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A Molecular Study of Sopungsungi-won(Shufengshungiyuan) about Regulation
of PPARs in Mouse NMuZ2Li Liver Cells and C2C12 Skeletal Muscle Myogenic
Progenital Cells
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Dept. of Neuropsychiatry, Dept. of Formula Sciences College of Oriental Medicine, Dongeui Universityx,
Department of Life Sciences, Mokwon Universityt

Abstract

Objectives :

We investigated the effects of Sopungsungi-won(Shufengshungiyuan) (SSEx1, SSEx2) to
treat the metabolic syndrome by the molecular mechanism of regulation of PPAR and
modulation of mitochondrial MCAD, VLCAD mRNA expression.

Methods :

Mouse NMu2Li liver cells and C2C12 skeletal muscle myogenic progenital cells were
transiently transfected with expression plasmids for PPAR(PPARa, PPARS), a luciferase
reporter gene construct containing 3 copies of the PPRE from the rat acyl-CoA oxidase gene
and [B-galactosidase gene. Cells were treated with several concentrated kinds of SSExI,
SSEx?2 at the initial time of culture and analyzed PPARa, PPARGS reporter gene activity
using spectrophotometer (405 nm). Total RNA was extracted from SSEx1, SSEx2 and
measured mRNA levels of mitochondrial MCAD, VLCAD. Representative RT-PCR bands are
shown.
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Results :

1. SSEx1 increased the expression of PPARa reporter gene activities at 0.1 pg/ml (p<0.01)
and 10 pg/ml (p<0.05), SSEx2 at 0.1 pg/ml (p<0.01) and 1 pg/ml (p<0.05) significantly in

NMu2Li liver cell lines.

2. SSEx1 increased the expression of PPARa reporter gene activities at 1 ng/ml
SSEx2 at 0.1 pg/ml (p<0.01) significantly in C2C12 skeletal muscle cells.

3. SSEx1, SSEx2 both showed no significant changes of the expression of PPARS reporter
gene activities in C2C12 skeletal muscle cells.

4. SSEx1 increased the modulation of mitochondrial MCAD mRNA expression (p<0.05)

significantly in NMuZ2Li liver cell lines.

5. SSEx1, SSEx2 both increased the modulation of mitochondrial MCAD mRNA expression
(p<0.05) significantly in C2C12 skeletal muscle cells.

Conclusions :

These results show the SSEx1, SSEx2 can be used as therapeutic agent for metabolic
syndrome and it’s molecular mechanisms of PPAR more contribute to the activation of
PPARa then PPARS reporter gene activities
modulation of mitochondrial MCAD then VLCAD mRNA expression.
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A Fre] ot A8
871 dgHow Avsgch
UAtAE &3 NMu2li 4129 QC12
SATAEANA A YA B bio marker
Ql PPARsY] 24§ 3433, MCAD (medium
chain acyl-CoA dehydrogenase) ¢+ VLCAD
(very long chain acyl-CoA dehydrogenase)
o] mRNA +F& S48k, vl As o
o} olo]l Hidh= npo|th.

O 2348 % 4794

1. HEetsE

AgorEe MyEE, Vo AR HUEIE
ST (SSEx1, SSEx2)S AMgslgor, 1 1A
=2 3 A|eF (Busan, South Korea)ollA
datar, S grejHeist A gl A o A
gt | BEstal o] 25 DW 3000

(South Korea, tl-¢-AhS ©]-&3le] ogk& 30%
o] gujE 95TCelA 213 FE3 FHol| T2
Azxste] Aol AMS-3FATE (Table I, II).

