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CaMK 71 AMPK E 5 BiEgE LA da5 S
ESHE AR GLUT4 R E

FRRA D[RR D
O UKD B P B TREESES, S 610041 2 IRASA T2 BUERIE ¥R, WAk 610041)

WE 5/ 458 Z WK 2 0 (calcium-calmodulin dependent protein kinase, CaMK)F1 i 15 B 3% A4, 25 11 4 ¥ (AMP-activated
protein kinase, AMPK) BT/t 3 W5 51 1% 44 68 18 15 12 30175 5 10 B 1 UL 400 1 4 25 B 4642 78 19 4(glucose transporter 4, GLUT4)%: ]
HiE, EAREBIXPILEB NI, &R (Caffeine) Fl 5- LK ME -4- FF I A% M A% 15 BR(ATC AR) FERSUUL AT WAL 4
5 I WIS CaMK M AMPK, XKWL Caffeine Fl AICAR 51#2 K] GLUT4 JiE PRl ¢ 74 3 742 r i Y 4% 30 I 1) A 22 T 2R
JRAXE: F2 WL AM B b 4 g X . AICAR. Caffeine. AICAR/Caffeine. Caffeine+Compound C. AICAR/Caffeine+Compound C+
AICAR+KN93. AICAR/Caffeine+KN93 £. Sz4% §75, AICAR Al Caffeine fig 4 %) b i GLUT4 mRNA %) 2 £ F1 3 f%(P <
0.05), AMPK 11§57 Compound C G % W &5y /> i1 Caffeine 5/ i) GLUT4 mRNA ()3 K (P < 0.05), tHAEHS I B F{% i
AICAR/Caffeine H 435 #2 1 GLUT4 mRNA (% (P <0.05), Ht—8=, Caffeine AE5ENA L AMPKal & [ R
LRI (P < 0.05), {HANFENT AMPKa2 HIBER2 1L, Compound C AEW 3t Caffeine 512 ) AMPKal 5 F BERE1L(P < 0.05).
HH % CaMK 45 5 (1405157 KNO3 58 4l B Caffeine 512 (1) GLUT4 mRNA 4K, {H KN93 HIRFERE XA B AICAR fit
¥ S GLUT4 mRNA (134K (P<0.05), L ABEF 1 AICAR/Caffeine & & 31357 5 [#2 f) GLUT4 mRNA [ 1% (P < 0.05).
kg RioR, CaMK Fil AMPK {E AT UL ML GLUTS SR vh JEAS 2 58 A AH RO 1K, M2 0% sh 2 DI R L REH,  AMPK
AIREA T CaMK BRI R AT W 4L 40 il GLUT4 mRNA [1)5£35.
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resistance, IR)!4. WK, 412 K A
(glucose transporter, GLUT) 1 57 1145 41 Jio 4075 25 b
5 IS 3 N PN s S P L 00 ek T 257 M 1 D e
PR BRI, 7 GLUT X0 1 8 0 GLUTA4 J2 it
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AT 250 B (i 52 e 2 8 St 3k A Ay 3 AR O
THER s BT . L GLUT4 O LR
L RBIER. % T “iszhil T GLUT4
PRI FTEUHIRE SRR A R R A 25 AL, F
G IR R IL HE S Al Ty B

