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AMPKAER B R E S-S BT RIER

HEET FRE IWm FEX' BRE FEE
(R A 57— DR 5 08 e T 97, 154 3300065 R0 K 27585 IR S a7 R, 1 3300065 3 [813 1-1
R R, WL 02118)

BE 3P BB AR B E ALK & B (AMP-activated potein kinase, AMPK)/E 4 —#F 2m et ft &
5, B m I AR LR R B, AR £ 4w I AMP K- R AMP 5 ATP#4 tb 45 9 &, AMPKAk
AMP#E, LB e 25 RSB B B AL a9 38 mvd = & § % ATP; B BT, 34| ATPIE 42, 426300 &
W B RO B AL A AR, B AT RIE aa ey A E . B — 06 97 2R 4B R R 4 25 438 i E AMPK m
RAEAE R, SAMPKAIA A 52 BAF e fe 64 Fo Ay 20 0 S AB fkoom 25 e Je i i 88 . 5-F R -4- 2 F ek
#4 4% ¥ (5-amino-4-imidazolecarboxamide riboside, AICAR), 3 A %8 il & A B BR AL & s ZMP, )& # &
MAMPAL 58 9% 3% 7E AMPK, A 3b, 3247 R AICAR# EAMPK, YLK & 10 49 AMPK T g B 4 Jit 4%
TRIMBM B FAZFIRBHOVER ., 2 RRF, IS ML T ) AMPKAHME 5, ABLEHBEA (malonyl-
CoA, —7FF i Iy BR B AAE ) 64 37 41 70 B8 o7 BR A~ A 69 AT AR o 18] 7= 4 ) iR F 480%,; £ &40 893 T3-
F442afi8 i tm i, AICAR:E i1 33 7% AMPK, 3% 5% i &) & xF Akt/PKB &9 7& #=GSK3 ¢4 B BA L. A8
R, Z£AICARTAAL 28 ¢ 4m o &, Mk By & AT mTOR &Y 8% f& /) A 4K F) B, mTOR T i 2 25 (3w
p70S6K. S6ZAE-BP1)#4 BB AL IEAK, 45 RiE R 7, AMPK /R 4h A 355 BLmTOR, 7147 4
H B g BRI E ., 5 AR, 2- WL AH BB EF 4 AMPKE LT 3 B TSC24k Z 49 MEF 4@ &,
FmTOR& I74]. vA EAFR 4 R &, AMPKAE % /4~ 7 @8 7 mTOR, 5+ & K48 ~AMPK A 458
fEmTOR, FH A BEF M R, ¥, AMPKA®E AL T I8 Iy 40 .69 f6 Rt 3741 I8 5 8L

BAR OGP RVBE o BR Y BALAE .
K52 ia

AMPKE H AL T 3oV e (al s 02). BIEIE(BL.
B2)ATI 5 W Hey WL (Y1 v2+ y3) AL =2 4K (aBy)
B E A Y. AMPKIFIB. yIF 5t 55 -AMP4;
4G, AMPKYCEGE, dEmis| kgl . @it b
T (R I LK B 1A CaMKK, AMPK 4k W 3 3% 14
HUL A Thrl 72k AR Ak . DA T 9T R B, AEAR4A
Bt = FUYL RGBT, AMPKGE P38 5, X — e 5
0 o 1 RE R S AR AL FIAMP/ATP LG R4 — 5 () 1k
Fo b, AMPKIE P57 303 I X 25 (adiponectin) A1
98 2% (leptin) T 385 N, L6 25440 m] DA sg ) 4 5L
A, WAICARP, — FHXUNURTIEE Mo — i 2 254)
XL 2y N T S50 B PSR BN B2 786 PR
B B AR AU (isulin resistance, IR) 7G5, FEse
b, AMPKAEIE B A 5 — Lo Bk IR 25 ) K96 97 2%
I, H S DA A S 0 PR 2 0 TR T R T

