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The signaling mechanism of exercising enhancing the expression of
gene GLUT4 in skeletal muscle of diabetic rats
ZHANG Hong-xue
(School of Physical Education, Zhengzhou University, Zhengzhou 450044, China)

Abstract: In order to study the role played by CaMKII activated by exercising in adjusting the activity of combination
of MEF2 and GLUT4 and the level of expression of gene GLUT4 in skeletal muscle of diabetic rats, so as to probe into
any possible mechanism of exercising enhancing the expression of gene GLUT4 of diabetic rats, the author divided 100
healthy SD rats into a normal control group which contains 40 rats and a diabetic rat model establishment group which
contains remaining 60 rats, 35 of which were successfully model established. Normal control rats and diabetic rats were
randomly divided into 5 groups respectively by weight: a calm control group, a one-time exercising group, a one-time
exercising+KN93 group, an endurance training group, an endurance+KN93 group; there were 10 groups totally. The
treadmill speed was 20m/min; the exercising time was 1 h. The rats in the one-time exercising groups were sample
taken 3h after one-time exercising. The rats in the endurance training groups were trained for 1 week using the same
treadmill speed and exercising time, and sample taken 12 h after the last training. The author revealed the following
findings: the activity of combination of MEF2 and GLUT4 inside skeletal muscle cells and the level of expression of

gene GLUT4 in skeletal muscle of the rats in the diabetic rat endurance training group were all significantly lower than
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those of the rats in the normal control rat endurance training group, but significantly higher than those of the rats in the

rats in the diabetic rat calm control group; the activity of combination of MEF2 and GLUT4 inside skeletal muscle cells

of the rats in the endurance training + KN93 group was not significantly different from that of the rats in the calm con-

trol group, but the level of expression of gene GLUT 4 in skeletal muscle of the rats in the endurance training + KN93

group was significantly higher than that of the rats in the calm control group. The findings indicate the followings: al-

though exercising enhances the activity of combination of MEF2 and GLUT4 inside skeletal muscle by activating

skeletal muscle CaMK II of diabetic rats, and the activity of combination of MEF2 and GLUT4 participates in regulat-

ing the expression of gene GLUT4 in skeletal muscle of normal rats, it is not the only factor that affects the expression

of gene GLUT4 in skeletal muscle of diabetic rats.
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4(glucose transporter 4, GLUT4)[ZEA"™, XXHAHYT L
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Tl ANVEEE . BEH T FL (electrophoretic mobility shift
assay, EMSA)iE’Wl, BRT GLUT4 JB 3 T X E L
3R K F 2(myocyte enhancer factor 2, MEF2)AJ%%
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#EAL MEF2 Fl GLUT4 45676 PE & GLUT4mRNA ik
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GLUT4 ik gt WA BEH KEUKF, #5517 MEF2
M GLUT4 S5 A0 AR RS2 M IR R Bl GLUT4
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FHENIESE . Mukwevho 53 % B FH 200 M 455 25 19
T Caffeine BFEITE C2C12 JILANMIES/E58 Z A
P I II(calcium—calmodulin depen—dent protein
kinase II, CAMKIL), "JLIGIEENIAMIZN MEF2
GLUT4 25615 Pk i 248, HaX A infbi% GLUT4
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CAMKIIM", $&/R T2 sl ] BEE i H0E CaMKIL i
WEPRI A Bl MEF2 #l GLUT4 45815 PR GLUT4 263k
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1)CaMK 11 BRLIKF-

R BURPUSKAL 100 mg, AR, BABLOEIE
A1 mL B, 7K E##E 30 min, 4 °C 12 000
v/min #:0 1 h, WG, HASERH pierce ARIAY
BCA 5 @ f sl Gl o SRV IR R e L Uk 4 5
H AR 1 (P-CaMKII Fl1 B —actin) , R (1A% 042
AR, 5%WiAs Ry, —Hi(P-CaMKIIL, B
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R, BEAL N 1 min, B2 R IEG. A=Wkl
BT IR, Image J B EEBCER AR K
{8, S5 RUBN KR L ERR