WEFER IR, A5/ 8 1 2 O B O B
(calcium-calmodulin dependent protein kinase, CaMK)
FIRRAFBR G A0 5 11 P (AMP-activated protein kinase,
AMPK)FT /2 (5 51l %, SRea 3 i 5iz) /
JULPIWSCA 5 6 B UL AR i GLUTA (1) R ik
(EANT B I 4515 5 /LT 5 GLUT4 kPR il
PR ELORAR. T 4515 5 1R T il H S 4R )
RS NS PN B S RS B R )
GLUT4 JEPR R A A B . (HIE LA
X i B L0 A S R R BIF UK, CaMIK Rg
A PO AMPK A 5 JULAN 0 A1 26 0 BRI AT
FUBRBE B H VLA LA oL AH AR A5 A% S L SR
g/ WU AE 5 51 GLUTS JERI 0. 76 254k
ZAFF, Wi R (Caffeine) FT 5- G ik bk 4 -4- FH Tk
1% #% Wi ¥% F B& (5-aminoimdazole-4-carboxamide-
1-B-D-ribofuranosyl-5-monophate, AICAR)f& % 73 )
BLALL 32 By I UL A AC 4 5 |2 DL 4 B 5 (Ca®) 388 oA —
IR / — IR IR TR (AMP/ATP) LLAE (A8 1k, 1T 3
i CaMK fll AMPK BT/ 3 (045 5 il %, JE T,
AHIFFE 1 OR8¢ CaMK FIl AMPK {55 38 % 76 1
HI L W 46 5415 5 Caffeine Il AICAR HIJ 35 |
(K1 B ULAN L GLUT4 ik PR 8 i e P X P 45 5
WAL I AEIBE AR . 3X O Bk FIIE R H 97 R
V1. EERA . BA ZRRIT B sy RpE IR AL
2P ks, BAT R L.

1 MR57FZE

1.1 it

Hams F-10 15775 . $iE ZE (Antibiotics). P
%% % B (Fungizone). 0.05% Trypsin/EDTA (1 x)-
L- 22 % Wt (100x). DMEM with GLUTAMAX-I.
Alpha MEM. DMSO ¥ T~ 3¢ [E GIBCO 2 ] ,
SKkGM i T~ Clonetics 2 ®] . X ¥ 5% Wi i 71 &
(Promega AMV Reverse Trancription Kit) 1 T
Promega A #]. $HT AMPKal Fl AMPKa2 # 1 $i
A&, $1 AMPKo 1 18 46 T4 T+ Abcam 22 7] .
Compound C i F- Merck /A 7 ; ECM. AICAR,
Caffeine. KN93. A3 T Sigma 24 +].

1.2 EERINHAEESR

1.2 EHEVLANI > B AR R, SR SD KRG I
HHLA LU0 20 ml ARFL /4 ] Hams F-10 £5 77
¥. 7E 10 ml Hams F-10 37 7% 289G 3 Wk, A
Vese)a, #e 10 ml #7 Hams F-10 55350, S0
R LRRIR . M4 A RS 45 4h 41 22 Al
WA, BBt 5 LR AL UL, N 5 ml
0.05% JEE I /EDTA, Wi%7E s LA4IZ, FEf
FH KA D R B LR 2300 38 it 1 4 /NI IL R
BYRG 1 mm® e IRULRIRER TS . K DI IR UL PR ZH 2R
B IR — R R A B — AN &0 H 10 R 3R (50 ~
100 ml), Ji A 10~20 ml f#) 0.05% Trypsin/EDTA
FIEFFEQ20~ 50 mg WLAZLZE, A 10 ml; 50 mg
WLAZHE, 20 ml). K BiRRFRmBCER G L, =
VLT, DMK R4S 20~ 30 min.  WoAE IS, Y
BN 10~ 20 ml ] 0.05% Trypsin/EDTA, EH & It
BB RORCEE B 1) B W (30~50 ml), A
FBS, JFAlifG FBS MR 10%. fH 100 pm
(A0 M B I U8 FE W, AL, il
T K vEJE ) EIE AT 1600 g, 7 min 15
. L EIEW, A 5 ml SKGM & i 41 B it
. OB A AR IR E M 25 em? K R, AE
37CHFE 25 min. KA A UL i (myoblasts) )
5ml B IR N T4 ECM 382 16 25 cm? 85 55
. 75 37C, 5% CO, 1 NE R4, 7E% 2 R
BRI, DUE— R 2 k. 0T 25 em? B
FEM, M 2 ml SkKGM, 75 cm® B M, A
12 ml SkKGM. 41l B35 51 60%~ 70%H 144X