Table |. The Composition of SSEXx1
ooty Ingredient %
AEBER  Radix et Rhizoma Rhei Praeparata 21
BRI Semen Plantaginis Praeparata 11
= Semen Pruni 8
B Semen Arecae 8
FEFI=B1D Fructus Cannabis Praeparata 8
R i Semen Cuscutae Praeparaia 8
AR Radix Achyranthis Bidentatae 8

Praeparata
1% Rhizoma Dioscoreae 8
IS Fructus Corni 8
ER Fructus Citri Auranti 4
BhR Radix Saposhnikoviae 4
BE Radix Angelicae Pubescentis 4
Total amounts 100(%)
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Table Il. The Composition of SSEx2

orory Ingredient %
KEER Radix et Rhizoma Rhei 29
Praeparata
BEETTY  Semen Plantaginis Praeparata 10.5
B Semen Pruni 9
Gi-gi Semen Arecae 9
%@Eﬁ Semen Cuscutae Praeparata 9
RS Radix Achyranthis Bidentatae 9
Praeparata
HiZE Rhizoma Dioscoreae 9
1S Fructus Corni 9
M Fructus Citri Aurantii 4.5
il Radix Saposhnikoviae 4.5
& Radix Angelicae Pubescentis 4.5
Total amounts 100(%)

2. Cell culture

A EF] NMu2Li Ao} ZATA 25
C2C12 MEZE AHE-3FA T (Table ). E& Al
T+ 10% fetal bovine serum (Gibco-Brl, Grand
Island, NY, USA), penicillin G (100 Uml"),
streptomycin sulfate (100 zgml™), amphotericin
B (0.25 pgml™"), 18] 2-mercaptoethanol (50
m)e] EFE o] 1= DMEM HiA]ol| A ufj s},
37C £:=9t 5% COt THH= s 2=
FAAZ] F, transfection 24 A|ZF Hol 6-well
tissue culture plateo] well & 2.7 X 10°7§ 2] A%
T2 seeding AT

Moo

Table Ill. Cell Lines Used for Transient
Transfection Assays

) Source/ Growth
Name Species Application Morphology Mode
NMu2Li  mouse liver epithelial adherent

C2C12  mouse muscle fibroblast  adherent

3. Transient transfection assay

E& transfection®] 73-F- well & 212} 200 ng

ZHo| EA7|Ho ojxE SE -

o] plasmid’} AF§-% 31, lipofectamine (Life
technologies, Rockville, MD)<- A}-8-8Fef ) A}
o] XAl W} transfectiond}tR(th §HE- 6A17F
T AlAgH i A] (1 ml)E H7bskal, s 813HE<Q]
SSEx1, SSEx22 A 2] 811, 2] 2] 8h] 24417t 3
A& A AL v et MEE G835t
Luciferase®} [(B-galactosidase &/ kit
(Promega, Madison, WI, USA)E A-8-3}e A%
Abe] Ao whetx S8, heks] Ashd
3 2t} B-galactosidase 9} luciferase 47 ¢]]
AHEE = AloFE2 WA A Ao 20 F
8Eo] & Ho|eg &0 AME-SIATE 6-well€]
AEES2 WiAE AAG 5 PBSE o834 23]
A2 b, 2+2Ee] platee] 1 X reporter lysis buffer
(300 )5 Bl 2ol A 15%3F WAl Al

K
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£ &AHTE AE7F 53] 831 plate=
HH AEESS Lo, 3] S Axs o
A5-2] (12,000 rpm, 4°C, 5331 834 T
o
[e)

< luciferase assay system< ©]-83}o] -4]3}H,
luciferaseE ¥ 33+ 45H (20 1l)3 substrate
(B0 p)E EF3IY luminometer2 =7 3}Ath
Luciferase /3= X 33}7] 913l B-galactosidase
S ZAHAY (Promega’s B-galactosidase
enzyme assay system). 96 well plateol] 2] %
Z N7} 2 X assay bufferg 20 ¥ FFOZ 5
st 37°Coll A 1A17F REGAIZ] £, wh-g-A o] gk
Al ¥31H 1 M sodium carbonate (50 wl)E ¥l
F-3-S A A|AA spectrophotometer (405 nm)=

o O
o =
P2 245

¢

[-'E

Elolr

4. C2C12 differentiation

Mouse myogenic C2C12 cellS 10% fetal
bovine serum (Gibco-BRL, Grand Island,
NY), penicillin G (100 U/ml), streptomycin
sulfate (100 pg/ml), amphotericin B (0.25 1
g/ml)Z} 2-mercaptoethanol (50 uM)°] XZ3He
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DMEM mediumeol|A] #jsE T C2C12 cell
o HIE Fmstr] sk cello] 70%
confluence®] =235t¥9S W 10% fetal bovine
serum< 2% horse serum® 2 WA EH T 4
A3 i F F cell &2 U4 myotube® E3}
H 2o, SSExl, SSEx2 59| chemical * 2]
% RNA isolations $13} AF&-% At