2)GLUT4 mRNA %3k,

KEMEPUL AL 100 mg, WEMEES, 1 mL Trizol
VK HE 10 min, 0.2 mL S5k F##E S min, 4 C
12 000 t/min #.0> 15 min, B, SABURARE IR
#E 10min, 4 °C 12000 r/min 50> 15 min, & L3,
1 mL ARBUCH 75%iKGE, 4 °C 7 500 r/min 2.0 10
min, 3 3%, 10 wL EDPC /K¥f# mRNA, Wi%E 51y
RN A 75 C 5min, 42 °C 1h, 70 °C 15 min,
S R AR R ABL A Rl DOGYUROW IR A AR FR i
F& . MABMIERFE DNA BHE, Fa5ImA
GLUT4 BJ5 |91 B —actin FI514), MEATSERE R, BF
o I L T A . S At ABI S
I 7500 PCR GG, %t i s F A A Ao b
SEML. mRNA FIRE5RUIHER CT At e ",
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WA G SR UL EE 1, Pierce 25 12 f 127
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fii'E 10 pL FRMAR@E wL =2%K. 2 wLYiiEeE
F1.2 wLArcHEEr. 2 wL5X EMSA/Gel-Shift | FEZZ
W) . IMAFRCHE S, 1R2), ZEIEECE 20 min, F
JMA 2 wL EMSA/Gel-Shift FREZE RN, JRAIGSEED
R, HVKHERIEIR 10 Viem &, HIKE RS D
W YRR B IS 2T 1/4 Ab . Western T H
LRI B 0.5XTBE MR, UM L AHRET Bk
HEHUSAREFE AW E SRR e e ., E5h
ZEHRAN 254 nm EEAMIE K SEHE 45~60 s, FHAEA 15
min, JIA—ERmHUAEY R E R R+ B )
B, FRIR FFEEN 15 min, JEWEE 4 G, W%
B, AR IKER T AR, Image] FR1FEEL
BEHMB KA . S5R DA IR BEE R LA RN
1.5 HiEgit
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I 1. K2 B, ER RO PRI R B — K
PEIZZhZH, CaMK 11 BERRAAKT- 54T BZHAH e 43
FTHE T 96%F1 140%(P<0.05), TF % R KM R K
FR—Us3+KN93 41, CaMK I BERAL /K P 5—Wk i
BHHA IR T 37%H 48%(P<0.05), H 5%
U] R A Hb 22 S35 (250.05)
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5 #t A, 1)P<0.05; 5—kikiEzhmmt, 2)P<0.05
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2.2 GLUT4 EEXRILE

HIE 3 F i, T R B — I iz s L A it )
YIZRa, B IL GLUT4 K ik it 5 2 Fot BRAUAH e
STHE T 54%H1 172%(P<0.05) . — Kz 5+KN93 4H ,
HHNL GLUT4 FENFRIE 85—k PRIz S 24 A LU REAIT
T 27%(P<0.05), it iUIZR+KNO3 41, Bl GLUT4
SEPR e ik i S I SRgLAH F AT B3 25 5(P50.05),
BEIRIG K B — Ik s 34, Bl GLUT4 B Rk it
5T FRALAR LA 135 25 5 (2>0.05), i 3 Il 2k
21, BNl GLUTS JEPR 3 5A 5 5 1 5% R e 7)1
LM AR T 36%(P<0.05), 185 2250 B A L T
T 145%(P<0.05), 1S3 IZE+KN93 4, H#§IL GLUT4
B Feih e S TN ZRA AR FEREAIR T 29%(<0.05), {H
5 A LA TR T 74%(P<0.05).
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3 GLUT4 EFRIEE FEFE)

2.3 MEF2-GLUT4 44 3&MH

K 4 F i, X IR B — Wtk is sl K )
YIZRLH , Bl MEF2 1 GLUT4 45515 15 22 ont 1R
HABL A IITHE T 113%F1 244%(P<0.05), — iz
+KNO93 4 , B/l MEF2 1 GLUT4 &5 &3t 5 —wk ik
BB A FERRAR T 429%(P<0.05), i F13I125+KN93 4.,
B HEIL MEF2 Fll GLUT4 45 G361 5T 3 I ZR41 40 L i
A 0 EH2E5(P50.05) 0 BEIRIF R —IR Iz s, Bk
WL MEF2 £ GLUT4 4553 1 5 & ot BRAAH LU IR ik
225 (P>0.05), T IR, B850 MEF2 1 GLUT4
SEATEME S L BRAAE LS T 157%(P<0.05), i
FIVNZE+KNO3 41, B8l MEF2 1 GLUT4 454361k 5
i ST A LR 1 519%(P<0.05), H.A5 225w B 20
FH A 3 25 5(P>0.05)

o R R A +
432
$ 1)
2240
1
= L6t 2) )
& 3
%o.s- B_ J_‘ )