122 “FHREREIEEGRE. 6 AMFEA KN i i
[A] — A~ k¢ A 1) 40 1 5> 24 Control, AICAR.
Caffeine. AICAR/Caffeine. AICAR +Compound C.
Caffeine+Compound C. AICAR/Caffeine+Compound C.
Caffeine +KN93. AICAR+KN93. AICAR/Caffeine+
KN93 41, i 6Ltk 357% HT- GLUT4 mRNA [
¥, 7 3 A Control. Caffeine fl Caffeine +
Compound C 21757 75 8 F FR AL AR AT HE IR T
F1J5 AT, 40 B 4> 6 5 AICAR. Caffeine £
AICAR/Caffeine 4143 7 I\ 2 mmol/L AICAR FIA
5 UL4H M 45 ) 3 mmol/L Caffeine 43 H & 2 h
Jarib, 12 h JEWER 4. #H7) Compound C #
AE 5 W NN AICAR. Caffeine. AICAR/Caffeine
Z AT 5EA#H 20 wmol/L Compound C % 30 min Ji5
TS 0 X LL B 7 2 hy 12 h SRR, 40
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il 7] KN93 #4175 43 il il A AICAR. Caffeine £/l
AICAR/Caffeine Z F 544 1} 10 wmol/L KN93 Tl
B 30 min, AP ERE I Compound C %41 —
K. BRI R Control. Caffeine f1 Caffeine+
Compound C #4143 5 4k &b # J5 7 B 2 ig £ 4t .
1.3 HEman
1.3.1 00 GLUT4 mRNA $HEHUFR .

fff H1 Ambion 2> ] ¥ i 71 & 2 B4
GLUT4 mRNA. FisEFRbt)a, 4 M 75 40 Mo i) if
HAE 10 cm?® IIAAE T 1 ml () RNAwiz W40 i,
5k RNAwiz [EMEARIGA], IFRMRG. =
WA A5 min (SR A A E C B I
02x IR AR & . =l N#Esh 20 s M H
10 min. 7£ 4C F, LL1000 g &0 15 min, iR
G A=A NI IS AR, R R
RNA ) 2 ml B A 0.5x &4 A8 C RNA
BRI, N I A AR S I 78 IR, S
N#FE 10 min. f—IK{E4CF, LL1000 g L
15 min, K3 RNA JiiE. HED IR
CLEEEDE RNA JUvE, &0 % L. FF RNA Pl
Fi N HARIET 10 min J5, MATG RNA BFIK,
TR T AR i

5E & PCR Kill GLUT4 mRNA. i F J¢ s 55 g
ik 71 #% (Promega AMV Reverse Trancription Kit )7
% cDNA. M\ PubMed [¥] GenBank f; & GLUT4
mRNA J74]. 514%11: GLUT4 cDNA IE 514,
5" GCCAGCCTACGCCACCATA 3', [ X 51¥,
5" ACCCATAGCATCCGCAAC 3'; pB-actin cDNA
14, et kR B, IEXEIY), 5" CACGATGGA
GGGGCCGGACTCATC 3", KR X514, 5" TAAA-
GACCTCTATGCCAACACAGT 3'. PCR @ ff =
e AE 94°C AR 30 s, 55°CIB K 30 s Al 72°C ZEAi
60 s, FLAEFR 32 k. A P A0 A I A 58 B S I
PCR. il B-actin # GLUT4 mRNA K IA/K
FRUEA..
1.3.2 AR PR BRI i N UK Tivs
) 500 pwl 2% 3 A (250 mmol/L JERE, 10 mmol/L
NaCl, 3 mmol/L MgCl,, 1 mmol/L DTT, 1 mmol/L
PMSF, 2 pl FI T2 8 AR HIF R &), &)
KIGETUK L 30s. {8 4C FLL500 g B0 5 min.
7 EIEWL IREDOE, JRHTIVA I 500 pl ZZr B
(50 mmol/L Tris pH 7.5, 1 mmol/L EDTA, 1 mmol/L
EGTA, 1 mmol/L DTT, 50 mmol/L NaF, 5 mmol/L
FEWER 4 (Na pyrophosphate), 50 mmol/L MgCl,, 10%

H o, 1% Triton X-100, 1 mmol/L PMSF Al
1 wl/20 mg 4H i ¥ 25 11 g 1 70V 5 ) B DT vE
Yy, ETUKE 10 min JFEA 2~3 K. 7£4C U
3000 g B0 Smin.  FIEEAAREA. ALK
I A% B P I 260 55 ) LA 52 41 A% S E A
3-tublin.

