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Molecular mechanisms underlying exercise training-induced metabolic memory in
skeletal muscle
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Endurance exercise training induced glucose transporter GLUT-4 biogenesis in
skeletal muscle, leading to improved whole-body insulin sensitivity. The purpose of this study was to
examine the hypothesis that individuals with a history of previous endurance training can easily acquire
the metabolic adaptation in skeletal muscle on retraining. This study showed that in rat skeletal muscle
that had experienced endurance exercise training, GLUT-4 gene was upregulated rapidly in response to
acute bout of exercise after detraining. These results suggest that effects of previous endurance
exercise training can be retained as “ metabolic memory” or “ muscle memory” . The results observed in
this study also suggest that histone hyperacetylation may not be involved in the endurance exercise
training-induced metabolic memory in skeletal muscle.

GLUT-4



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

b b OB RE IR BB ER ST Tl e
<, BERFICE2EELEBIZIT5H, 20
BREER I K AEIT, — kDb o Tid
<, ZOREBERTNEY BRI H%ZTH, M
JANIZ RSB S, £ 0% OMHERE
\CHEBE RIT Lkt 52 EDNITER LML
oo TWnD, FlziX, MBIRHISH AR o
FERBEOEW, AN T 2 HHEE R
DRBRITEB L MIET 2 L0, @EOMmbE
oy bhbo—/LOR LUELNEDO%OERE
RIEONRE AT D LR ER, ZORE
Bl LCHETFOND, ZOX ) RBEIT, A
ZARY v 7 AE Y — LRI, FRICREEREE
L OEE THIZENEND ATV DAY, s
BELIAMC bR RE I K& A B % KIET
K7& LT, FREE L —=2 T RET S
N5, HES L —=2 7%, EEN TR
KONE#:TH D FRHORBEELZ KX
&5, LER-T, hL—=7I0k
520X EE RO E L b5
DO TEHMICGEE SN, TO%OMHH
ECRE R B L RIETAREMERH S & &
ZHhbd,

AR—=VEFOM T, AL —=1
T EHETREr L. e ER DRl
ThH, WEEZHRET S LELEIOR ) - HEE
TR REES ) L) 2 & BRI
moEnTnWez, 2ok —=0 %R
R L72% T b L —=2 7RG
HOPRICHRESNDIHRIL [~y AV AE
U— (HAORE) | EMFERTHhD, 20
ZEnBh, blL—= U TORENEEGIC
D &V BRI TR T, R
MEBED WIS R IZB W T HIEET 5 Al fetk:
PIRIEBZIN D,

HRES L —= T 21T &L BRI
BT GLUT-4 & FRiEN 2 FEs s (8 A3 BN
L. IMBEOMBERE 23 M B35 Z LR b
TW5b, RIFETIE, hL—=v 7 RBEA
THEKH T, TORENE-TEL, k
L—= U T EHET TG EIC, N
GLUT-4 3HIM L., PEREBEEZ VD TH BAF
IREEA~NE T IIEZLND L H1C7 - T
NWHTHAI EWVIREANTT, ZhadmMi
GFTAZ &L LT,

2. WHEOHM

(1) BiEB) L —= 20280 Bk
ORHHIEREIZ~ v AV A U — TR
ENDDONMFET D,

(2) BRER L —= 72k > TEK
ORBHIEBEICTER ST~ v AL A E
U—D5F A = X LZfRAT 5,

3. WrEo Ak

(1) WFFEiE 1

ML —=2 7% LTV EORIENE K
i OREHEREIC IR SN TR Y . BEEEEE W
OTHEFRRE~NEESCHIIEZOND

X2l TnD, EWIHREEN T, I
ERRETHZ L & LT,

1 H 3EERIOKIKGER) b L—=7% 10 H
WM THE7-F v b (Sprague-Dawley T »
) &2 1) b b—=0 T EBZITHRHNZ1T 5
B 21 EEOB N L—= 2 R 24T
ARE. 31 EAMOBL b L —= 2 I —
WEPEOKIKIEE) 21TV, OB H IR &2 1T
IR Tz, ) & 2) DR LTIE, b L
—= T EELATbRWEEED T v M E
arbha—AfEE LTI, 3) DRI LT
X, hb—=u7%22{fThb2\T v k&,
N == T BITDRWVA, K&RIC—iEaED
IKUKGEEN 720 247 5 B2 el g & L C
BT, MEETFIZTEREND T v Fvb K
GEEBN CEICEIE SN AR BEHO—
THDHIEHE L ZHMH L, FEss GLUT-4
DHENRNIHEBEE VT AZ T yT 4
U TVEICTCHIE LTz,