0
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5t Batat, 1)P<0.05; 5—kHizshatark, 2)P<0.05;
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3 Tt

GLUT4 15 g B B L 48 0 0 B T 35 ) T B
BEM, DIER TR RS B E
TR T TR R R, B BRI
(i R, G E T SRR GLUTA SRR 1
Fik, W AIE B0 I 8 2 HRHT OB TR R B L

GLUT4 Fr it &= A AsE i WE . AR S5 K BUH PRI K
W1 h BGEsE, Hasil GLUT4 SR Rk s ik
AEETE, mER G2 )G, HEsIL GLUT4
LR ek i B AR 251K T 1 X RO RO i
5 5B R R B AR L E A B E T, 3R
T BRI — R MEE 2T BRI T A RE SO M PR R R
L GLUT4 RIRAEREE , H 2800 — e RHI R Il 2558
S Al LR B O R R K B GLUT4 3 R R MR,
TN 13 B AT I S R AR OA FHEAE T, EHLH
AN AE

MEF2 i P e B # VS L IR — R
K 8l . B T-alhee e 8 i i 3k R 2k i A
JOT o I AT Rt S AR AE AR 1 I 9 1) S R e S TR 7
MEF2 f1 GLUT4 J3 37X MEF2 &5& (iS85 4, A
GLUT4 Z& (55 STz BRI T AP AS R 2
FIB AT DNA S5 4T MM, Smith 2% 5T 1Y
YR Tissh)5 MEF2 Fl GLUT4 45490 Pk i &4, 2
/N T iz sl 4 MEF2 F GLUT4 B 45 A e PE 2
HEENL GLUTA (U35 o ST PRI K BRI, ARSLE:
KR I ghZ ), Ha L GLUT4 FRib4e s 1)
(i) sf [ A Bt 1 6 LA B A% P9 MEF2 T GLUT4 2545
TEYER R, PR T iE shiRlARE a4 E R R K
UL MEF2 F1 GLUT4 454036 Ve 42 e 3 6 L
GLUT4 [k . iialse il R KB 1 M &2 50
J& , MEF2 #il GLUT4 25415 2 GLUT4mRNA Kik i
Y5 A T 3 25 5, FTRE il 42 4L 1
E— 25 HE

CAMK J&—28) {2 50 AR 1 22/ 95 S R B 1
%, 5T s CAMK ITi6 15 THR286 v 5 YRR fL
JKF- 5  BE TEARDC™ . A h KR — kM 512 50
&, BHEIL CaMK I THR286 v iR /K- & T
=, SRR R s T LIS CaMK I 1&AH
— 2™ ARG, 128+KN93 ARk Gis
BE, HEAL CaMK I iEME B BTG shdl, Ui
BT KNO93 #ii| Tz shxf CaMK I B3G5 FH™
Smith " HIHIFE KB mEILBEATE CAMK 11 15k
(constitutively active) (L4, H MEF2 Fl GLUT4
AT R E S T R RS W CAMK 11 K3 (dominant
negative) 1 I 4/ . Mukwevho " IOBFFEL & B, F]
H Caffeine TFH & C2C12 WS40 CAMK T1 151,
RIS E AL A% N MEF2 F1 GLUT4 25 636 1 B 5
i, AR BEAE R SR I CAMK I 3E M0 il 551
KN93, XAAEfIHA, $2R T CaMK 11 ] GBS 51815
EHIESN MEF2 F1 GLUT4 Z543% 1 GLUT4 335
BRI, ARSI IR X IR, 1 R G E s
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+KNO3 HE B ILANAEAZ N MEF2 Al GLUT4 fY 25 &35 7%
SeB BN GLUTA B ik i 3 W 0 T 1 kMMl iz
A, SR X AT 4 R R — 3