1.3.3  RREPUHE. R 40 B B 1 4 500 e,
TN B 9% DU 5E 2% P8 (50 mmol/L Triss pH 7.5+
1 mmol/L EDTA. 1 mmol/L EGTA. 10% H i+
1% Triton X-100. 50 mmol/L NaF. 5 mmol £
FR44. 1 mmol/L DTT A1 1 mmol/L PMSF).#¥ i HJ
50 pl B A BRI IEAT SRR G , fE 4T 4
PR RES T 2 pl ol -AMPK $UARRE T A . #E
i 5 50 wl B A SRIRPEORAE 4°C Jighs %
PERWFE 2 h. SRR G0 0SS YE L
DUVE, FEA 1 ml RV E MG 4 I, 3Rk
T E AW . A «2-AMPK BT 4K 4 5 0 T
a2-AMPK, U BEAH A

1.3.4  ERCIBORTIN. AN MR A 12 2 8% A M Ik
JE e 7, ARG AE 150 V BEAT 75 min HLJK. R
WA 100 V T 100 min K8 4 & B # 3
PVDF Jii b JRASF d5f A% 5 (Teis- 2 3h RN
0.25%1] Tween AbHL 5 5% WK EH A 1h. A —4T
IFAE 4C NI B A A P AR id — Pt
5 3 P 28 pP Hh I 2 1/10 000, =3 N HEAT
60min %5 4. Pk 4 A H enhanced chemiluminescence
substrate WL, € =IFH o« 1-AMPK £ [ [ A0 %) 4R
1. A al-AMPK B R AL BT AS I AMPKal 5t
FIRE R L KT, 40 fi4% AMPKal 5 (1 LA B-tublin
WS H M E A RIEKE A
a2-AMPK i RAL PUAA, o2-AMPK B FR 4K 11 45 I
WIRE o 1-AMPK R AVAH [ .

135 LR 4RGP HdkEiE i
SPSS 10 il K BT i3 0, FRALFEAI A 6
Bl RA¥E KL, P<0.05 b BEMZER.

2 IGLER

2.1 AICAR. Caffeine 71 AICAR +Caffeine # &
T BRI GLUT4 mRNA HIRIEKFE

AICAR. Caffeine I AICAR +Caffeine 41 5 %
IRZHA L, PRI GLUT4 mRNA 43 51 25 i
Z111(3.02£0.56). (4.42 +1.3)F1(3.47 +0.86) %, 7
WIEE AT R ZH v 2,02, 3.42 F1 2.47 5. H B EMER
KPR P<0.05, n=6. SLH&EFILE 1.
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Fig. 1 Expression level of GLUT4 mRNA in the groups
of Control, AICAR, Caffeine, AICAR/Caffeine
All quantitative values of GLUT4 mRNA in these groups are reported as

=
e

the x +s, n=6. *P < 0.05, compared with control.

2.2 Compound C ¥} Caffeine 1 AICAR/Caffeine
Er 3R 2B B8 AL GLUT4 mRNA FRiZHIE M

Caffeine +Compound C F1 AICAR/Caffeine +
Compound C 414} %55 Caffeine il AICAR/Caffeine
AL, LR a LA BE Y GLUT4 mRNA K ik /b
T 246 M1 191 £, gertkaiedsy, P<0.05, n=6,
DL 2. $iB] Compound C BEWA 2l H Caffeine
1A 4 H # AICAR/Caffeine 5 5 11 15 #% L 41 A
GLUT4 mRNA {3k,

0.25¢

020 l

(=]
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GLUT4 mRNA expression level in
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0
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Fig. 2 Expression level of GLUT4 mRNA in groups
of Control, AICAR, AICAR+Compound C, Caffeine,
Caffeine+Compound C, AICAR/Caffeine and
AICAR/Caffeine+Compound C

All quantitative values of GLUT4 mRNA in these groups are reported as
the x +5, n=6. *, ** **¥*¥p < (.05, compared with AICAR, Caffeine,
and AICAR/Caffeine respectively. : Control; 2: AICAR; 3: AICAR+
Compound C; 4: Caffeine; 5: Caffeine +Compound C; 6: AICAR/
Caffeine; 7: AICAR/Caffeine+ Compound C.

