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PPARS B F o bE R imTEn

Tmi% - FAK X ZFHE FZh
(RN K AL B AU %, 1 250014)

E BRI I 32 4K (peroxisome proliferator-activated receptors, PPARS) av 8+ «y 2B A IRK 1, TATEAL
PRI B e DR, 7 MG ARt R ke % T (4 . PPARS 761 LA 1 235 23 3 B2 Lk PPAR«c M PPARYy 5 10 5 11
5017, B AOVE ALRE- B0 I ULAR B b A e URSAR DG I R R RS TH . W EST PPARS 7R B ML I RIA T, sel% T PPARS
KPR 5" FEIX 2 kb 1) DNA Jv B, RSP SIZEGUE BT BOT LLRR ) GFP 34, 4R 5 1805 A [R] (1 B il Bl v A0 3R 4548 R B 1

2 kb A B FE R s N RN S A sEEAT A0 M, RIAT 4 /N IVLAH R B 5 A 2 (myocyte enhancer factor 2, MEF2)# 1 (1

g G, fE MEF2A RGeS 86, RILBES MEF2A WRJETH S, 2 kb (17 PPARS Ji 8)) 1L sib k3, SR B MEF2A #ffi 5K
fede i PPARS AN FIETE. ik 45 B AT PPARS 0L A P A6 12 4 45 1 D BEFRAL T 442,

x##i" PPARS, MEFRA, ‘HH#L
FRNES Q507

o A W AR TS A T %2 AR (peroxisome
proliferator-activated receptors, PPARSs) /& #% 52 /4 H
FIEML DY, AR ECAAR TR Y B R R . /N A AE
3 2% PPARs, PPARa. PPARS ( X HY{ PPARP) fll
PPARy. X 2837 {k 5 M 3 2 X 32 4K (retinoid X
receptor, RXR)ZE & TE i — ARG, 1Hir2
LI RARHAA G L R R I8, PPARa Al PPARY HF5T
FFLLATE 4R, {2 PPARS ThAEMIARSEATE . HATK
L, PPARS W e Z 5B M HL. NRACH FIZE B pl
Ol 23 R I PPARS 5 45 W9 TE A7 5%, A1 K I IE
PR, 4 an b PPARS (AT, HEM
ZEE K W] RE 2 5 45 A0 L ) 2346 1 1554 PPARS
R RO AR R B 2RI, efeid i AMASR
Bk A N IG 07 B 298 /DB, PPARS 7EVF 2 4 4 3%
i, ALHEI L UL PRI 07 A5 A R AL )
PPARS (1) 42 B Iy e i 77 1) 3 B pefig 2 H i NG
TR T A B AR, LA IE D R (14~ 18
By T LAZE &5 2 PPARS FRIBCAA LS 45 &5 ke, [ =
KB OIEATFIIRE Al AT5I3A 5 PGL S5t AT L)
A PPARS 7. SR 7 5 A W8 — b T 017 1R 5 i 47
% st PPARD ¥ A4 BEPC AR IE 2 ATE . G
PPARS =21 Fll 11557 (agonist) GW501516 AbH /)N

B A I v 2 PR T Bl IR T v ), AR TR R B
YR GW501516 Ab BN, 348 A) DL 5 LET 4
HA o SR AR LA AR 12, PPARS
W MR 20 Al R AR A R A 3 FE.

JL4m Ho 3 58 81~ 2 (myocyte enhancer factor 2,
MEF 2) & —F S 9] 76 B 8 WUE % R DL 8 A i,
HA DNA gs&m 1, vl S5 1A WLER B8 (muscle
creatine kinase, MCK) & [X 5 3 7 9 & &% AT 1
DNA J¢ 4l 45 &3 MEF2 J& T % 5% i 3 1
MADS2Box 54, fE/NR A 4 #1288, MEF2A.
MEF2B. MEF2C #l MEF2D, ‘BN R &
oA R A AR R AR 02, KA PPARS 1
JULAH e S I A, I AT LA B ) A s A
TRl A AR ILAE LGN M (3R IA . FRAT IR PPARS 4%
SERC LA AU BT AT b, RBULIL B2 A
MEF 2 [F 45547 55

5T PPARS (1218 1 715 1] B8 A Al 50 1% L A 1)
DhRePRpt— 2B B, R 7 T ST DA i)
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. LTk, AT T PPARS [ HE Sk w1
2kb A B, AE 3T3 1 COST 4 e idtaT /b, &
M H )1 iE e, i F 8 MEF2A i B2 Rk (1)
MRS, FRATIAR R IR SE DL 1) )3 30 735 1 22 21
SKIAF MEF2A L.

