulation and glycerol release. Separately or simultaneously block the
PKA and ERK pathway do not significantly altered the effect of ERRa on glycerol release. ERRa significantly up-regulated the
proteins expression of PPARYy, perilipin A, HSL and ATGL, while the p-perilipin A protein level was not significantly changed.
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These findings imply that ERRa could increase lipolysis via up-regulating HSL and ATGL, thereby to supply more FFA as

substrate for a larger turnover of cellular triglyceride pool during adipocytes differentiation.

Keywords: pig, estrogen-related receptor a (ERRa), lipolysis, adipocytes

M 4 R Z 1K L BK Z /K o (Estrogen-related
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AW A HEEN ERRa FER IR TE X ERRa
FE SRR R XCT7901 b BRIFUA K 37 6 23 AL 1Y H
REWT 40, R ERRa X155 7 4 MR i i 4 A
HorFoull, Rie—P0t5E ERRa %G D540 i AR 1R
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Taq B AR I YE NI Pme 1 | Pac1 . Xba 1 |
Hind 111, CIAP (Alkaline Phosphatase, CIAP) 3l

F NEB A A, Bia B EE I DNA [IGR ) & ultra-Pfu
R B Tag WA T Bioflux 23 #), Tl Tug DNA %
A WA T Fermentas /A w, Jkr K H & 04T
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Lipofectamine™ 2000 ) H Invitrogen /A%, ERRa
S PERI G XCT790 T Sigma 23 H], PKA i #§
P H89. ERK i P4 15 PD98059. ERRa —
T (Anti-goat) ., perilipin A —#T (Anti-goat), B-actin
—34%T (Anti-mouse), PPARy —%#T (Anti-goat) T
Santa Cruz /\ 7}, BRIk PKA JIEY)—¥%T (Anti-rabbit,
TR p-perilipin A) HSL —¥#i (Aiti-rabbit) #l
ATGL —#T (Anti-rabbit) T CST A wl, HMAH
THT TR ARG I 350 6 ) b 3 R S 3 PR R A R 2
A, AR X oA [ sl A p Al
1.3 ERRo BRFHFBREFAMHE. REER
Ei#ENE
1.3.1  HHELT 74504 ERRa H A 4 K 5t bl 13 HE
(Open reading frame, ORF) JFFIH15

$% ERRo J:H 4> K ORF J¥51) Hh AR 5256 % va e 4k
2100 AE s Yy 3eal Fi T BT Hind TEGYI0 A,
MW Xba 1 9519 (R 1), W E#EATAEYT
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4K ORF JPH MR, # M ultra-Pfu Sk E Tag
fig i W] H 34T PCR ¥4, PCR XM BRF T -
95 ‘C 6min; 94 C 455,72 C 455,72 C 105s,
30 MEFR; 72 C 10 min; 4 “C 30 min,

%= 1 Touch down PCR 3|4
Table 1 PCR primer

Primer name

Primer sequence (5'-3")
CCCAAGCTTATGTCCAGCCAGGTGGT
TGCTCTAGATCAGTCCATCATGGCCTCGAGC

Forward

Reverse
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I . 345 pAdTrack-ERRa )5k DNA £85 Pme |
LNEALF CIAP LR fl, #fLT % A pAdEasy-1 Y
JAZ A BIS183 W & A [RIREE A . S ki 4t Pac 1
g I AT PCR %5 f5, #% 1E 8 (1% 5 41 Bk a4 A
Ad-ERRa., JFki4k DHS5a B2 SHEY KR, &
23 NHEFR I OB R B 12 70) & 4 M 2 Bk 25 H
1.3.3 i td R R I

¥ Ad-ERRa JEHRI 46 % DHSo JRZ AW T K
BigE, KWEER R RIS AR UTOR S, Pac |
I tE1L Ad-ERRa - FH & T 3E WAL TR
Lipofectamin™ 2000 #5472 E{LA) Ad-ERRa Y
HEK293 4iffufrfusde, AU 3L A GFP
(Green fluorescent protein, GFP) )3k & 4 i 9%
AN (Cytopathic effect, CPE) 1, 3+ TG
85 REETRWARRICEE FIEE R R . B
Jei R 9 75 RO 2 8% e HEK 293 41t , 9 38 7% .
MY M E 10 4> T25-Flask B, TR EEZYL 24 h NI
EAAIFETE 2 mL PBS H, WA 37 CKRIBRE
R 5 WS, 12 000 r/min 5.0 10 min P8R
HIFT-80 CHAAFRFHI,