2.3 KN93 ¥} Caffeine. AICAR #1 AICAR +
Caffeine P51 289 B8R ALLIAE GLUT4 mRNA Rik
ppA)

Caffeine + KN93. AICAR + KN94 FI AICAR/
Caffeine +KN93 4 73 i) A& %) U411 (1.07 = 0.35).
(3.07 + 0.77). (3.24 = 0.95) 1%, 43 il Lt % M 40 v
0.07. 2.07 F1 2.3 fi%. HLEZEMHEL 5% P> 0.05,
P<0.05 il P<0.05, n=6, WK 3.

e
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(=]
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"o L

1 2 3 4 5 6 7

Fig. 3 Expression level of GLUT4 mRNA in groups of
Control, Caffeine, Caffeine+KN93, AICAR,
AICAR+KN93, and AICAR/Caffeine,
AICAR/Caffeine+KN93
All quantitative values of GLUT4 mRNA in these groups are reported as
the x +s, n=6. *P < 0.05, compared with Caffeine. 7: Control; 2:
Caffeine; 3: Caffeine + KN93; 4: AICAR; 5: AICAR +KNO93; 6:

AICAR/Caffeine; 7: AICAR/Caffeine+ KN93.

24 CaMK # ;& F Caffeine F1 AMPK #] 1 57
Compound C %} a-AMPK & B )50

5x R AIAHLY, Caffeine AT 5| AC A& % UL40 i
al-AMPK Hr 8 A4 7K AP 2 0 BT (1.26 +£0.52)
%, P<0.05, 1 AMPK-o2 [ B8 1k /K S 2 % 1
HI(1.12 £02D)f%, P>0.05, ¥ Caffeine HEW
BE al-AMPK, {HANGERZ W o2-AMPK (1)1 1R 14
K. AfEH AMPK 014 5] Compound C W% & 1 #%
W45, o Caffeine+Compound C 4111 a1-AMPK
AL KF L Caffeine 4108/ T 51%f%, P<
0.05, n=6, JLK] 4.
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@ 1/20 Input  IP: anti-AMPKal 1gG Buffer 1/20 Input  IP: anti-AMPKal 1gG Buffer

CON CA CACC CON CA CACC CON CA CACC CACACC CON CA CACC CON CA CACC CON CA CACC CA CACC
Lt B R I Xl

p-Tubulin p-AMPK 1 p-AMPKal  p-AMPKal  B-Tubulin p-AMPKa2  p-AMPKa2 p-AMPKa?2

(b) g 35¢ % 35t

—_— * —_—

E 3.0r l .S 3.0F

Bast Bast

g 3

ﬁZ.O F §_2.0 3

g1st wx 215l

| I = 1 1

M 1.0} I § 1.0} I

% 0.5¢ < 0.5}

— ]

3 0 30

CON CA CA/CC CON CA CA/CC

Fig. 4 The level of a1-AMPK and «2-AMPK protein phosphorylation under different groups

a) Protein blotting results after immunoprecipitation. All quantitative values in (b) were reported as the x +5, n=6. *,**P <0.05, compared with control
2

and Caffeine respectively. CON: Control; CA: Caffeine; CC: Compound C.