AMPKTE A i G AW R Z R IhRe, — 7
[TTTIRRC=$ i B e 110 N 2 (118 VN = N

AMPK; 5-% 3E-4- % F LK MeA% 1 255 Akt; mTOR

T B 25 B0 P R0 o5 ke By AU, S — i,
AMPKI AR 5 R A8 Ak, 0 G 5 F0 11 6 i, A
HF S S e M B 2R A T, i L e A A P B
RERIEHU o 765 FI7K 1, AMPK Y i 5 245 5 Il i
W AEAE 2RI Z o BN, AMPKAERS FiREl ~ i 5
IRS-1 (B b 32 32 A - 1) 45 45 IR PI3KHT Akt/PKB
(P, T B 25 FAKERE RS Ui AMPK ¥ 5 4
mTORJE JBE & 38 115 8 1 5 1 ) o 8 71 [
T, JB T W NEBEIVLRE3-F R (PISK)AH DG S MG A% 7, {H
RAEL T VS % - mTORLAMI A& &5 9T
FAELE, TORCIFITORC2., TORCIVEAPI3K/Akt
TN 2%, TR IR 72 RS v, 52 )0 By 25 F0 73 24
FORBOE AL 11 TORC21 1oL i 2 fL Akt S473 4 2.
WA 35 A6 ImTORT DL 5 8 (1 5 A i, 31 ik
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TEAZ AR M p70S6E 1 (p70S6K ) AT i 5
TA4E-BP1. #HJ%, 440 M B8 7Rtk = L e k)
B, 40 P I mTORYE 1 52 B, & (A& ki,
DU 23 iC 55 2 ATPH 1 N AT AE A7 fEHl. TSC2A
Raptor/& P4 M TORC1 B A A7 ) AE I\ 8 1, TSC2
T8 3L B K Rheb 1 35 7E LA HITORC 1) 3% 1, Raptor
S5 TORCLIF A YERERGIE PE I A T5 B . WA
AMPKUH T % 2 463X P A 2 1 A I m TORYE 14 .
—J5 T, TSC2HE B IR A0 FT IS, 51 & mTOR¥I IS P
TRhebsh T-GDPZ &R A&, M4 HImTORIP) i% 4k,
53— 77 1, Raptorfr) il R ft. 5 ZUTORC 1 g v 1 52
FHIT, 354k I mTOR B 2 b 5% 28 p70S 6K (1] 42 i i
FRAGIRS- 1P LGP, HH T x5 B 15 5
SR BN, 2, AMPKXmTOR AT
I Fie 9 e 4 ) JBE B 2% ) R

P ] AL, S6F R () 40 il e RS A8 4k, AMPK
HmTORVEH TAH I IR W o s b, Jenr ittt
2 WI/RAMPKIE AL 25 5 BmTORM AN HIC . 24 TR
NI H A L], AT AMPK 5 B 5 2545 5 1
WTEE R AAMPKANHImTOR A LHIHEAT 75T

1 MRI5AEE
1.1 #4834
1.1.1 #H#
atkowski 22 1%
1.12 KA K Akt, S6K1. S6. AMPK [ E 1L
k57 &% H Cell Signaling Technology (Danvers, MA,
USA) AT,

1.2 7%

1.2.1 #mfipdEsc  3T3-FA42a/ 2T 4 40 a3 35 F0 4y
Mt B2 SCRR[9-101, 35 3 A0 5 8~ 12K 1 41 gk
AT S5 o

1.2.2 A BRARBEA R ) R TR A TR 7 25 4
AR, e BS 2 SCHRIL], 0S4 et AN IR D5 P H- &
RN

1.2.3 Western blot 4R PR AN A, W gk EI,
HAE R, SRR AITSDS-PAGE, # B £ ik |-,
HEAT )% BN R o

1.2.4 AMPK#7 PASAMSZ JIK1E A 4, B4
M2 BL(500 pg) 5 Pi-al PR ST B Piie, 78
VS B NVAKRZRS0 pl, 25 uL2e 4y, skt
TpS1UELR, 5% — SIS IE+1%FE RN VeV, AN