(2) WFoTifeE 2

HEE ML —= U T AEEGA XA
I AEY—TBRD A = XL ERET 5
ZEEAME LT,
RBEBREICLTERENIZAZERY ¥
I AEY—DHFAI=ALE LT, HET
YR T 4 7 ABNEHEIN TS, =Y
T XT 4 7 A L1, DNA O RS D2 &
PED7e\, R BEE & (DNA A T L
b, B R M ALFERMR L) ICKDBE TR
oz L Thv, BRER T ~DRENT
vy aEfiE LTCREBESND EEZLR
TW5, HATHFZEICB W T, FEWNRE B IRIE
e chEn=7 v Tl BTG GLUT-4
BETOTmE—F —fFHIKICBITSHE X b
v H3 OT B FALD BRI BT b
LTEBY, LY GLUT-4 BB D3H
FEOMKT & BT HERBEO BTSN
STWBREEMENRRIBIN TS, ZIHD
FATSE D RIC S & Fxld, FL—=
VTR, B A R DT v T EEI
WZhlmo> T L, ZDREE GLUT-4 EisT+
DPEFD b L— = TRk LTS
WINETE D (EeNTIBENEH LS
%) REEIZ/R - TND, EWVWIRGER AN TT
i1 2 RS N D

FFERRE 1 C GLUT-4 BB 42 L=
ity 7w (7> MEEER) ZHWT,
EX RNy HS OTFF I EEZYZRAZ T
0T VRIS LT, £72, GLUT-A4
BRTOTRE—X—fHERIIBITSE A
VDT v F M EO BB R RIS
A=, 7 a~F omEEYE (Chromatin
Immunoprecipitation Assay : ChiP Assay %)
Z HWT, GLUT-4 Bin 07 v ®— ¥ —fEi
BT 7EF ke 2 b rEmERIE L,

(3) WFICRE 3
AR OTEBF LR GLUT-4 DFHBLFH
HIZBE L TWADTHhHIUT., A&t



MO T TN ETLESIED Z & T,
GLUT-4 MFEBL LT VIR EZEY 32 &
MWTEDHEEZLND, £ T, WFITHE 3
TIEE A o7 vF b E LT H L
DN TWAEETST Y U AEEBET 5
LT, EE N —= L LB BRSO
GLUT-4 MEHIZWMLLT L Rd0nEHI» 0
Z it L7z, Sprague-Dawley RIET v F %
D) dF R 2 BT D8, 2) EEEE T N U w7 A
Z 5% (wt/wt) Bl L7-EiEHERT 58, 3)
WE AR AR L2 2N 5, 1 H 30 4R kik
Mo—=2 7 %E5 BITHORE, DESEET MY
U LAELA AR 2R L 228 5. 3) LREEEDIK
KN —=U T E2ATHORED 4 BEICT T, 4
BT Lz, 4 B OEERZIZHEETIZT
WHELEHEZRMBL, eX o7 BT LR
KO GLUT-4 Z o NI BBl EE VT AL T
a7 4 TIEICTHIE L,

4. WFFERk R

(1) WFFEEE 1 ok

10 H O FL—=0 2 EHD T v MgH
EARIZ I D BEEIER GLUT-4 D& X7 5%
BEIX, 3 ba— BRIl TR 2 A E
WCEVMEZ R L7z (X 1-A, p<0.01) 23, 1
B OB L —=0 712k 0, GLUT-4 BH&E
Tar he— B ERBEEICETHE DL, 2
Vb= VEEOMICABERENRD LI
{7po7= (K1-B), 1 EAMOM ML —=7
BIZTHE —\BEOKIKERHEZIT-72T v b
T, 2 b — VBRI THEIZEH W
GLUT-4 &4~ L7 D%t L (p<0. 05, % 1-C) |
M —=V RN 72 < — M EE 21T -
2207y FTiE, iR PEEE) % O GLUT-4
BOFEREINIZED Snir-o7= (M 1-0),
LLEDFERE NS, PL—=r T2k »T—E
GLUT-4 2530 L 7B R Tk, Bl b L—=2
TIWZX 0 Z0MIEHEELI-ZELTH, HE
HEIE S Mb > 2 HE12IE, hr—=27
NRDFETVIREL o TS 2 8, T72
bHbAZRY v 7 A —REHKINALTH
B A[REPE DS R S Tz,

rL—= Sl BrL—=2T% —BIEEH %
~ 25 25
3 A p<0.01 — B
< 20 20
z
g
=
8 15 15
£
s
§ 1.0 1.0
a
I oos 05
2
=
[}
0.0 0.0 0.0
B el whe-r WD WL VMR R

—alEE R

X 1:10 BfoKEK L —=7"_ 1 #BED
hlL—=27BIOWN L —=2 %D
—EB M DO KIKEEN D T > b F RS O R
A GLUT—4 FE 8 B KT 28

(2) WFFEiRE 2 O

1 B 3B, 10 BEOKK L —=27D
BB IO EB OB b L—= 7% fiF)
EiTo 7y NOBBRBICBIT AT 2T

fbe A b H3 BEOMRER 2 (TR L7, B
L—=V JEEBIOLEBOM N —=
TH%DT v NMEBHIZE W T, BEICEE
REFRD N2 b DD, TEF L
b ARy H3 BN b — LB R TE
fEZ R EHmICH -7 (P —= T EE
(B 2-A) : p=0.06, i hL—=271% (X
2-B) : p=0.09 vs. =t hua—/L#E), 7o,
TEF ke A b H4 BB L OISR
BWTEBICL > TEET S ERHES
ALTUW= b Z R H3K36 D7 & F LD Sy
Wrzakr =25, 27y MEiB 255 2
ENTE otz