3 it it

3.1 AICAR. Caffeine B — % # 1 AICAR +
Caffeine £ & FIHxt & 85ALZHA GLUT4 mRNA HY
A1)

JUL PRIVSC 44 F 384 0 e 6 JUL 4 B Y AMIP ¥R S5 T 5
AL AMP/ATP LUAE AL, ZAE (G S
T JCBE W5 OE AR FBE AMPK. AICAR 7515 #% UL
41 i Y e B AC I AMP 258, DRI AICAR
BE/E AMPK 5 OS2 18 30 KB40
5%, FrUAYE AR 4AE  AICAR BERSARL LA
W4 i BT 512 AMP/ATP EUAE 9424k . AICAR §
B R0 Mo R E % UL 40 i N AMP/ATP Lt
BT 505 2R T B AMPK. BF9T W], AMPK 76
WL 4 51 (1) GLUTA LN iAol fe it 45
FEAEHP. EERRE T o2-AMPK 32 2L 7 7F
I, 52%] AICAR Fr5lic AMP/ATP LLAE T &
(IS SRS, «2-AMPK (1) Thr172 47 Sk i1k
MAEAF BN OE , AR S B4 Az N, B
T AZ A1) SRR PR R 1 A 1 ORI T GLUT4 SE R )&
KB, RSz U %% 51 AICAR 207 8% JUL 40 Jif 1)
GLUT4 mRNA Lt a4l 2 £, K@)
B 5 AICAR fEfS 8 8 L4l it GLUT4 3
IR IR, X —45 R 3CHF AMPK i/t S5 5 il
PEAER T GLUTS JE R IA I E 4.

WEFLUER, CaMK A3 (145 55 8 5t 2 1 i
i BLAN N GLUTS JE R 3808 9 B 2245 5 14 12,
LN Ca® ¥ T = RE A% IS CaMK & 1
Wil . Caffeine W% 51 8% 140 Mo 5t 58 1% 32 = 41 e

Ca® [F¥RFE, FrLA Caffeine BEMSALIZE S IHIL P Wi
il A o 2 0 O s C Al I O I (T
CaMK. 7E CaMK Z %, 114! CaMK(CaMK II)
SE 4 ADMRBEE AR (e By v 1 8) 0
P E I, RENS B B LA T P 5k P
Ak, Rose PP WLAVER TR, B #EULAH
Jfd CaMK T 75 2 AN B 3G, 17770 40 B2 5 n i
AL, 123) 5 min A1 40 min i CaMK II -8/
(Thr287) I 4% 1 43 5] 42 32 3l H 1 (67 £12)% F1 (52 +
14)%, W2 3 e oS A i 8 L4 Ml CaMK T .
David Z5 71 UL RISC i 5 | P 26 Pk E S 56 Hh 4t
IRV PR S 4 R 5 B % Wi IR AL 1 UL AN L CaMIK T 11
Thr287 {7 £27. i 4h Antipenko 1 Fluck 252 #1ff)
AF AR I S5 VL R4 RBORE E R 40 iy Ca? IR
e WS E L CaMK I . BT LAJUL A Wi 4 58 7T RE A
Ca® Tl CaMK T . AN S5 o WL %% 2132 2 il
(AT 5 Caffeine &S U ITE W i 200 B 411
BEUL4H il GLUT4 mRNA LL X B4 iy 3.4 1. R W
4 il Ca?* 75 T Caffeine AEW% I i #% UL 40 i
GLUT4 SLH[13R1L, SZFF CaMK /51015 5 1l %
LER Wi B UL D GLUTA JE R Kk vl &
TAEH.

AICAR FI Caffeine & 5¢ 4= AN [R] (19 L 7T 05 4 o)
WG, FEMOL S 58 A R S, ITUL 24
FUN, HE LA AMP/ATP LLAE IS K
OIS 1 E TN AMPK 55 ER UL RSO 5 RS 17 400
W Ca? AW OIS 10 2 1 CaMIK S 58 A AT
P45 510, (HREEARLE T, FAIEH
AICAR H Caffeine [F] I 7 & & #% UL 40 MO iF,  FF%&



4760 EYMUF EEYIIR R

Prog. Biochem. Biophys. 2009; 36 (4)

AL EHH LA N GLUT4 mRNA [ 2834 H 1
BN, H) AICAR+Caffeine 545 il ¥ 7 % 1L
40 L P9 1Y) GLUT4 mRNA £ 35 7K F 548 F 5 — (1)
AICAR 5§ Caffeine Jll I (1) 7K 1 TG & 3 M 7 5=
T LAFRAN 1400 55 1138 AMPK. F1 CaMIK. A 15
5 IE AR T VLA B Y GLUT4 mRNA Rk i
FEHAT HEAH ELIE .