5. Total RNA 22|
Total RNA+ Trizol (Invitrogen, Avenue
Carlsbad, USA)& AH&-ste] 7F, AW, 5220
2RY FE, ds] Aishd v 2o
Total RNAS &=Z35}7] 9384 Trizol 1 mld] =
2] 100 mgS ¥ 31 homogenizerE ©|-&-3}4 203
S A A, gAstE 84S FRolA 5
2k A3k o3 7190 chloroform (Sigma, USA)
200 w5 718k &9 chloroform¢] AAZ o2
L5 15% 5t EF6H, A2l A 33t
W] 8k F 441822 (13,000 rpm, 4T, 15 3+91
o 942 | SHoA B2 S e A=
of E&lstal o7]oll %] isopropanol
(Sigma, USA)S F7}ste] -2l A 10831 WA
3 QAR (13,000 rpm, 4°C, 108) 3ok
AT ZE FE vigel] 34E RNA pelleto]
70% ethanol 1 ml= H7}3te] 23] Al #s}5l 0w
(4,500 rpm, 4C, 5%), RNA pelleto] £-:13] 74z
5 0.01% DEPCE A2¥ S7F+5 150 ut 3
7}3e] RNA pelletS- &3 A1 7t}

6. Reverse transcription—polymerase chain
reaction
Reverse  transcription-polymerase  chain

reaction (RT-PCR)<- ©]-8-3l4] mRNA9] 4& =
Attt Complementary DNA total RNA 2

ugi’/} reverse primer 0.5 pg& &3t HF 4

14 W FHste 75CoA 158 5 A

(heating) gt ¥, 5% &<t G5 &ol stk
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&} 7)ol 5X M-MLV reaction buffer, 10 mM
dNTP mixture, 200 units M-MLV RT (Promega,
Madison, WI, USA)E # 78t & ol 25
7} HA & &, 22T oA 1A7F 52F v A AT
RT reaction 5 09l 10X reaction buffer (Mg”* &
3h, 10 mM dNTP, 5 unites Taq polymerase
(Solgent, Taejon, South Korea), 12|31 10 uM
primerS F7}ste] HF 50 w7t HA I F,
PTC-100™ Programmable Thermal Controller
(MJ Research, Inc., Waltham, MA, USA)E ©]-§
&to PCRS AAI5FSAT Table V= RT-PCRO]
A& primer$} product size©|tt.

Table IV. Sequences of Primers Used for the
RT-PCR Assays

Genes Gene Primer sequences Size
Bank a (bp)
Forward:5 "~ -
AF cgtcagaggtgtactttgatgg - 3 °
VLCAD 017176 Reverse:5 " - 263
catggactcagtcacatactge - 3 °
Forward:5 " -
NM gacatttggaaagctgetagtg - 3
MCAD 007382 Reverse:5 " - 321
tcacgagctatgatcagectetg - 3
Forward:5 " -
. J tggaatcctgtggcatceatgaaa - 3
£ ~actin 00691 Reverse:5 " - 350

taaaacgcagctcagtaacagtcc - 3

7. Expression plasmids

Expression vector® AR pSG5-mPPARa
9} PPREs-tk-luc reporter %A= Dr. Frank
J. Gonzalez (National Cancer Institute, NIH,
Bethesda, MD, USA)Z FE] o] AL&-3}th

8. SA=EH
RE %2 mean * standard deviation (SD)-2-
2 A3, SigmaPlot 2001 (SPSS Inc, Chicago,
IL)<] unpaired, student’s t-testS ©]-8-3}4] 57|
A FoldS A
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m 243 23

1. NMu2Li ZH¥I =0l M PPARa reporter gene 2+

Mouse THHEZFQ] NMu2Li Ao
acyl-CoA oxidase fr##te] PPREE *3-3}al
A= luciferase reporter I =)
(PPRE3-tk-luc)el PPARa$} PPARa parter?]
RXRa HEMEE co-transfection A Z T

SSEx1 A&l 0.1 pg/mld 10 pg/ml &
Zo A PPARa reporter 3%} &S {23}
A SRS, A4 43%  (p<0.01), 42%
(p<0.05)9] F7+H&S YetilY (Fig. 1).