1 M5

1.1 ZRAEFN R

g JL ZR COS7 7/ Bl WE i F 41 4E 40 i R
NIH3T3 7£ 37°C, 5% CO, 5&1F T, & 10%/i5 2 1
) DMEM #5975t 55

MEF2A H #% % ik # & pMEF2A i Russo AF
H% (lowa K22) KAGFEAE. JH 8735 2 20 Hr 6] BT
#i 4 pRL-TK(Promega /' fifr).

i T yilE PPARS A3, MRSk SE
FIRIF MGG, SROSREZEE, #ix
PPARS (1) 4% s i A . A 45 i 51 %t (57—
3"), TGAAGCCCTTGTTCCATACTC (Fpp)#! CT-
GTCCCGGCCGCCTCTCGC (Rpp), LA EHFI/NA
BUIT DNA WA, I PCR 3788 17— 447 T 25 —A
ANGEF S TEE IR, KSR 2000 bp. A T e RE
i, rRIAE IR S 515 BN Nhe 1 B¢ Sma |
B A7 5. K 1S P ) e B B T 2K (Promega 1~
i), IRAGTORL pTPP. 227 (Hh — 1AW H R A ]
56 RO B UE BURLE B J5 . R R 3 1 v BE F
pEGFP-N3 J5, H] PCR % PPARS 531+ GFP Hl
polyA MEAE S¥ ik, Wik ®] pGEM-T, 1%
2| Uk pTPPGFP, [A#f3k153 % 1 PPARS JH3) 1,
R34 GFP F polyA N JZ15 5 ) pGEM-T X i it
ki pTEGFP, UL KR pEGFP-N3 b E A% )3 3 1 %t
PPARS Ji 2 7 if M T30, 8Ok 3 8+ W v B 3]
pGL,-basic(Promega /'~ /), 3f4HF0K pGLPP, Jf
S Nsi T« Stuwl < Nde I Pst 1 A1 Sac 1344k
pGLPP RGN R K ER G 31 B, 3ol 44k
pGLPP/Sac 1T . pGLPP/Pst 1 . pGLPP/Nde 1 .
pGLPP/Stu | #11 pGLPP/Nisi | .

1.2 BaFENRRE

T 5E YEWE S PPARS JI B 1O,
pTPPGFP FI pTGFP 43 5ill % 4L £ COS7 4l furhr, 7
P BB FMEE GFP. T 5 fffi o 8 8 A bk,
P I 24 () 41 i B0Ks NITH 3T3 Al COS7 #5051 24
LA M F2 M 35 mm FFR M. 1595 18 h 5%
PRL-TK(Z [ 7 ki) A 8 41 5k pGLPP S 4% 4 51 4]
Mrf, fE IR YL szas v, pGLPP s ILAT AR I kL 5

pRL-TK Lt 5 © 1. KM Lipofect AMINE2000 fig Jit
A& (Life Technologies, Inc.), % M) &AL 1) 1y ik
g RO 24 h, KA MR, SO R ER
FH X5 6 2 W 50 BT 2 48 (Promega 7= i) fi 2, 71k
] AR AR TN AT RN e B b H A
3R
1.3 HREFEZLSHT

| I 7E 26 1. H TRANSFAC F1 Matlnspector
software (http://www.genomatix.de/) % PPARS Ji %]
THAT T, LAE 3 81 b s R AR A
INAIUES TS A o
14 FERELE

A MEF2A Xt PPARS Jii 8l 73 P (1 1 15
YEM, B AS IR JE ) pMEF2A Fil pGLPP 3% [F] (1)
pRL-TK JL#5 4% NIH 3T3. i 4% Jfuki pCDNA 4 F5
L pORL S B E . 200 AN AR E pMEF2A X
PR MR PER 0. S 3 IR
1.5 HEHH

H TG, ERSERR/DES 3R U
x = s KRR A S ZR M P 1) LB Flue/Rlue.
J A Student’s t-test X £ 4 AT 0 AT, W P <
0.05 ML 2= 57 W 2.