3.2 AMPK #I#7] Compound C ¥} Caffeine5| ¥
BYALZAAE GLUT4 mRNA 1 a-AMPK E BB

Compound C #& AMPK 1) 5% 4 PEF IR . 7F
AMPK HEALAT 5 & 5 ATP 524+, HIFAMHS
AMPK AH G ¥ 2 g, %1 PKC, PKA %%. it
AMBASTHE AMPKF 330 135 1. Compound C
RS 70 AN [F) 25 40 T BELIRT A [RS8 B4 40 Jfis AMPK (1 4=
YIRS T R AMPK 5 5 B 76 7 715 B %
L4H B ) GLUT4 mRNA & iA i F2 o 1 /5 I F1
CaMK 15 Sl B¢ &R, FRATATH AMPK 1) 5
Compound C %37l 5 DL | 4 (Caffeine ! AICAR+
Caffeine Z1)L0¥F, K7 Compound C X| Caffeine
A1 AICAR +Caffeine JIT 51 & I #% L 40 it GLUT4
mRNA FKIEI 5.

JUESERTINVF 2R, 1 Caffeine 75 K11
6 LA P T 25 0 5% H b A 4% AN B Caffeine 5| 2
a2 (Thr172)-AMPK % g 1k 2% 1k, {H 5 15 Jensen
SEBUKRFT KRB, Caffeine AN BENS 590 /1N BRI K
BUEE H WL «1-AMPK 35 PE, T H B8 % 4
al-AMPK BERAL, 13X I A M o2-AMPK 12
b, BAMAE a2-AMPK i1, A CaMK EHE: T
W S CaMKK 1138 8 PR 0 il 1) STO-609 LA
o CaMK [4F S PR 4 i) 771 KIN93 il Ca® 411l 71 )
ith 7% #K (dantrolene) # e % 56 4= FELIWT B Caffeine 753
] a1-AMPK 2 1k Il o1-AMPK 3% 72, Jensen
SEBUIR) Iy — TUYL A 4 S BT S UIE S, CaMIK )
FIHIF KN93 Ge % 7E LA 2 min {58 B2 580 FLHC 4
Jas A AN E ALt H L (soleus muscle)
F1 B ER LA B L (extensor digitorum longus, EDL)
AMPK AL ARG 1, ] B0 0 330 JUL A MC 4 2 miin
Joi, KINO3 Fef i ZUA00 UL AT 4 5 |2 P o 2 A A%
B, 5 KN-93 #{BL, STO-609 W% & W 4 L A fig %
5 209 > LA W 4 51l AMPK. B IR 16 7K T A
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FEAL I JE ol R o2 75 LA 46 0 e A B8
RUMREE A AMPK B A @35 PE,  7F a2-AMPK
e [63% 110 65 JUTL A0 e UL VRS 4 1 5 T el et
o 1-AMPK i 5 186 JUL4H 5] 25 07 5

MASSZES % GLUT4 mRNA #3485 (RIFT 45
FokFE, AICAR & AMPK FF 5 [B0E 1, FTLAA
SZUG e % LI ) AICAR 31 (1) 1 8 UL 20 o
GLUT4 mRNA #1384 5¢ 4= 4% Compound C I
E3EMZE, AMPK #1Hil71] Compound C it fE %
HH 2 M A B Caffeine 51 4 F 8% WL 41 e GLUT4
mRNA K. A it, Compound C tHHEW B T
Hy 40 ) - AICAR/Caffeine 5 & il 3 Bt 51 & 1)
GLUT4 mRNA [k, 50 MAH GLUTS %
DRI R IA 45 R — 20 #E LA B ol -AMPK 25 [
BRI K P48 4K, 7E Caffeine 155 (101 % L4
GLUT4 mRNA ik, W E| Caffeine AE1 7| A
B VLN o 1-AMPK 2% B2 A6 7K 7 34 0 1.26
%, {H Caffeine /5211 o2-AMPK [ IR 147K T,
1M A# H AMPK #1155 Compound C #f: 58 9% #0161 th
Caffeine 512 ol-AMPK 5 [ 8 B2 16 7K ST 119 4% n
(F 4). XEEAEY GLUT4 JEEKIEP 4 R Y
al-AMPK 5 [ 71 5 26 S b iR AT e & SR — 3L
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Coordinate Regulation of Contraction Signal-Induced
GLUT4 Transcription by CaMK and AMPK Signaling
Pathways in Cultured Skeletal Muscle Cells’