S 1T H 5 R 0 2 B 2H 2 TR R R A
(Tissue-culture infectious dose 50, TCIDs,) 5l E
HHRI 7 Ad-ERRa 3% I FR PE Karbers AU
T EET B o IR E T=10x10""" 79 TCIDso/mL, H
d=Ig M BERE=1 (3T 10 {5 BEEE M )5 s=FHPELL
RZHONE—A 10 5 LB EERR) . IFRAELIT
NE, WA PFU/ML, . T=1x10* TCIDso/mL=
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1x10*%7 PFU/mL,
14 FEREEHREBRIBERARFSSL

TCW A B REEATHE TS H 5 T AR Wi 414,
FH T 700 Ji5g o il 9 b 12 4 0 0 T A G A A @Y, A
5x10* 4ifd/em’® (9% BE R T EAR 60 mm A% 57
L, hmdE i 10% 864 103 ) DMEM/F12 35 5%
W, BT 37 C. WHIRE. 5% CO, MM
Fro HFYRICMES 0 X, DIUSAE 48 h Bk 1 IkEx
FEUW, ANMEEL AR E 95% A i N ki S 8
Ik (B R 5 pg/mL) FHEMANENI 400501k, B
2 80% Lk I W RIS 5 40 i 72 R oAk 58 il 2L A B
KRR HE TR, FH TS5 ERRa ZEAR 4l
JeL R At R R
1.5 HBEENE

PR bR 000 3700 465 00 B Ay 4 5 5 0 v )
MR BEVE D IR iR A bR, B4R e ™ A 4 BROR &
Ui BT o W45 R 2 45 A R Ik B AR AL
P23 Xof B 2H H IR T I A B R R
1.6 Western blotting &) ERRa. HSL. ATGL.
PPARy. perilipin A A p-perilipin A EE FRi1&

O MR PR R ATm EC# T
HEUO, RBIR SR, Bk R, R
P g R, P B e AR R 4 28 ik
JEP B —2, 100 CH#/KPAE 5 min 5, 70 CIRAFS

EERYK: BUEARES 50 pg BAE, LI 80 VHL
JEAE 12% SDS-PAGE 1132 2 h 5, ¥4 % % PVDF
i I

B RPEEN I SR RIS 5% BSA =i
M 2 h, —¥H(ERRa, HSL. ATGL. PPARYy,
perilipin A FI#ERE 1L PKA JEW M 1:300)E R E
2h, ZH CEZH R 113000, B oHif% —Hiy
911 4000) FiRMFE 2 h, ECL % ¢3F#] H Bio-Rad
ANE AL 26 ChemiDocXRS+HG R [ 515748
1k, BE%)E , FlH Quantity one B3B8 4% 45
5 B-actin A MOCE M ILE, HI&ERARAIEUH
M EE A OGE S B-actin A Y LLIEFR/R . 403
2 A% 2R AR X 2 38 o DA BRI A5 5 s

© FERZFRMEDFFFTHATIESMIESS http://journals. im. ac. cn



BRI 25 WEVHCR 52 R SCIBESZ 1A o 981735 0 40 T et =1 oo i

21

1.7 HH=EESENERMLI O FE
R R A, U B . S IR =R
RG0S, 0 A s 4 L =
I B v B X HL o B A TR EAL . L O i tr
2 IR0 % B i A O Rk U A TR A
1.8 HFitaih
IR LS B AR DR (X £5) Fon, RH]
SPSS11.5 il s M4k A4 P Y One-way ANOVA #£47
T 255 WA B B AR BG, FH LSD A 56 A [ Ak 2 ] 1)
25,

2 #R

2.1 ¥ pAdTrack-CMV-ERRa F 881K K% E4HAR
{2 Ad-ERRa U & E

¥ i (9 pAdTrack-CMV-ERRa 5 #2 #1447
Hind IIIF Xba 1 XEEY), 153 K/NR 1269 bp Fl
9220bp 2 MHBE (K 1A), Ui FHREMEE ST,
pAdTrack-CMV-ERRa ZM T %5 5E I, Pme 1 iV 2E
AL 5 5 20384k pAdEasy-1 #EF7E 4], HALAY R
WRERIARZL Pac 1 BEVIJG, 0.8 % BNWHEE I i vk 4N
W1 ARABL (230 kb) Je 15/ EE (2930
o 4.5 kb), JUIRTH S P R . ARG rp E A
JG AR Ad-ERRa 2 Pac 1 BV G fL 3k, ] L5
1 4K DNA H B (2 30 kb) 1 1 4% /Mi DNA
FrBL (4.5 kb) (K 1B), EKWIJEFHTEERE.