Zheng S5 GLUT4A & 75 EWEILAE L MR 75 3%
R e /N BB B LA, R IR Y & F GLUT4
JREhF XS MEF2 256000750, R IR R TE 1L
B 25 IR (S” —AMP activated protein kinase, AMPK)
Y25 B T5 7] AICAR(5 —aminoimidazole—4carboxamide
—riboside) HI /N A HENANIES , A GLUT4 HA R
P S R B S S R T B 3 i . F—25 1 EMSA
S &I AICAR A/ BURHS WLAT A% N MEF2
Hl GLUTA Z5 A0 Ml 8 3 = TAE B KR ™™, T
AICAR JfAZ AMPK [RERPERE R, FRATLAER
S MG R AR il - AMPK 1 R 2 R/
B, ZBHT AMPK a2 R, 1hfigizd)E,
AMPK o 2 = RN S B B LA MAZ N MEF2 Al
GLUT4 Z5&16 1 & GLUT4 N FihE, Y HEA R
B A B HRALFRATHEN, CAMK 1T Fil AMPK
Al RES 5T T iz 85 MEF2 fl GLUT4 255151 &
GLUT4 JERZFAMIG L, M —ANE K32 24
TR, 3 A i T el E I T 2 40 il 3 ft
X} MEF2 1 GLUT4 25 51614 & GLUT4 SR 58110 77
YEM o BATUMEMSLIZER AMPK o 2 JEP R/ 4
JEe 1), AR L MEF2 fil GLUT4 45476t & GLUT4
FER Sk i SR 2 A T AR S i
JIINZR+KN93 2R EL, HEsIAEAAN MEF2 1
GLUT4 MZ5EIGE S B #5 L GLUT4 BE[H 3Rk & St
TGS BEESR, ATRE IR AL T 3 —
A AR

X THE BRI R BRI, S50 % BT 7)1 2R+ KN93
LB PR R B B LA M A% P MEF2 Rl GLUT4 1256
TEPE R EAC TN AL, R T s sh kR i s
PRGBS UL CAMK T 177 42 5 B B ULt A 79
MEF2 Fll GLUT4 W45 A6 e, AR B A2 AR it
FIVNZR+KNO3 ZBH IR K B # LA A% 9 MEF2 Fl
GLUT4 (4551 ME S 20t IR A Lo 0 B 22 5,
(RO L GLUTS JEPR ek i 55 2ot HRATH LA
WETE, PR T TR K BOR UL, MEF2 Al
GLUT4 (W& A AR GLUT4 Fak infE—
MW, SIEHKREBERA—E Thai "WML
B, @R GLUT4 Ji shFIX 38 MEF2 &5 507 05751,
HR GLUTAmRNA b &4 sk, B4 8 FHE R
KEL mRNA RiKKF, $&75 T GLUT4A JH 3+ X ild
PG R RN FE GO, R ST 5
BEASEE AT GLUTS JER %% 5%, it DNA F

HNRIEEE T, Oshel™ RFSE &3, £ F GLUT4 J3 5l
TRk, KEEH 60 X (=712/-772) WL B, HA
90% L I B[RRI, HE b X 3 ] BE A7 70 2 S [N P 4
A0S, Ed#E—1 DNase | JEBSZ560 04 290,
=742/-712 BFEFFHN R R A H B AR S 245G,
Oshel B BEF S 4% Domain 1 X, FIf GLUT4
WK R BEHR A FE N g c2c12 LM, ke PRE Yy
Domain 1 DXIBRHE - BEi, 2GR MBS 1,
UL R BT GLUT4 Wik & HEEH . B
Oshel F|FHEEEPAAAEH AR TGEF] S Domain X 51)
IS EE A, IR DR 45 GLUT4 3558 K]
?‘(GLUT4 enhance factor, GEF), HA |, IEHE GEF
X GLUT4 ZER TR IR A RIR L, Fn EASE
YOS A T E B LA A% Y GEF Fl GLUT4 11
EANETE, BTUATRATT AN GEF nIBES 51 T
455 MR PR K B GLUT4 LR FA 3, I DLk
g R 1 U 25+ KNO3 21 K U B LA AZ 9 MEF2 A1
GLUT4 &S5 16k 52t IR A U I 5 25 53
MAEEEAL GLUT4 JE R Rk i 5 1E 5 0 I A 1 2
Fhir, BARYLIA Rtk — PR .

12 B30 S P A KBRS L CAMK T 17744 /5
HA BN N MEF2 1 GLUT4 25 &6, Bk
MEF2 Fll GLUT4 W25 &GS 5005 T IE# KBS
WL GLUT4 JE R ZR3k , {HIFASZ R M s K BB a AL
GLUT4 R IR ME— A Z .
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