LI Liang-Gang"?, CHEN Huai-Qing"™
(“Institute of Biomedical Engineering, West China Center of Medical Sciences, Sichuan University, Chengdu 610064, China;
2Department of Sports Medicine, Chengdu Sport University, Chengdu 610064, China)

Abstract Glucose transporter 4 (GLUT4), a major contributor to glucose transport in skeletal muscle, is closely
related to diabetic treatment. Exercise regulates apparently GLUT4 gene expression which produces many
beneficial metabolic adaptations for diabetic patients. Study has shown that both AMPK (AMP-activated protein
kinase) and CaMK (calcium-calmodulin dependent protein kinase) signaling pathways are involved in regulation of
exercise-induced GLUT4 gene expression in skeletal muscles, but the relationship between these two signaling
pathways in regulating the GLUT4 gene is unclear. The purpose of the following study was to investigate the
relationship of these two pathways in Caffeine- and AICAR-stimulated skeletal muscle cells GLUT4 gene
expression. Muscle contractile activity results in increases in both cytosolic Ca* and AMPK activity. To mimic this
response, primary cultured rat skeletal muscle cells were treated with Caffeine to raise cytosolic Ca* and with
AICAR to activate AMPK. The muscle cells were divided into different groups (Control, AICAR, Caffeine,
AICAR/Caffeine, Caffeine +Compound C, AICAR/Caffeine +Compound C, AICAR +KN93, AICAR/Cafteine +
KN93), which were used for experiments of stimulation by AICAR and Caffeine, inhibition by AMPK inhibitor,
Compound C and CaMK inhibitor, KN93 respectively. The results showed that both AICAR and Caffeine induced
about 2- and 3-fold increases respectively (P < 0.05, AICAR vs. Control; P < 0.05, Caffeine vs. Control) in GLUT4
mRNA in muscle cells, but the effect of GLUT4 mRNA induced by the combined stimulation of raising cytosolic
Ca* and activating AMPK was not additive. Moreover, the Compound C, an AMPK inhibitor, decreased the
Caffeine-induced increases in GLUT4 mRNA (P < 0.05, Caffeine+Compound C »s. Caffeine), and also attenuated
an increase in GLUT4 mRNA induced by the combined stimulation of AICAR and Caffeine (P < 0.05,
AICAR/Caffeine +Compound C »s. AICAR/Caffeine). Similarly, the Caffeine induced an increase in ol-AMPK
phosphorylation (P < 0.05, Caffeine vs. Control) and furthermore the Compound C reduced apparently such an
increase (P < 0.05, Caffeine+Compound C ys. Caffeine); however, KN93, a CaMK inhibitor, was completely able
to inhibit the Caffeine-induced increase in GLUT4 mRNA, but failed to inhibit the AICAR-induced 2-fold
increases in GLUT4 mRNA (P < 0.05, AICAR+KNO93 ys. Control) and also failed to block an increase in GLUT4
mRNA induced by the combined stimulation of AICAR and Caffeine (P < 0.05, AICAR +Caffeine +KN93 vs.
Control). These results demonstrate that the CaMK and AMPK signaling pathways are not complete independent,
but are cooperative in the regulation of Caffeine-induced GLUT4 gene expression in cultured skeletal muscle cells.
Collectively, based on our results and the other results this paper suggests that the GLUT4 gene expression in
contracting skeletal muscle cells may be regulated through a CaMK-AMPK signaling pathway.
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