A B

bp M bp M
23310
23310
2000
1260bp 4361 4500 bp
1 000

1 pAdTrack-ERRa %1 pAd-ERRa B TE

Fig. 1 Identification of recombinant pAdTrack-ERRa and
recombinant Ad-ERRa. (A) pAdTrack-ERRa was identified by
restriction enzyme digestion (Xba 1 and Hind III). (B) pAd-
ERRa was identified by restriction enzyme Pac 1 digestion. M:
DNA marker.

22 EHEBRFHSHEREEENE

2 Pac 1 W12 1LY Ad-ERRa Y HEK293
Yl . Ad-ERRo %5 Y:f) HEK293 4iJfd 24 h J5 GFP
THRERE (K 2A). $% 445 48 h GFP ByRiA 2RI T
B, PR RERIN (B 2B). FYE 72 hE,
AR . AR G, [FIRE, REERIEE IR L
o (8 B T 4R DR S R R AR (181 2€), Bl B
[T, AT S B2, %G
96 h, 95% VI R4l E T CPE 481k, W4ER &
IR e IF A Y 1S5 (K 2D), JH TCIDs Bl &
TR, WSS T 9x10° PFU/mL,
2.3 JEBERA4ABE S ERRo & B RIEHIAIE

JBFFE ERRo X I 15 48 i ik S oAy s,
AR ] Ad-ERRa Ko RS S AR50 XCT790 94719
HIE A #5H  Ad-ERRa (MOI=20) 1% &% 10 pmol/L
XCT790 Vb B AL I HG I 48 h I , WA 40 i 5 2 A
#1T Western blotting il . 45 R WoR , 5 XA L,
Ad-ERRa 3% FH T ERRa M 1.7 %, 1M XCT790
T ERRa & 0.5 £ (Bl 3). %W Ad-ERRa
(MOI=20) K 10 pumol/L XCT790 AE & 7E g iy 41 ity
RO E ERRo 5 HE K

2 EHRFESH Ad-ERRa BB EMY E

Fig. 2 Ad-ERRa virus production and harvest. HEK293 cells
were transfected with Ad-ERRa. GFP expression was recorded
at 24 h (A), 48 h (B) and 72 h (C) post transfection. (D)
Ad-ERRa virus infect HEK293 cells.
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Fig. 3 Regulations of ERRa protein expression in differentiated
porcine adipocytes by Ad-ERRa virus and XCT790.
Differentiated porcine adipocytes were infected with Ad-ERRa
(or Ad-GFP) or treated with XCT790 (or DMSO) for 48 h.
Whole cell protein were extracted and subjected to Western
blotting with ERRa and f-actin antibodies. The relative
expression level of ERRa protein among different treatment

DMSO  Ad-GFP Ad-ERRa

was analyzed. Different letters show significant differences
(P<0.05).

2.4 ERRo RF#BEIMAMEH=BEFRERHH

SRS G T A0 FR T ERRo R KRR, i
— 25 AT T T A 7 A T = R R SRR =
IR SIRATZ AIL5 A —2, Ad-ERRa b3
ZH A0 B = R o HOG R Y 1.5 £%, 1 XCT790
A 3R 0 I =R S RO O IR 40% (]
4A), HE—H B T & B, Ad-ERRa A4
21 gy R A HE X IR A 1.2 A% 1T XCT790 Ak
A H IR X R ZH ) 809% (I 4B). LU L
ZEREW], 4 ERRo FEE T 5 5 40 b i = e
FUE, AL [RIEE 3G 0 T g s 20 e g 17 7K
2.5 PKA @K ERK B A2 5i8{Z ERRa {2
i# B9 B R 4R B H SRR A

i I 240 3l = K A AN AN 32 B e il LA B i fi
FHASEE 1 perilipin A PYUETE, N fi il it & ¥4 95
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=
0
=

TG concentration (pmol/L)

XCT790

DMSO Ad-GFP  Ad-ERRa

Glycerol release (umol/L)

XCT790

E 4 ERRoIEZES 1L H9BERA 40 AR B il = BE AR R R KR
Fig. 4 ERRa Regulate TG accumulation and lipolysis in
differentiated porcine adipocytes by Ad-ERRa virus and
XCT790. Differentiated porcine adipocytes were treated as
described in Fig.3. The culture medium was collected for

DMSO Ad-GFP Ad-ERRa

glycerol release determination. Cells were collected for TG
concentration measurement. Different letters show significant
differences (P<0.05).