GLUT-4 B+ o7 0+ —4 —fEilics i
AT EF UL A N EBEOEE, s avTF
U E RS (ChiP Assay 1) % FHVN CTHRERT
L7=25, BihL—= o OB Clia v
fa— e OMICAEREZTRD LA
Mol

- FL—=JE#R B —=2T %
S 35 35
< A B
= 30 3.0
s
o
T 25 25
8
o 20 2.0
F
2 15 15
8
5 10 1.0
I
> 05 05
o
£ 00 0.0
avkbo-m =y avko-p =

X2:10 AKX FL—=07BIWN1H
IO F L —=2 7 R%IZBIT 57 v MEK
HoOTEFlbe AN H &

(3) WFTIRE 3 DR R

Wz E LG E2ER LTy b
BT, TEFULE A Ry H3 BAA
BICEWMEZ R LTZ, LT o T, BERREIR
WL ERGIZBWTERA DT BF L
{ENTLHET D Z L3RR T 7=, WFATERE 3
W28 D GLUT-4 B EOREREZK 3 IZ/RL
oo RLEDEOHT ORER, PL—=2 7
XD FEBERPBOLIL, FL—=2712 K
O ERATD GLUT-4 NHIINT 5 Z & 23R T
7, —F., BRBEBIUCEI 2R LB LN
7223, BERREBIUC L VB O GLUT-4 Hte
LABDT A ENRHLNE o T2,

qumqngum

14

= Control
= Butyrate

1.2 4
1.0
0.8
0.6
0.4

0.2

{

GLUT+4 protein content (A.U.)

0.0
Sed T

Yy 9

Exercise :p<0.05
Butyrate :p<0.05
Interaction : n.s.

K 3 FABREILE N L —=2 TGO
GLUT-4 J I JIF T ik



PLE, AFERE 2 B L O3 OfE RN~ 5, b
L—=V 7 K o TEG OREEEICE
RENTE~Y ANLAEY —DRAH=RALIT,
A RO 72FMGIEE S LV ATREE
DEWNEBZ BT,

5. ERFERLHE
(WFFEAREKE . AT 3 K ONHEERF 83 1
ERN Y

Udessam ) GE 5 1)

(D Shin Terada, Seiji Sekine, Toshiaki
Aoyama. Dietary Intake of Medium-
and Long-chain Triacylglycerols
Prevents the Progression of
Hyperglycemia in Diabetic ob/ob Mice.
Journal of Oleo Science, 2015 (in press)

(Emef)
DOI:10.5650/j0s.ess14287

@ Yumiko Takahashi, Yutaka Matsunaga,
Yuki Tamura, Eiki Urushibata, Shin
Terada, Hideo Hatta. Post-exercise
taurine administration enhances
glycogen repletion in tibialis anterior
muscle. The Journal of Physical Fitness
and Sports Medicine, 3, 2014, 531-537.

(&EHA)
DOI:10.7600/jpfsm.3.531

® Yuki Tamura, Yutaka Matsunaga,
Hiroyuki Masuda, Yumiko Takahashi,
Yuki Takahashi, Shin Terada, Daisuke
Hoshino, Hideo Hatta. Postexercise
whole body heat stress enhances
endurance training-induced
mitochondrial adaptations in mouse
skeletal muscle. American Journal of
Physiology, 307, 2014, R931-943. (&%t
A)
DOI:10.1152/ajpregu.00525.2013

@® Kazuhiko Higashida, Izumi Tabata,
Mitsuru  Higuchi, Shin  Terada.
Regulation of skeletal muscle GLUT-4
expression by exercise and nutritional
stimuli. The Journal of Physical Fitness
and Sports Medicine. 2, 2013, 355-360.
DOI:10.7600/jpfsm.2.355

® FM__H. EHA—Z EERECES
WA RE D, 63 &, 2013 4,
608-615

(Fa%R) Gt 3 )

O FH #H. EHEFORENRBHHC LTS b
L—= 7 RO S BIEEI IR
LS. 2014411 H 8 H, 1AK% (R
AL - TAREX)

@ BFifER, R —Z, FHH, BERE

BUAS B A4 A1 51 2 RS A GLUT-4 %8
BRI KT, 5 69 8] B AR 2
SR, 201449 H 19 H, RIGERT (K
WRF R+ SRl i)

@ FHE H. BRGA AV SRR
TOHRFFILEONE., HAREI(YES
2014 FEEE RS, 2014 4E 3 A 30 H., BT K
(AR BRI TT)

(£ Dfth)

R Aot
https://sites. google. com/site/shinterad
alab/

6. HFITHEAR

(D) AFTEf s

JEM  %r (TERADA, Shin)

HRKZF « REFEBERE UL TER - HEHd%
Mot &ES: 00460048