2 & B

2.1 PPARS B FFIIFGEREFHH

PPARS LKA T/ 17 54k, Eid PCR
JHEY W T B — AT 0 S M X 2 kb K1)
JPA, &7 )G T3 77 57 GenBank AR LE XS
RIS Balb/e /N 17 5 G i Ak FAH R (1) 7P 1AL 22
4bp, KPTGO0 H AR A, FEGL
& EATAT 14552702 & 14552706 47 B (K 1). %7
4 4E4C GenBank, %45 4 EF057405. i35 %t
%741 Fl DNAman %A 3EAT BRI 35 70 4, I
FTA51) DNA BN 5" ~3 4 A Nsi 1 (=1 453).
Stu T (=970). Pst 1 (=179, -191 F1-564). Nde 1
(—443)H1 Sac 11 (+24) (55— AME T 5" K +1). X Pr
138 87X FAE 2 T H AT W] BB 1) S5 IR 1 R 28 N
G AL T, WA RBI L TATA KE, {HK
LI 3 5 3 1B CREB (CRE-binding protein)fll SP1
(Stimulating protein 1)%5 3 A% 4% 5% Jr 75 (1) 4% s A+
bh, A 4 A IR MEF2 25407 5 (&1 B
N)s 1 H . =261 & (K1 1 595) (1) A
(tttaaagctt TAA Atategttte) 5 MEF2A FrifE N 25 o ff:
()24 100%.
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Fig. 1 A schematic

promoter location in

representation of 2 kb PPARS
mouse chromosome 17 and its
mapping of restriction endonucleases

The 2 kb promoter is located from 14552707 to 14554706 in mouse
chromosome 17. Several restriction endonucleases found in the 2 kb
promoter are marked above the promoter schematic representation. And
several potential MEF2 cis-acting elements are marked under the

promoter schematic representation.

2.2 PPARS Bzl FiEME o4
H T e PER I T A3 ) PPARS 5700 38 X B
EA RS FIhfe, ¥ pTPPGFP 1 pTGFP 4% 4t 5|

(b)

@

COS7 4 furf, 7E%¢ 6 Bl he B WM s R IL, 1Y
pTPPGFP w1 UL i3 2l GFP [¥) & ik, i X #8 5 ki
pTGFP % JL 1Y) 40 W % A WL 42 21| GFP RIA (K] 2). %
WIFRAT TS 7 25 31 T PPARS 5 3) 71

h T ST PPARS A B FiE 1k, R A
[+ B2 PPARS Ji5 3l 1 ¥ itk 43 )l 55 pRL-TK JL#%
YL NIH 3T3 F1 COS7 4i i, 24 h Jakall 2 Fpal ez
P k. R IAEIX 2 Fhdi i, Sae I AL RIS 3)
TEA R, X (pGL2 FEATRL) #5587
PEZESRALZE (P=0.1389, NIH3T3) H £ 5%, H
A K BE IR JTURL 38 A e s s k. I T Al e R B T
(=179 ~+120, pGLPP/Pst | Yth B R AN B3 1
WPk, 5K FORL pGL2-basic B sk 1k 7 Ak
F(ME K%, P=00014, NIH 3T3; P =
0.00398, COS7) (Kl 3). HARA A 3) 775 2
AN [ 40 e v () e s P EAN ), RS [ KR 1R 3 30
TAE 2 Bl b A R AR, B 2 kb R BT
BT A AR 9 JE Bl 3G AR, SR AE Nsi [
W7 (1% v B Hh nl B 0 S Bl 1 e sk 1) e sk R AE

(c)

Fig. 2 The 2 kb PPARS promoter has ability to transcribe GFP in COS7 cells
(a) COST7 cells transfected with the control plasmid pTGFP is observed under brightlight. (b) GFP is not found in
COS7 cells transfected with the control plasmid pTGFP. (c¢) A strong GFP signal is found in COS7 cells

transfected with the plasmid pTPPGFP.