SSEx2 2] 79, 01 pg/ml? 1 pg/ml
SEoA sl STMIRLH, STHEEE
247} 46% (p<0.01)$} 34% (p<0.05)%Th (Fig.
2).
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Relative Luciferase activity

Vehicle 0.1 1 10
SSEx1 (ug/ml)

Fig. 1. Regulation of PPARa reporter gene
expression by SSEx1 in NMu2Li liver cells.

Cells were transiently transfected with expression plasmids
for PPARa, a luciferase reporter gene construct containing 3
copies of the PPRE from the rat acyl-CoA oxidase gene and
B —galactosidase gene. Cells were treated with several kinds
of SSEx1 at the initial time of culture. Following incubation for
24 h, cells were harvested, lysed and were subsequently
assayed for luciferase and p —galactosidase activities. All
values are expressed as the mean * SD of relative luciferase
units/ # —galactosidase activity. Experiments were performed
at least three times.

* p<0.05, ** p<0.01 Significantly different from vehicle.
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Fig. 2. Regulation of PPARa reporter gene
expression by SSEx2 in NMu2Li liver cells.

Cells were transiently transfected with expression plasmids
for PPARa, a luciferase reporter gene construct containing 3
copies of the PPRE from the rat acyl-CoA oxidase gene and
B —galactosidase gene. Cells were treated with several kinds
of SSEx2 at the initial time of culture. Following incubation for
24 h, cells were harvested, lysed and were subsequently
assayed for luciferase and g —galactosidase activities. All
values are expressed as the mean = SD of relative luciferase
units/ B —galactosidase activity. Experiments were performed
at least three times.

* p<0.05, ** p<0.01 Significantly different from vehicle.

2. C2C12 24 2 M=ol PPARa reporter gene

gl

Mouse H4T HAFAEZFQ] C2C12 A E9
PPARa$} RXRa expression construct 18] 31 rat
ACOX ++%#+e] PPRE luciferase reporter
construct (PPREs-tk-luc)E transfection A7l ¥
PPARa reporter 3%} &S SA3IAT

SSExl A2 1 npg/milollA luciferase
activity s o8t TV, SRS
69% (p<0.01)Th (Fig. 3).

SSEx2 #1219 7% 01 ng/ml F=oNAM
o)Al 7M1 FH L™, reporter gene activity 2]
S7HEE 65% (p<0.01)At} (Fig. 4).
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Fig. 3. Regulation of PPARa reporter gene
expression by SSEx1 in C2C12 cells, a skeletal
muscle myogenic progenital cell line.

Cells were transiently transfected with expression plasmids
for PPARa, a luciferase reporter gene construct containing 3
copies of the PPRE from the rat acyl-CoA oxidase gene and
B —galactosidase gene. Cells were treated with several kinds
of SSEx1 at the initial time of culture. Following incubation for
24 h, cells were harvested, lysed and were subsequently
assayed for luciferase and p —galactosidase activities. All
values are expressed as the mean * SD of relative luciferase
units/ B —galactosidase activity. Experiments were performed
at least three times.

* p<0.01 Significantly different from vehicle.
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Fig. 4. Regulation of PPARa reporter gene
expression by SSEx2 in C2C12 cells, a skeletal
muscle myogenic progenital cell line.

Cells were transiently transfected with expression plasmids
for PPARa, a luciferase reporter gene construct containing 3
copies of the PPRE from the rat acyl-CoA oxidase gene and
B —galactosidase gene. Cells were treated with several kinds
of SSEx2 at the initial time of culture. Following incubation for
24 h, cells were harvested, lysed and were subsequently
assayed for luciferase and P —galactosidase activities. All
values are expressed as the mean + SD of relative luciferase
units/ 8 —galactosidase activity. Experiments were performed

:H 203 HM 13 2009 -

at least three times.
* p<0.01 Significantly different from vehicle.