TSC2” MEF4i Jif tDr. David J Kwi-

SRV EOR DTSR AR

1.2.5 AMPKAEEE/bmTOR  JT 41 40 ikt 58 Pt
R E FEHA)YFRC Y FE 2 mTOR B I 4 4% - HEK 293 T
g, 5 HTHA R FEHUR T2 UTIE . AMPKA G it
ANGSTHl 5 5 [1pEBG# {4, % 1A THEK293T4H Jiig
oh P e T IR BN Bk ke 4B aliAk, P e 45 e H
Jik L3k 45 44k FAMPK . 404k () AMPK Jf] T'mTOR
a2 PLIE K o

2 #R
2.1 FRBZFRHAERA AR P AMPKRYFEER {4

R B I 2 6 AMPK I B0 2808, FRAT ] 2 g
N FH MR B 2. ACAIRB I A i FH Jik ) 25 FIACAIR
i) 4 07 4 B, FH Western blotfy il AMPKA £k, [X (1)
Thr1 726 B 1k . W E1AFT 7, A R 4 3 51k 1)
Thr172-AMPK @R A0 (1) 5 B IR - AICARE 5 B
By Ao, M ATCARM K, M8 F 55 . il
Xof JBE % ISR Thr 72 () BERR AL I B N =%, TRk Akef
h T By 2R U B — AN OGR4, 8RB R AL
AMPK 5 [ LG PRI O T fi# 20 Thrl 72/
1% A%, 7K S (1 388 i 5 AMPKSE I 10 3% P 28 40 AH — 3,
FATI 2 T 40 B N N R A R, BRI
AMPKIEPE bR G Y, 4 AMPKE R 1k 2 Ik 4 il 2
kB (acetyl CoA carboxylase)if, n] FECH LM N B,
FAEFAEA V) A BEATTEA. (malonyl CoA)/KF-HIRE
i DR, RPN N IR G AR 1S LR R AMPKYE
PE. BB R: [ 5 286 £ Il e A SR 1L I 1 1
L AICARIE U AH 52 ; AICARAE P 4 B AV FE T B,
1117 5 28 A LR B 48 T, Jx — &5 SR 5 S E —
U, I H ok BLAICAR AE FAAR B & 2% 71 i 7 It Al il
ATRIRE T o FATT I 45 3 WA B &% 3% BUAR (i 1E Thrl 72
WERR AL, (R I3 S AMPKER 186 1R
I, AMPK 4 il 3% 7 48 6 5 AMPK [ Thr1 721 /& 1k
BT AR R, X 0] e T B R AL ST 25 A 3L
Ioo )ik i, HARJER 308 1 Thel 724 R 40 v 5|
HECAMPK [P35 A4, (H 6 AMPRIL & 407 5 1) 19 12 1k
I T eyt o 1l
2.2 AMPKGE M X R B 215 5 BIAKEEES 1L Y 52
i

h M EEAMPKRT B B 215 5 I1EH, 15t
7E3T3-FA42afl7 1l 40 o 8% % i H in ANAICAR, )i
N 2%, ARG AR IR AL /KT R BTG I
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Insulin - + +
AICAR +
B)
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1 2
Insulin
AICAR S +

A: 21 mmol/L AICARTIALFE30 min[¥JF442alE 141, 5 R P4, —ZH4IH - i A 100 nmol/LIBE i 28, I — 44N MEAS B & 25, 15 min)5 &5 55K
5, RN . F Western bloty 5l 53 41 g 42 B4 b Thel 72 (A B IR AL FLEV AMPK; B: K IIIFA42a 40 Ji $2 R4 D4 I 4 A 4 15 LAAR R AMPK
W, DL B SEEG 4 = Uk (means+SD), t-test, ¥P<0.05, 4212540 411 LLER, 4y R4 55y 413 L #L