COS7

—~
o
=

Fluc/Rluc

SO mmmm =D
oNhrowoONRON D
— ——

~
=2
~

Fluc/Rluc

0.6 3T3

Fig. 3 Deletion analysis of the PPARS promoter fragment in COS7 and NIH 3T3 cells COS7 and
NIH 3T3 cells were transiently transfected with luciferase reporter constructs containing serial
deletions of the 2 kb DNA

Cells were transfected with reporter constructs (0.4 pg/well) and a Rluc expression vector pRL-TK was added as an

internal control. After 24 h, cells were lysed and Fluc and Rluc activities were measured. Results are x + s of three or
more independent experiments. /: pGL2-basic; 2: pGLPP/Sac I ; 3: pGLPP/Pst 1 ; 4: pGLPP/Nde 1 ; 5: pGLPP/Stu I ;

6:pGLPP/Nsi | ; 7: pGLPP.
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7. FH Nhe 1 #8013 745 2 Fhdi i b (5 5 %
P #0840 i B T SRl PR, ki
PE S5 = IR0 A2 Sew T 006100 )5 ) 7. (HAE 9 Fh 4l i
H, ZER AR
2.3 MEF2A 125 PPARS B FiEFE M

BESX PPARS 71 JVLAH i b iy 2 Rk, Wl REsZ—
L 5 2 T I P 2 S DR 7 U Y UL i 3 o DR 2
(myocyte enhancer factor 2, MEF 2)/&—7E 3 Ff L
AL 2R e FE R W e s 87, ZENLIA ) R B 2
A B . ¥ MEF2A 3% itk 5 pGLPP &
MYLE, ROARNT 9 R R, TR IA
MEF2A [1) NIH 3T3 4", PPARS Jii 81 [ 5%
TEPERS I (B 4). 1 H, X BRN R MEF2A R T
AN, XL g IR B, MEF2A B 52 AT LU

PPARS Jii 8l 1 I sk i k.
5.0 3T3
40¢
E
S 30
5
E
= 2.0
1.0F
0
1 2 3 4 5
pRL-TK(ng) 30 30 30 30 30
pGLPP(ng) 30 30 30 30 30
pPMEF2A(ng) 500 50 5 0.5 0
pCDNA(ng) 0 450 495 500 500

Fig. 4 MEF2A enhances the activity of the mouse PPAR

promoter in NIH 3T3 cells
Co-transfection experiments of the PPAR promoter reporter and
pMEF2A. pTK-Rluc was cotransfected with 30 ng of -2000 PPARS-Iuc
construct, pGLPP and increasing amounts of pPCMV-YY1 (0.5 ng, 5 ng,
50 ng and 500 ng, respectively). The total amount of DNA in all
transfections was kept constant (560 ng) by the addition of the plasmid
pCDNA3.1.

3%

LS — N R EE WA AL, eI
80% 1) FH 1B & 22 30 B ™ 25 1) 4 25 B U2 PPARS {EH
AL 1263543 %) 5 L PPAR« fil PPARYy 5 10 1%
F1 50 f50419, PPARS = EEAEAT 4 AU 1T AN A2t Pt 224
AT ik, FEmi S, K% PPARS R 0 ik
TR UG I, TR MLER4E by 4K 2 B IR
H, MR ILER4E ) L T 0. PPARS A3 X FlIL
R4 BT AR S R R N R A T R G, X

SR Z 5 RITRAEAMN . SORIARITI . A AR A1
WIUET 2 Wi 45 0k (slow-twitch contractile apparatus).
FALI) 25 A AR S TR 1) # UL 40 i Lo AT C2C12
OS], TEIXLEifirh, PPARS [Fihfb & T
S AR AR DG 1 25 DR SRk 0 19, g e g SR
PPARS 7E LA A R A AL I 7 v A o B2 0 1
H. 8801, PPARS [ RARBLA R A %A i, Kk
T DR JUL 40 i v i) 20 1 H R i R DL AR
. X H, A4 B T 2 kb (K PPARS ik i1
b, FERI, XBUF AR LA COST 4i i JH 3)
GFP &k (K 2), REERAT H3 76 &
COS7 F1 NIH 3T3 40 o X A [F) K B 14 ) 80 7 34T
TEPES TR, 2 kb (W3 ) IS TEEX 2 R
BT A HABE 3 B3 PSR, $R7RAE Nsi |
BRI B r e & i PPARS ) 8)) 13 5% (1)
i e, £E COS7 A1 NIH 3T3 iX 2 Fh 4l g &
H AR PPARS JH 3 G TEA Z 7, (& COST 41 Jfi
A 5 T NIH 3T3, HAS R B JE Bl s i 1 1)
AR — S0 AR, S 179 bp W3z 5 3
FWHAEARME G, B2, RIE TH
SR PPARS JH 31, X W5 H AR A T HL
HIBLE T LA