3. NMu2Li 2 =of| A PPARS reporter gene &tsd

ZHAIEESF2 NMu2Li Al 3Eof] PPARSS} RXRa
expression construct 12|31 rat ACOX %1 2}<]
PPRE reporter
(PPREs-tk-luc)E transfection A7l & PPARS
reporter 32t LHS SAAH

SSEx1¥} SSEx2 X PPARS reporter 31
2 HE F94 e TS FA RIS
t, 10 pg/ml SSEx1 # 0.1 pg/ml SSEx2+&
2Y7y 19%<F 33%4) luciferase activitys <7}
AlH Tt (Fig. 5, 6).

luciferase construct
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Fig. 5. Regulation of PPARS reporter gene
expression by SSEx1 in NMu2Li liver cells.

Cells were transiently transfected with expression plasmids
for PPAR S, a luciferase reporter gene construct containing 3
copies of the PPRE from the rat acyl-CoA oxidase gene and
B —galactosidase gene. Cells were treated with several kinds
of SSEx1 at the initial time of culture. Following incubation for
24 h, cells were harvested, lysed and were subsequently
assayed for luciferase and B —galactosidase activities. All
values are expressed as the mean = SD of relative luciferase
units/ B —galactosidase activity. Experiments were performed
at least three times.
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Fig. 6. Regulation of PPARS reporter gene
expression by SSEx2 in NMu2Li liver cells.

Cells were transiently transfected with expression plasmids
for PPAR G, a luciferase reporter gene construct containing 3
copies of the PPRE from the rat acyl-CoA oxidase gene and
B —galactosidase gene. Cells were treated with several kinds
of SSEx2 at the initial time of culture. Following incubation for
24 h, cells were harvested, lysed and were subsequently
assayed for luciferase and f —galactosidase activities. All
values are expressed as the mean * SD of relative luciferase
units/ B —galactosidase activity. Experiments were performed
at least three times.

4. C2C12 2 2 M =dllM PPARS reporter gene

g

Mouse =4 HAFAEFQ C2C12 A £
PPARS 2} RXRa expression construct “12] 3L rat
ACOX ++%#+e] PPRE luciferase reporter
construct (PPREs-tk-luc)E transfection A7l %
PPARS reporter -2} &S SA3IATH

SSEx1, SSEx2 *}g]i¢] PPARS reporter
gene Ydo] FoA e WHIE Holx| &%k

t} (Fig. 7, 8).
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Fig. 7. Regulation of PPARS reporter gene
expression by SSEx1 in C2C12 cells, a skeletal
muscle myogenic progenital cell line.

Cells were transiently transfected with expression plasmids
for PPAR S, a luciferase reporter gene construct containing 3
copies of the PPRE from the rat acyl-CoA oxidase gene and
B —galactosidase gene. Cells were treated with several kinds
of SSEx1 at the initial time of culture. Following incubation for
24 h, cells were harvested, lysed and were subsequently
assayed for luciferase and p —galactosidase activities. All
values are expressed as the mean * SD of relative luciferase
units/ @ —galactosidase activity. Experiments were performed
at least three times.
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Fig. 8. Regulation of PPARS reporter gene
expression by SSEx2 in C2C12 cells, a skeletal
muscle myogenic progenital cell line.

