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ABSTRACT

Exercise elicits quantitative and functional adaptations of white adipose tissue
(WAT) ; however, the molecular mechanism remains unclear. AMP kinase (AMPK)
in the skeletal muscle may contribute to the adaptations of WAT via enhanced fat
oxidation and myokine expression. Therefore, we investigated whether AMPK in the
skeletal muscle is involved in exercise-induced quantitative and functional adaptations
of WAT. For skeletal muscle-specific inhibition of AMPK activity, we used transgenic
mice overexpressing the dominant-negative mutant of AMPK a 1 in the skeletal
muscle (AMPK-DN mice). Both AMPK-DN and wild-type (WT) mice were
randomly divided into two groups: wheel running groups or sedentary groups. After
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the four-week intervention, the body weight was measured, and the epididymal WAT
was excised. The protein expression of lipolysis-related molecules, triacylglycerol
synthesis-related molecules, and a mitochondrial marker were measured by western
blotting. AMPK-DN mice demonstrated exercise-induced decrement of epididymal
WAT weight. Furthermore, although WT mice showed an increase in the protein
expression of lipolysis-related molecule perilipin 1, this increase was diminished in
AMPK-DN mice. On the other hand, no significant differences between genotypes
were observed in the exercise-induced response of triacylglycerol synthesis-related
molecules (fatty acid synthase and stearoyl-CoA desaturase 1) and a mitochondrial
marker (voltage-dependent anion channel). In conclusion, these results suggest

that AMPK in the skeletal muscle contributes to exercise-induced quantitative and

functional adaptations of WAT.
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TRE X A R O R - HEERY RIS % A
T2, TR S 2 Thv. B
AMP ¥ F—+ (AMPK) (ZJEIGEEFIH O HlfH =~
AT h A OFEBEH LT, B LD EEIED
HMROBIGICEFS LTV A2 H 5. Dbk
D, KWFFETILFE AMPK 25, 82 L 540
PERD A 7 & DN AR IR 0 53185 12 27 5
THWUREMEZMETT A L2 HINE L7z, B
FFRIAMPK a 1 K3 bAA T 1 7ERMEKH
583 (AMPK-DN) <7 A7 & N ICH AR <
A%, HESHEEBEZ O NZIREBIFEIC DI T,
IAEERL 7. GEEOMAMIRRT %, KE
ZWEL, HELARA@BhEgE T o7
L7z, AMPK-DN~ 7 A Cl%, #EHIILE) HElE
PR E = O % & ORI 5 B S T 0 %
BRINASER S BNIEES LTz, —7, SEBhC &

LHEUT YN v a— VARG T 5 N
I hav Y TY— -0, BHEME LY
AMPK-DN~ 7 A |ZCRIEETH 72 LLE LD,
EHEAH AMPK (ZE 812 X 5 PRk o= -
BERERIBIGICH S L TV A T EAVRIBEN 5.
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5, EE)Z X 2 BEIRIHER D 5 TR % B 5
DR 22 3R P E ST 2w,

B 1% #ly @ 5'-adenosine monophosphate-activated
protein kinase (AMPK) 13 & P&EH) 12 & 0 iGMEAL
THIEN, BEELRSTICE ORI THS D
Lo TS Y BRI 2 AMPK a
~ U AL, EEIFEONRIERA A S s 2 L
B STV A AT, B HH AMPK 1
AR ORHELE b3~ A4+ A
OFEBBEES L TCWAZ L2 E R -
Tw2 Y. Gt T, MEEI ) HH4ET AMPK 0
AR, BEEPHEOS F#EEE 72673 2
& THUER RN RZEFG L T AR EZ b
B, FRCOW BRI ARG S Tz,

DLE& D, AW TIEEHH AMPK 25, #E5)
2 & PR R 7 & NS AR AR O 5318
IMCHFGT A WRREEME T2 2 HIWE L
7z.