SR . Hor, PRAME %A1 ERK N %2 H Ai
WF5E Ik 1 A B W AR IR el . FRATT B2 FoR AT T
X253 [ 7E ERRo fE 3 B B i v A T 245 51
7N, TG [ S BEL T P 2% 3 5 B 7 HL A R — Ak
BT, YIARERM ERRa 75 SA0H i = EE Kk (&
5). HULFERW PKA @K M ERK #gAS 5
ERRa i 1 1) i 7 4 B H- e Rk
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5 05t
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PD98059  +  + - - T
HS89 - - +
Ad-ERRa. -+ -+ -

5 H89 & PD98059 08 ERRa X1 A5 i Y {2 #E
Fig. 5 H89 and PD98059 do not change the ERRa stimulated
lipolysis. Differentiated porcine adipocytes were pretreated with
H89 and PD98059 separately or simultaneously for 48 h. Then
were cultured for another 48 h at the present or absent of
Ad-ERRa. Cell culture medium was collected for glycerol
determination. *P<0.05 compared with the group without
Ad-ERRa infection.
2.6 ERRa i§#Z HSL. ATGL. PPARy & perilipin
A BERFRIL

H1T PKA & ERK i 3 A2 511 ERRa 4>
SEHINR IR AR, DS MO N e e, U 0 i Tl RS TR
R H R RIR AT TR . 45 R W78, Ad-ERRa
B3 LT kbR 8 A PPARY Fl perilipin A )3
ik (Kl 6). W ERRa REEAEH AR AN 531k . [
W, BEf#AEG HSL Al ATGL ik 1id, i
p-perilipin A KikaIFR KAV R ZL (B 6), F
B, iRk ERRa FrBONNRMIE N, AR 0] AEZ M
I ] 4 i A I ) 2 2K T S B

3 ik
ERRo LU AE B2 o 1 R T
1R A B REALSUT . ERRo RS i RS R U

AR R AL AR IR TR Y-SRtk
SRR B R 172, T HCAE i 7 2H 2 i 4

“ﬁ perilipin A m 1...;:.
S e p-perilipin A S —
—Hlll s Emss
s B ATGL - -

s s [(-actin ———

Ad-GFP Ad-ERR DMSO XCT790

g - [ Ad-GFP a
[0 Ad-ERRa _%

DMSO

B XCT790

ODprolcin"rODB-m:lin (Arhitrory)
N
T

bF, bl b b [b

2 0 1l

PPARy p-perilipin A perilipin A ATGL HSL

Bl 6 ERRa T HSL. ATGL. PPARy X perilipin A &

B&Ri&

Fig. 6 ERRa regulates the protein expression of HSL, ATGL,
PPARy and perilipin A. Differentiated porcine adipocytes were
treated as described in Fig. 3. Whole cell protein were extracted
and subjected to western blotting with HSL, ATGL, PPARy,
perilipin A, p-perilipin A and B-actin antibodies. The relative
expression level of ERRa protein among different treatment was

analyzed. Different letters show significant differences

(P<0.05).

— HB T2, HE] ERRo F:IR f B R
AU AATA GRS ERRa 7R A8 B E e BA 8
YER, MNIHLIF 7 58 AR N 105 2 2 b A= BRAE T Y
FPHe. REBHREZL K mERR BG4l i 51k
TN, I B H = ER R R AR, |
FLAE NG e v 0 1 B ML o NV A o 7 B A
75 B 2 R AR SRR A 3R] XCT790 S 8%
ERRa 25 1A PP A 1, FRATERTT T HAE NS
07 248 e = P K A B A L

5 RATSCHT ML R SR R, Rk
ERRo fEHE A HE T i 17 40 A v ik — g i AR 3R o T 7
iR L L O[3l [ = S e ek Rk o (B D)
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¥ % F ¥ PPARy K355 3] T ERRa MR, &
FHBILR K 55 B8 s 200 B 70 A 1) G 3= 6 A R ok — 2D
58 R 200 MLm= R 0 7 e R G BURN 43 Bl
BVETIGERE, 4 H I = e A i B K T R A s
2 H i = ER R R T A R U 20 B B H
=PRI R, BefR AR REAEE 2 RO,
—, PRAEAEDES, fedF b =mmE, =,
Rl =R 5 U R R = 1Y FFA, R4 bR
i 3o B R R Y FRA LIS, bl i i A B A
B H I =R AR, I AR T A kA
Ad-ERRa i 3 (1) i 17 20 B 434k i it ANV 4