Cells were transiently transfected with expression plasmids
for PPARG , a luciferase reporter gene construct containing 3
copies of the PPRE from the rat acyl-CoA oxidase gene and
B —galactosidase gene. Cells were treated with several kinds
of SSEx2 at the initial time of culture. Following incubation for
24 h, cells were harvested, lysed and were subsequently
assayed for luciferase and B —galactosidase activities. All
values are expressed as the mean £ SD of relative luciferase
units/ @ —galactosidase activity. Experiments were performed
at least three times.
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5. NMu2Li ZHM|z=oiA o] EZEZ|of MCAD

mRNA 254

DA ZF] NMu2li Al 3ol PPARa®t RXR
a expression construct 123l rat ACOX -
2ol PPRE luciferase reporter construct
(PPRE3-tk-luc)E transfection A]Z1 $ SSEx1,
SSEx2E Z+7} A €3k &, total RNAS E&] 3
3 RT-PCR< ©]-&3lY mRNA TS A&t
At

PPARa®] 733t activator?] Wyl4,643-2
MCAD mRNAZ 69% (p<0.05)%7}1 %o,
SSEX1-S MCAD mRNAE 28% (p<0.05)4%=
frofstAl AsAlHLY,  SSEx2=  MCAD
mRNA 3o S Hals YehlA] 4t
t} (Fig. 9).

g
©

(A)

g 14
IS EY

MCAD/g-actin mRNA (R.D.U)
°
S

o
>

Vehicle Wy SSEx1 SSEx2

(B) EX_ XX vcao

Vehicle Wy SSEx1 SSEx2

Fig. 9. Modulation of mitochondrial MCAD mRNA
expression by SSEx in NMu2Li cells.

(A) Cells were transiently transfected with expression
plasmids for PPARa and a luciferase reporter gene construct
containing 3 copies of the PPRE from the rat acyl—CoA oxidase
gene. Cells were treated with SSEx at the initial time of culture.
Following incubation for 24 h, cells were harvested and
subsequently processed for RNA extraction. mRNA levels of
mitochondrial  MCAD and B —actin were measured as
described in Materials and Methods. All values are expressed
as mean = SD of R.D.U. (relative density units) using 8 —actin
as a reference.

(B) Representative RT—PCR bands from one of three
independent experiments are shown.

* p<0.05 compared with vehicle. MCAD, medium chain
acyl—CoA dehydrogenase.
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6. NMu2Li 7t Zol|A o] EZE2|o} VLCAD

mMRNA 284

A EFR1 NMu2Li A2 PPARa$t RXR
a expression construct 123l rat ACOX -
Z2te]  PPRE luciferase reporter construct
(PPRE3-tk-luc)E transfection A]Zl § SSEx1,
SSEx2E Z}7; 283t ¥, total RNAS #2]3}
il RT-PCRE ©]83F] mRNA F&3 A st
F=g

Wy14,6432> 15%. SSEx1< 10% VLCAD
mRNAE  F7HIZHoY F94L g,
SSEx2= VLCAD mRNA W&o E1g Hs)
£ yehliAl skt (Fig. 10).

G

0.6
0.4

0.2

VLCAD/g-actin mRNA (R.D.U)

0.0
Vehicle Wy SSEx1 SSEx2

(OB = = & = U
(&5 &5 & e pRe

Vehicle Wy SSEx1 SSEx2

Fig. 10. Modulation of mitochondrial VLCAD
MRNA expression by SSEx in NMu2Li cells.

(A) Cells were transiently transfected with expression
plasmids for PPARa and a luciferase reporter gene construct
containing 3 copies of the PPRE from the rat acyl-CoA oxidase
gene. Cells were treated with SSEx at the initial time of culture.
Following incubation for 24 h, cells were harvested and
subsequently processed for RNA extraction. mRNA levels of
mitochondrial VLCAD and pB-—actin were measured as
described in Materials and Methods. All values are expressed
as mean = SD of R.D.U. (relative density units) using @ —actin
as a reference.

(B) Representative RT—PCR bands from one of three
independent experiments are shown. VLCAD, very long chain
acyl—-CoA dehydrogenase.
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7. C2C12 EA 2 M =0l M o|EZE=2|of MCAD
=]

mMRBNA
=42 AFAEFQ] C2C12 myoblastE
myotube® #3HAAH SSEx1, SSEx2E A #]d}
o] MCAD mRNA #dS =43 47, 247
Wy14,6432 86% (p<0.05), SSEx1< 126%
(p<0.05), SSEx2E 106% (p<0.05)2 -2]3}7)

S7HAS (Fig. 11).
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Fig. 11. Modulation of mitochondrial MCAD mRNA
expression by SSEx in differentiated C2C12 cells.