A: cells were incubated with or without 100 nmol/L insulin for 15 min after pre-treatmented with 1 mmol/L AICAR (30 min). Extracts were blotted

with antibodies against phospho-Thr172 and total AMPK, respectively; B: Malonyl-CoA was measured to represent the activity of AMPK. The experi-

ments were repeated three times. Values are means+SD; student #-test, *P<0.05, column 2 vs 1 and column 4 vs 3.
El1 AICARFAR 53 Z X F442afl5 B 240 AT 1 AMPK R Thrl 725588 14 B9 R 1E A
Fig.1 AICAR and insulin both stimulate phosphorylation of AMPK at Thr172 in F442a adipocytes

AICARGE 188 it Jid 15 2% ] B Thr308 F1Serd 73 (1] Akt
TR ALI90%, 114 GSK3 w1k 1 5 (KI2A~[K2C).
FH IR, AICARAY e THFR 52 Hh 39 55 ERK B R A4 7K
(42D).
2.3 AMPK#$|/mTOR

W ERTiR, AMPKAEBIETSC2, M 41 4l
mTORM. k7AW g 15 40 i -h mTORYE P 4 15
FE52 AMPKAIIH], FRATTAEST3-F442afi5 17 40 i 15 77
FOMAAICAR, H— iy s R AAL SR PR Rr
MISer248 147 1 1H H G R, LA MmTORH)
T PEACENT I3 A TR, SRR i 5% B i
mTOR-Ser248 117 s R AL, 1M {EAICARALHE J5 1)
2 R FR B R AN 2 . Rapamycinsg A A
ImTORFIHI ], AICARFImTORHI R LT 5
Rapamycin#H [F] . JB & 25 R mTOR K W > FLHE i
YIp70S6KF4E-BP-1LL K p70S6K ¥4 S6 11 1 1%

1k, XL R P AICAR PTG (EI3B).
HHRTAMPKGE 75 H 8 R #mTORYE 1, 215
I 1 i G, fEHEK293THH il % 1Ay T HABT 5 R A7
P MmTORHE 41 & 1, Sz PilE 5, 5aifb i E 4
AMPK 4> . ATPHIS -AMPAL[AI & . WE4AFTR,
AMPK O 6 30 3% 1 FYImTOR 58 48 44 i Wl 2 41, 5 7
S FERAN LRI E SR, B A4 Y mTOR
2 AMPK i [ 46 i, mTOR Ser248 17y F) i 1 14,
BEmTORE [ 4k, 11 35 Iy BR AR FRATT ) 25 SRR,
AMPKGH 1 % mTOR [ il 98 A 1 40 3 3L 35 12 (1414B)
e B RN S (U RY:N S IR TR i
AEAEAMPKXmTOR ) 55— Fl i 15, RITSC2F 4 it
PERI TP, FAT AR R BR TSC2 I MEF 41 it I 5%
mTOR/p70S6K A5 AMPK ] . 7EMEF4 Jfu b
FEW IS 7] 771 5 12-DOG EE T mmol/L AICAR,
TR p70S6K ¥ Thr389 [ i R 1k . N EISATITIR, £E
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% g o T
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S EIF
5
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0
1 2 3 4
Insulin - + +
AICAR - - F &
(B) 1B:
| - -l a-pSerd73-Akt
- W nsosak
e e
Insulin - + = +
AICAR - - + ot
. IB:
© ... B
T e
Insulin - + - +
AICAR - = i t
D
(D) A ———— e EEESST
e ’ |
==
Insulin - + - e
AICAR - = o

A AL R AMPRA I AL 5 5 R0 7™ A2 00 SR, 40 1 S50 20t [0 141 1B, 74T 1 I AR A 0 R TS o R 3% 05 7, ik 2 st /i
SR A TR AP, IR T means£SD, *P<0.05, 3 4125 53 AL, 734145 53 AL3HBEG B~D: AICARR e iy 32 175 7 = M i L
(AKt/PKBIR AL . GSK3BWEIR AL  Exk L/ 28R AL)KI/E ] o R Western blothr JIl 4H AL 11 4 22 1 IAE o ARUIIAIA W B AT, IR L4 {H,
>k B4ANAN A ) Pi-Serd 73 blots.