M2 CHkF I, ERRo 7416 14 g 17 440 i AR T
A0 H I = e KA Y . Luo %A1 Kutoh %1
& B, ERRo HEWE 45 & 7£ ps-AR (Bs-adrenergic
receptor, Bs-AR) H:PHJA 37 X4k, T ERRa J A
B B5-AR FEH 3k FTF 1.7 4%, K578 ERRa R Al fig
R I Bs-AR PR FRIB NG PKA 3 8% (14 A i 1
. Perilipin A (Perilipin ZZ % 1Y 32 % 5 5OVE R BT
JE R B 1T, R 2 A M A B P AR T
XFRE Wi i B OCHE AR AR ] . 858 &3, ERRa
REAS 55 SEITG perilipin A ()3 Zh I ENY), R
ERRo R AT E i i 915 perilipin A A4 35 24 52 Wi g 15
A = EE K . £56 I8 RIS ERRa R T
Jig 05 A A H IR = ER AR R, N ERRa AR AT BETE
JIgE I 240 B o) I K AR SR, RATEE R
ik ERRa J5 %2 SRR D5 206 0% H I R e et 2 Bl 2 14 m
Mo AT R RIS, ATE /0T T AR 4
Hl S Sl B, B PKA F1 ERK i S 7F IH i 72
HVE T o F T X PR 2R3 I B 8% 2 N7 sl D [ 52 el i
i 200 DR g A 43 00 D B L OB 3k R 4% O, R T
ERRa WAL . 453 on , X AHEEIIAS S
JH¥% ERRa - SIINRMEAERT; 42Tk, #E—2 0
T perilipin A RELBI, Z5HRER, Ad-ERRa i
= M perilipin A (L, M HBERR LK TIFAR K
AAE, W perilipin A JFRS SR EE TS R E
fife it 5 deJm, WA R Y 2 R B A T AR & B
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HSL #il ATGL MR iE w28 ¥ i, £Y ERRa
A1 R A R 30 3k 1 9 o v P R S Y o B
JE7R, PPARy BERS LM% HSLPFN ATGL &
HE A, AWF5E T, Ad-ERRa 3% I PPARY.
HSL Fl ATGL #1335, HILHEWT, PPARy Fik/K
i T B S8 T HSL Hl ATGL 25 [ 10 22 ik K7
Tt

Zi BTk, AW E IR T ERRa XA 740
R Ih =R K B sE I, W02E R T ERRo AR H
=R K AR 4 FHLEE . ARBIGEKE A SO T sh )
TRBRUCRR . B iA AR AR AR 5G9 978 B L 114 okt
MBIES %,

REFERENCES

[1] Giguere V, Yang N, Segui P, et al. Identification of a new
class of steroid hormone receptors. Nature, 1988,
331(6151): 91-94.

[2] Sladek R, Bader JA, Giguére V. The orphan nuclear
receptor estrogen-related receptor alpha is a transcriptional
regulator of the human medium-chain acyl coenzyme A
dehydrogenase gene. Mol Cell Biol, 1997, 17(9):
5400-5409.

[3] Sarah H, Peter T. Adopting new orphans into the family of
metabolic regulators. Mol Endocrinol, 2008, 22(8):
1743-1753.

[4] Nobubhiro I, Kazuhiro I, Kuniko HI, et al. Estrogen-related
receptor o modulates the expression of adipogenesis-
related genes during adipocyte differentiation. Biochem
Biophys Res Commun, 2007, 358(3): 813—-818.

[5] Nie Y, Wong C. Suppressing the activity of ERRa in
3T3-L1 adipocytes reduces mitochondrial biogenesis but
enhances glycolysis and basal glucose uptake. J Cell Mol
Med, 2009, 13(9B): 3051-3060.

[6] Ju DP, He JJ, Zheng XL, et al. Cloning, expression of the
porcine Estrogen-related receptor a gene and its effect on
lipid accumulation in mature adipocytes. Chin J Biotech,
2009, 25(11): 1627-1632.
BRORMS, ol dhdh, FBEH, S5, FEMERCER 2 AR 32 1A
o FEFIY e R . 23K Ko HOO AR 7 4 A 5 2R 4R 1452 ).
AW T AR, 2009, 25(11): 1627-1632.