(A) C2C12 myoblasts were differentiated into myotubes and
then myotubes were treated with SSEx for 24 h. RNA was
extracted from differentiated cells and mRNA levels of
mitochondrial  MCAD and (B -—actin were measured as
described in Materials and Methods. All values are expressed
as mean = SD of R.D.U. (relative density units) using @ —actin
as a reference.

(B) Representative RT—PCR bands from one of three
independent experiments are shown.

* p<0.05 compared with vehicle. MCAD, medium chain
acyl-CoA dehydrogenase.

8. C2C12 24 =M =0l A n|EE=2|o} VLCAD

mMRNA &3
AT AFAETQ]  QCI12  myoblasts

myotube= E3A|7AH, SSExl, SSERE *|2|st
VLCAD mRNA #3dS A3 23, 47
Wyl4, 643 28%, SSEx1S  13% S71she 4SS
Uellom, sspee #ashe B3] YERA]
7 SSEx1, SSEx2 B5 #2)Ade gllt) (Fig 12).
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Fig. 12. Modulation of mitochondrial VLCAD
mRNA expression by SSEX in differentiated
C2C12 cells.

(A) C2C12 myoblasts were differentiated into myotubes and
then myotubes were treated with SSEx for 24 h. RNA was
extracted from differentiated cells and mRNA levels of
mitochondrial VLCAD and p-—actin were measured as
described in Materials and Methods. All values are expressed
as mean = SD of R.D.U. (relative density units) using @ —actin
as a reference.

(B) Representative RT—PCR bands from one of three
independent experiments are shown. VLCAD, very long chain
acyl—-CoA dehydrogenase.
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mouse ZHAEFQ NMu2li  AJ¥o] rat
acyl-CoA oxidase +%#}te] PPRES Z &3t
A= luciferase reporter Elashein=]

(PPREs-tk-luc)®} PPARa$} PPARa parter$!
RXRa WHAHWEIE co-transfection A7l &,
PPARa reporter 32 4d FAEE FH313
=3

SSEx1 A¥w2 01 pg/ml 10 pg/ml &
oA PPARa reporter 32+ WS 7zt
43% (p<0.01), 42% (p<0.05) <34l Z7}A]
7o (Fig. 1), SSEx2 A3 0.1 ug/ml2}
1 pg/ml F=NA FosHA ST oH F
7} A= 27h 46%  (p<0.01)S} 34% (p<0.05)
Aot (Fig. 2).

T3 mouse EEL HAFTAZFTA C2C12 Al
¥ o] PPARa®} RXRa expression construct L2
31 rat ACOX -3 2}+¢] PPRE luciferase reporter
construct (PPREs-tk-luc)E transfection A|7]
PPARa reporter 32 &S S 3T

SSExl AT, 1 pg/mlsE=olA 69%

(p<0.01) FreJstAl FS7HAFHSeH  (Fig. 3),
SSEx2 AT, 01 upg/mlsxolA  65%

(p<0.01) f+o]3tAl FS7HART (Fig. 4).

Mouse NMu2Li 7HM|EZS} C2C12 F4 A
x| Z+Zk PPARS2}F RXRa expression construct
183 rat ACOX #3%+9] PPRE luciferase
reporter construct (PPREs-tk-luc)E transfection
A17131, PPARS reporter 34} LdH-S S35}
Atk

NMu2Li ZHZo4] 10 pg/ml SSEx17} 0.1
ug/ml SSEx2 A@tellA 27t 19%<}F 33% 2
luciferase activitys S7HA1F 2} (Fig. 5, 6),
Fode §l%a, CC12 FHZAH XM=
SSEx1, SSEx2 ¥+ EF PPARS reporter
gene Yol ks FA ZUtt (Fig. 7, 8).