1. EBAE

1.1 EBREME S CISESHTA

8-10:Hiw, HEVEDHHEHIFFERAAMPK a 1 F 3
;b ATT 4 TERAEFFEBL (AMPK-DN)
YT AL L ICHAR (WT) ~7 A% HWT,
H gt RE) % i3 8 (WT + E&)# [n=6] % &
N2 AMPK-DN + 5B &) [n=6]) 7 & UNICIEEE)
T (WT + 2 [n=7] % 5 U'|Z AMPK-DN + %
Fit n=7]) OAREICHE L 72, A OEE A
%, HEZEEL, ¥ KA GRYHEE >
T v LTz REBRIEHRENED D [ HHE
KEFIZBIT 2B FEERFEREIZ B3 2 B 12 HE
FABR AR b N M - BRBE R 7e Ak A 5 R4t -
B BT B R OB - KRR TEM L 72,

1.2 xZX42>70vy b&
FHa IR BT B & 7 7 BEBlE DT
WZixv =A% ry7ay MEERRWE Jar T —
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YIHEH S5 T7 + A7 75 —EHER %N
7z radioimmunoprecipitation buffer 11°C, K1) b1
VEREVFAF—EHNT, BHBE AT FA
LTz, ZD%, 4°CICTH—FT—F =12 XD
FRU 720 B HERR RIS & B v 72 Bk 2 B
L, PR, #OamE2 ML, FERIC 1E %0
WL7z, 35Nz bilEhoy v %y Bk &l
EL, & TNVHTY V87 BHigENREL L
B X IZHEEL 2%, 3FEREDY Y T ILNy
77 —%EAET AHI LT, SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) H & 4 » 7" v
AL /2. Swm oY v 7 )V % SDS-PAGE |2
X 0 4 BE L 72 &, Criterion blotter (Bio-Rad,
Hercules, CA, USA) % H\»C, polyvinylidene
difluoride membrane ™~ & ¥ > /37 EH 2 55 72,
BEHDRX Y TV Y% 5% O IEH . (NFDM)
% & A 72 tris-buffered saline (TBST) T304 7
Oy X7 L7tk 5% 7 V7Y% &L TBST
2RI Z IR 72 TAC TR A > F =
N—pFL7 ZOAYTLy%TBSTIZL D
# L, 1%DFDM/TBST “C 3000 fif % #L L 72 — &k
PLIK (Cell Signaling Technology, Danvers, MA,
USA) LZIRTLIMERM A ¥ F 2~} L, FHE,
TBSTIZCHE L. Sox v 7Ly 2 b5k
#A#E (Nacalai Tesque, Kyoto, Japan) |2 X V) Kt
S, ALEFEOUIRREE (ATTO, Tokyo, Japan)
FHWTHW Y Y87 xRt L7z, Bz
/N v K 1%, Image] (National Institutes of Health
Bethesda, MD, USA) CTEmAfbL 7.

1. 3 —Ktk

I AY T Hy MEIBIT LIRS V]
ORHIZIE, BUT o8k %z 4 L 72 - hormone-
sensitive lipase (HSL, 1:5000, Cell Signaling
Technology, #18381) : adipose triglyceride lipase
(ATGL, 1:5000, Cell Signaling Technology,
#2439) ; perilipin 1 (PLIN1, 1:5000, Cell



—150 —

Signaling Technology, #9349)
gene identification-58 (CGI-58, 1:5000, Abcam,
Cambridge, UK, abl83739) ; fatty acid synthase
(FAS, 1:5000, Cell signaling Technology, #3180)
stearoyl-CoA desaturase 1 (SCDI1, 1:5000, Cell

; comparative

Signaling Technology, #2794) ; voltage-dependent
anion-selective channel protein (VDAC, 1:5000,
Cell Signaling Technology, #4661).

1. 4 #RETEEAR
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R LB, TR 2 EEF R 5 OISEB) A
EL7RIED v e E S # AT & SR L 7
%, Benjamini and Hochberg {12 & % % 5 Il
FEIC L) FER L7z
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2. EBRHER

AMPK-DN ¥ 7 A Cl3:EE I L 5 ORI
HEOWAHPHIH S Tz

4O AWM BOFELZWE L5,
ABMMCTHERZIBE SN o7 (K1A).
FEE FAR IR L Cid, BRI~ Y R

A B
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TIHEB N AL VHBERSAEE I LT
W7z, —J5 T, AMPK-DN < 7 Z TI3EH) 2 &
% F ARG & O A 25 #il S v w7z (B
1B).