[7] Yang GS, Zhang HW, Bai L, et al. Pig—a ideal study

© PERFERMEDA AT SHESE http://journals. im. ac. cn



BRI 25 WEVHCR 52 R SCIBESZ 1A o 981735 0 40 T et =1 oo i

25

(8]

(9]

[10]

(1]

[12]

[13]

[14]

animal model of obesity and diabeties. Prog Nat Sci, 2008,
18(5): 481-487.

B, SRS T, A5G, S 05 I RUR PR Y
A, BB, 2008, 18(5): 481-487.
Olivia L, Stephanie B, Nathalie K, et al. Potentiation of
ICI182, 780 (Fulvestrant)-induced estrogen receptor-o
degradation by the estrogen receptor-related receptor-o
inverse agonist XCT790. J Biol Chem, 2007, 282(39):
28328-28334.

Lin YQ, Zhuang HL, Yang GS. Effects of RXRa gene
silencing on the porcine adipocyte differentiation in vitro.
Comp Biochem Phys D, 2007, 2(3): 207-214.

Sambrook J, Russell DW. Molecular Cloning. 3rd ed.
Beijing: Science Press, 2002.

BRI A 4 52 ), LFE/R DW. 43 F IS g m. 3 M. db
AU BRI, 2002

Bai L, Pang WJ, Yang YJ, et al. Effects of nicotinamide on
proliferation and differentiation in primarily cultured
porcine preadipocytes. Acta Zool Sin, 2007, 53(6):
1063—-1068.

Flse, DA, H#E, 5. Mt 7e R 5= s
PRNR 17 20 a3 B A AL B PR . Sh#2A4i, 2007, 53(6):
1063—-1068.

Holm C, Osterlund T, Laurell H, et al. Molecular
mechanisms regulating hormone-sensive lipase as and
lipolysis. Annu Rev Nutr, 2000, 20: 365-393.

Johanna ML, Magnus F, Stefan R, et al. ps;-and
aj-Adrenergic ERK1/2 activation is Src- but not Gi-
mediated in Brown Adipocytes. J Biol Chem, 2000,
275(30): 22670-22677.

Luo JM, Robert S, Giguere V, et al. Reduced fat mass in

mice lacking orphan nuclear receptor estrogen-related

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

receptor a. Mol Cell Biol, 2003, 23(22): 7947-7956.

Yi G, Kimberly RC, Robert VF, et al. Lipid droplets at a
glance. J Cell Sci, 2008, 122(6): 749-752.

Kutoh E, Ongenae N, Claeskens A, et al. A putative white
adipose tissue specific nuclear orphan receptor that
interacts with the cAMP-response element of the human
Bs-adrenergic receptor gene. Mol Cell Endocrinol, 2000,
165: 85-95.

Zhang HH, Souza SC, Muliro KV, et al. Lipase-selective
functional domains of perilipin A differentially regulate
constitutive and protein kinase A-stimulated lipolysis. J
Biol Chem, 2003, 278: 51535-51542.

Miyoshi H, Souza SC, Zhang HH, et al. Perilipin promotes
hormone-sensitive lipase-mediated adipocyte lipolysis via
phosphorylation-dependent and -independent mechanisms.
J Biol Chem, 2006, 281(23): 15837-15844.

Akter, MH, Yamaguchi T, Hirose F, et al. Perilipin, a
critical regulator of fat storage and breakdown, is a target
gene of estrogen receptor-related receptor alpha. Biochem
Biophys Res Commun, 2008, 368(3): 563—568.

Katrin F, Aleksandra H, Eric M. Cooperative activation of
lipolysis by Protein Kinase A and Protein Kinase C
pathways in 3T3-L1 Adipocytes. Endocrinology, 2004,
145(11): 4940-4947.

Tuo D, Song S, Li P, et al. Peroxisome proliferator
activated receptor y transcriptionally up-regulates hormone
sensitive involvement
protein-1. Endocrinology, 2006, 147(2): 875—884.

Erin EK, Michael S, Guan HP, et al. PPARy regulates

lipase via the of specificity

adipose triglyceride lipase in adipocytes in vitro and in
vivo. Am J Physiol Endocrinol Metab, 2007, 293:
E1736-E1745.

© ER SR TR T R A R Chee ) T

http://journals. im. ac. cn