Mouse NMu2Li IFMZ 9} C2C12 A A)
oA SSEx1, SSEx27} PPARa %7 7z}
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Lo owe FFE Urhi=A Lopr izl
v EZ =g ol A] fatty acid-B oxidationS
s= PPARa EAHt
acyl-CoA  dehydrogenase

Z2FQ1 medium chain
(MCAD)®}  very
long  chain dehydrogenase
(VLCAD)®] mRNA FF5 S35 th

PN 2591 NMu2Li M2Z9 PPARa$} RXRa
expression construct 18] 3 rat ACOX f 2 #}<]
PPRE reporter
(PPREs-tk-luc) & transfection AlZ! ¥ SSExE *
2]3tA2 1, total RNAE #2]3 & RT-PCRE

°]-8-3to] mRNA &5 4 sttt

MCAD mRNA®] 7-%- SSEx1 A 2|2 28%
(p<0.05) 2l8tAl S7FeFA o, SSExe= ot
£ ®¥3E YEA FATH (Fig. 9). VLCAD
mRNA®2] -9 SSEx1 A+ 10% 37153
ou, fFoAde glla, SSExee HTE WS
£ YER A 8kt (Fig. 10).

ZATAEAA SSExel 23t PPARa target
mRNA W3L AR mouse AL A
TAIEFA C2C12 myoblastE myotubeZ
SAA ARSI E8E C2C12 AlEE 3F
e PPAR EFE W= oz deiA
PoBeZ PPARa  expression  plasmidE
transfection A|7]1A] 2 AHloA 3}
myotubed]] 2 SSExl, SSEx2E A3}
MCADS} VLCADS] mRNA &S FASHA
o

MCAD mRNA®| 7-9- SSEx1, SSEx2 #ig]
T B fosHl SUheker Ut A=
27} 126% (p<0.05)2} 106% (p<0.05)At} (Fig.
11). VLCAD mRNA®| 739 SSExl &}
13% F7Fstaoy, frolide It (Fig. 12).

ojdel AxtE FEshd SSEx1F SSEx2w
mouse {HHEX 9} ZFAZA| XA PPARa &4
3= X331, PPARS EAsldl= Jeks F
A e As FAskiTh SSEx1E ZHA| e}

acyl-CoA

luciferase construct

Heo| EA7|Mo O|XE FE -

FAZAE  EFo)A  MCAD, VLCADS
mRNA 28-S F7MAZoH, SSExQE F4T

A E A MCADS mRNA &3S Z7HA)7=
Ao g WY} uwEbr SSEx1-S SSEx2¢} H]ml
sto] A 4HEtE £ O 3&Fe0=E £
Aoz AZEY. aHEE, GEIRKCS %ﬂ

H 0.2 AMThALs) HT 5L v:fj—a = oA
ol AEA gl Y Ao uﬂcq ¥
g A 7)) Hg %w QAT Ba
shejet 47t ek

V.24 &

AR ol A B IF SR G (SSEXT) 2 Gt I
FULENLT{(SSEx2)2] &-87FsAs e 7]
AL 7HE37] Y8k, mouse NMu2Li 7HA|
Ze} Q2C12 =4 ZAM| EZ A PPARa reporter
gene, PPARS reporter gene®| 437, MCAD
mRNA, VLCAD mRNA 23S =43 A3
0= 285 duth

1. NMu2Li ZHHEo A SSEx1 A #+S 0.1 n
g/mlol A 43%, 10 pg/miolA 42% PPARa
reporter F2t WAS FoJatA FTHAA
o} SSEx2 A2+ 0.1 pg/mi2t 1 pg/ml
TEoA A7 46%9F 34% FsHAl ST
Al AT

2. C2C12 FAZA| XA PPARa reporter
gene W3S A 2}, SSEx1 Ao 7
%, 1 pg/ml &%=
69% frelstAl S7HA1ZeH, SSEx29] 4,
01 pg/ml =X 65% rstA F7HA
T

ol A luciferase act1v1ty——
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PPARS reporter gene &S ZA3 2y,
SSEx13 SSEx2= E5F ol Sl 9FE
FA Z

4. NMu2Li 7HA|ZEo A mlEZ=go} MCAD
mRNA Td& =43 A3, SSEx1S 28%
Ax f-osHA S7HAZA T

5. QC12 FAIAM|EOA  HEZE=Fo}
MCAD mRNA #3d-S& 435 23, SSEx1
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