AMPK-DN ¥ 7 A T3 EEh 20 5 PR 73-% BE
5 287 B OINASE S W3 S g

TE B Jz OV A% 5 AMPK % 4 A% €2 i 1 4L
WEI R |2 BT B e T 3 5 72012,
WY X7 BoOBHBREMECB T 2 8HEL
WELZ BAR<Y 2IZBWT, E#IZLD
PLINI A& 2301 (K2C) 7% 5 N2, HSL B
L O'CGI-58 D hMEm 3 @ig: Sz (R2A 8B &
D). —7, AMPK-DN~< 7 225\ TI&, &
Fh12 & 5 HSL B & O°CGI-58 DI BB A g%
Niero7z (K2A,D). 72, PLINLICH LT,
AMPK-DN v 7 A CI3EEN I & 2 ZEBUEMAT G
LCw7z (K2C). Mz T, HAEM~< Y A&
FEL LT, AMPK-DN~ 7 2 ORI TIL,
CGI-58 S F # 24 LTH Y (K2D), HSLIX
WAEmE R L7z (F2A). ATGLIZBIL T, 4
HECTHEELRE BRI SN o7 (K2B).

0.1756
0.9681
0.0082 0.1260 — Sed
== Ex

i

X1 fREZ S R FAE ARk E R (%4KE)
eWAT Hi5E AR AR, WT: B4~ 2 DN:AMPK K 3 5> b 77 1 7ZEBRIEH ~ 7 2, Sed: IEB) B,

Ex B #E, eWAT :epididymal white adipose tissue
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BRI 7 & N2 AMPK-DN Y 7 2 1235 W C,
SC I N R V7 g I m e 2 91 39
y Xy oMM SN

TEE) K OV H5 5 AMPK A% % A% 10 1R D5 #L5%
M) T ) e u— VAR T R
WEts 272012, BEY ¥ 87 BoB el
MBI AR WE L2 BARZS N
AMPK-DN~ 7 ZDMFIZHBWT, HEEIZ L S
FAS 7z & UNIZ SCD1 O FEBIs A g S iz, —
J7 T, AMPK-DN OF3LIZ X 2 5283 S e
Motz (K3).
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BRI 7 & N2 AMPK-DN Y ™7 2 125\ T,
WIS L DI bV FYTF X7 EOBINHE
gans.

TR Y K OV 5 AMPK R 9% 208 145 i 15 #L kR 0
I PV TAESRICRITTEEERET 57
W2, I VAV FYTY—=H—TdH%VDACD
HEIRMHEIC BT 2588l E 2 e L7z, B4R
75 WICAMPK-DN Y7 ZO M FIZBWT, i
B2 & 5 VDAC OFEBIE M g Sz (H4).
—F, BEFEIC X B BIALENIBR SN Lo
7z.
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3. & =

REFFEAER LD, B AMPK X, HIEME
TEE A HEIRHRE R O % 6 NS, |
E RO BRI 0 A R B & > X 7 H D 5E3
BN IICES LCw b 2 epRah, —

75, BESEVEEE)C X 2 PRk M) T v
W 7) a — VGRS E & X 7 B ORI
BN, I hay FYTAAGROTUAEIZE L T,
B AMPK OF G- BE Sz o7z Lk
X0 ARBFZEE, B AMPK 25 E) 20 (I
BEEFAL#R O - FERERYEISICBIS- L TWwWab 2 &
RRWE L7 CHRME R RO,

RWFFEIZ BT, EHH AMPKIG X, HIE
PEEEN A ) O BRI E R OIS L
TWA I EATRENT. ZoMFE L LTid, OF
¥ 7 AMPK 7 & N2 F it F O AL X 0 &
R ORRERBHTCHEL 722 &, @FHH AMPK
12 &0 B SR BATS O RT-IC X ) F @R
OB ZALD A U, BRMi AT L7z 2 &
DEZONL. HHEIZHEL TIX, &HH AMPK
DPRIEER OHLY AABEIZBEG- L T b 2 &,
N3y R THEEEEIZLO LT BRI HHE
HoOMES T O5H % LT 2 2 L 2SS A
LhoTBY), —EORRPHESNATVEY. —
T, BEOTREMICE LTI, T, B E A
R Ol B AR S ST b D
»®8  AMPK OB H 7% B 5% 5% L 720961377
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LR, fEo T, RIFZETIEE A AMPK
TEORRESS, EENHE D H PRI O 75185
252 2B R Bt L7z,