MEF 2 J&— 25 o 2 RIL A & & 15t A
T HHET R MEF2 5258 H 11 D g e 42 H LA g
O3 AT RE I 3 DR . A R AR R L
OWUNEI UK & I 2 A 5 40 B 50 4. MEF2 1
EHCBE R TR, S R R B Ak
% 576 T VR 08, MEF2A 785 8 ILRTO UL 40
M AR, IR DR B AR 5~10 R
SRHDLCAET:, T HLER A 09, PPARS 757 ##
VLA Bt s FE AR IA, FRATTE E fE 4k T = 70 &
L, 7& PPARS 2 kb LN IWH BT, 14 Mo
Wt MEF2A Y TE I 45 Groodl, L ez i i3 2)
TIX (B SR IRAT 12 260 bp Ab) L A7 M S
MEF2 1% B 2 o A1 ) — 2 v o 100% , 1% 7R
MEF2 %} PPARS 1% s 1] G A7 15 1E . MIRATTHY
SR K, MEF2A i SEa] LA PPARS JH 311
WE, T MEF2A (500 ng) S2 56 41 A R 5O
BT A 70 5L b i L, B R Y
(1) MEF2A JFURLI B2 T iy, X Rh s A A1 1 5. A
I, AT SEE YA UEY] T MEF2A GEdie 5 PPARS
JA BN ) e S s Ak

B AT T A S PE ) PPARS JH 3
T, FFH I MEF2A fE$e = PPARS JA 8l 1 id Pk,
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Cloning and Analyzing The Promoter of PPAR®

HE Cheng-Qiang”, LI Cong-Cong, WU Yan-Hong, AN Li-Guo, LI Yun-Long
(College of Life Science, Shandong Normal University, Jinan 250014, China)

Abstract  Peroxisome proliferator-activated receptors (PPARs) are a family of nuclear hormone receptors
belonging to the steroid receptor superfamily. Three PPAR isoforms, PPARa, PPARS (also known as PPARB) and
PPARY have been found in the mouse. They can activate expression of many genes, including those involved in
lipidmetabolism. PPARS is ubiquitously expressed, but the level of expression differs markedly between different
cell types. PPARS is expressed in skeletal muscle at 10- and 50-fold higher levels compared with PPAR«a and
PPARYy, respectively. A role for PPARS in skeletal muscle is to increase the genes expression with relation to
oxidative metabolism. In order to determine the molecular mechanisms governing PPARS gene expression in
muscle, a 2 kb 5’ flanking region was cloned and analyzed. The DNA fragment is able to transcribe GFP in COS7
cells. Dual luciferase assay is used to quantify promoter activity. Deletion analysis of the 2 kb PPARS promoter
fragment in COS7 and NIH 3T3 cells shows that the proximal promoter sequence, nt —197 to +120, confers basal
transcriptional activity of the mouse PPARS gene. Computational analysis of putative cis-acting elements located
within the ~2.0 kb mouse PPARS 5’ -flanking sequence was performed using the TRANSFAC database and
Matlnspector software and 4 potential MEF2A binding sites were found. And there is a potential binding site
sharing 100% identity with positive element of MEF2A in the proximal promoter (nt —261). Co-transfection
experiments of the PPARS promoter reporter and pMEF2A expression plasmid (pMEF2A) showed that MEF2A
significantly enhanced transcription activity of PPARS promoter in NIH 3T3. Moreover, the enhancive effect
depended on the concentration of plasmid pMEF2A transfected into cells. The results suggested that MEF2A may

enhance transcription activity of the PPAR promoter in muscle cells.

Key words PPARS, MEF2A, skeletal muscle
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