FATWIZRIC K 0, RN 2 B A 1 AR AR
DRI R A 40D & 2 287 B OFSHL & % 84N
SHDLIEDPWLDE RS> T0E 210 HgL
ZILHLTLINSGFOMIME, 7 RLFY)
¥ EOEBFEEN TS & 2 PR O iR
Wi st % ot S5 2 & T, BB OMERLY
L IRIIBEICE S L C W B TS S 2 12 fiEo
T, ARWFE T35 #5 AMPK 25 5 55 B fik o
Wl o5 A B B 5 N 2 B ORBLICEHES LT
WOTREM A MG L7z, R2TREN TS L9
2, B AMPK (X PLIN] &8 2 X 5 Bihnic
5 LT b 2 EAURIE S N7z, SBATIgRIC L D,
PLINI OB~ AEAh 735 3 VHRKIC X % 5
Wi 5 A5 ES+ 5 = & 19 PLINL 0 @RI 58 B1E
HHEFEO LM A IIH T2 2 EAVREN TS
Wt o T BB AE S BT AMPK O 1AL,
HEIRIHLRR O PLINL O 588Nz 3 726532 &
T, WM RBRIIREEE 725 LT A EEEAS
»H5b.

—HTARBIZE T, AT R p 101,
JEEIZ & B HSL 7 & U2 CGI-58 ~ D 552 1 3 14
O HRTH Y, ATGLIZE L T3S A EH
HIANTWEW, ZOHRHDLIDE LTI, BT
e 2 MO TH > 7-Dlzxt L, AWz T
ZABB OB ERL 22 LT, LYELDY
TN =PRI o2 2 ENEZ NS,
T/, FofboniElte LT, ABEIIBWTY
TANDA ML AR FELCELHEAR 208/ 7 —
V) ICCHEMEES AL -2 E0HITOHN
Lo TUZUTERA=ANDT 7R ADEN
IINF—IKIFET L2 ET, EEEICEIELD
TWALWEEEDH A, LX), @t 7
YA XD~ A% T, £~ R4 7B E)
BmE2T5ZEDTELERRICT, L0
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LRGET R E T 5 LEN D D,

TR & AR, BRI I ba v FY T
S, EENZL DM T A ERHLNE L > T
LB g I b3y FY T, TR
F—RBHFGTLLICEET T AR~
EENTVBT T4 KA 7 F ¥ OFEHHEIE
SLTWHIEHWLLLEL-THY Y
R ZHBERFN OB G R s Tw s 17
RO I b3 v B 7 AEB ORI EEFE
& L T, peroxisome proliferator-activated receptor
gamma coactivator 1-alpha (PGC-1 a ) O'FH&#; T
DD, <A FH A ¥ T birisin 7z 5 I B
-aminoisobutyric acid (BAIBA) # 4L C, Ffalii
it D I M a v B THAER G S IINR—T 2
bz 72563 2 EPHE SN TV Y. AMPK
IXPGC-1 a @ LHHIHMH T TH 2 & p 1Y,
AMPK-DN ~ 7 A Cl&, HEIRIGHE O EE) I
I I My B TAEGEOBEMAMEI S D L E
AoNsz, LaLans, AWZETIEEARIZT
LT, FMEEDI NIy N T ~—70—O8ns
AMPK-DN <7 ZIZCEIZ S N7z, 1Eo T, B
fifi AMPK O 1 fig Al C 8175 I ba v FY
T AN DEG1E, ARFZERE R S IoRE S Nk
oz, KO IT—are LT WIEL
7ZIbary R 7Y =5 —HVDACDHATH >
CZENBITOENL. [EoT, HEIRIHED 3
I R)T Y NI S IEETORME
ROUBMICHlET AL LI, S haVRYT
DNA®E%FHIT 2 2 & T, B AMPK A5
PR O FERE % B4 5 73 TR OfEIHIC D 72
DB REEND 5.
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