A: AMPK activation inhibits insulin-stimulated production of malonyl CoA. Cells were treated as for Fig.1B. Malonyl-CoA was measured by the ra-
dioisotopic method described under “Material and Methods”. Results are obtained from two independent experiments. Values are means+SD; *P<0.05,
column 2 vs 1 and column 4 vs 3; B~D: the effects of AICAR on insulin-stimulated phosphorylation of Akt/PKB, GSK3 and Erk1/2. The cell lysates
were resolved onto SDS-PAGE and blotted with antibodies, as indicated. Representative blots for Akt are shown here. Graph represents averages of
scan densitometric units (means+SD) from four independent anti-Ser473 blots.

E2 EWAIAMPKX AEBABR L FNER B = ThRERIIE A
Fig.2 Effect of AMPK activation on fatty acid oxidation and insulin action in F442a adipocytes

10 mmol/L[j2-DOGHY, Thr389#i {1k T iy 52 F 4kl iil, S5 Rapamyecinf FHAHALL; (H B K ILAICARTH B
7625 mmol/L#)2-DOGH, Thr389 1)t i f¥. 5 4> i BAVEIWER . AW S5 P AICAR G ) AMPKIS0E
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(A)
= WS . e s s | a-pS2481-mTOR
. e - e— | «-mTOR

Insulin (100 mmol/L) - + - + 5 +

AICAR (1 mmol/L) - - + + = -

Rapamycin (100 mmol/L) - - + + = -

B) | - | 1B:o-pT389-S6K1
‘ oD ‘ IB: a-phospho-S6
| - - -|

Insulin - + - +
AICAR - -+ 4

A: 40 it 4 AICAR flIRapamycin kb B30 min 5, 1 FJBE & 32 4030 min, R H HiSer248 147144, Western blothd: il 41 fitd 4 i i b H ) IR kK B:
0 Ak B ] P T, 3 0G0 2 0 2R At v 11 S6KT (Thr389) a1 SO [FIAI4E-BP 14k [ IR B (L 7K ~F
A: the cells were treated with AICAR or rapamycin for 30 min, followed by insulin for additional 30 min. Lysates were blotted with anti-Ser2481 anti-
body for assessing the autophoshorylation; B: lysates from cells treated as Fig.1 were blotted with anti-phospho-S6K1 (Thr389), anti-phospho-S6 pro-
tein, and anti-phospho-4E-BP1 antibodies.
[E3 AICAR7EF442afi5BA 4R A 33 R 5 RiF S B mTORHEHI1ER
Fig.3 Effect of AICAR on mTOR activation by insulin in F442a adipocytes

(A) Autoradiogram kDa Coomassie staining
HA-mTOR- — -. 203jew — — — —
: 1204w
GST-AMPKa 1 Ee— .| 904

— — — —_]G

5174

HA-mTOR + + + +
AMPK (ng) - 20 40 100

B)

#P-mTOR

| IB: a-pSer2481-mTOR

mTOR + + + -
AMPK - + + +
5’-AMP - - + +

A: mTOR IS 5842, HHAZ Z5bric, 435 THEK293 T i, M HTHA e BEHUARITIE, JIVE 5 4L FIGST-AMPK (al). AMPAI?P-y-ATP
BEAT BB DI B: BF2E R HA-mTORALUALAN 347 55 AFR S AT R, B2 WHA-mTORJ3 5 5 AMPK.. 5°AMPFIAMPK+5’-AMP [ o XA~
Wik ), W AL B Tmmobilon it I, MEAT i ETIZIALS, HTAA 4 HimTOR Ser248 1M M HiiA, AR =My BBCH A .

A: the kinase negative mutant of mTOR tagged with hemagglutin (HA) epitope was expressed in HEK293T cells and precipitated with anti-HA mono-
clonal antibody. The precipitates were incubated with purified GST-AMPK (a1), AMP and **P-y-ATP and subjected to autoradio-graphic analysis; B:
wild-type HA-mTOR was purified and assayed, as described for A, in the presence or absence of purified AMPK and 5’-AMP as indicated. The reaction
mixture was electrophoretically transferred to Immobilon membrane and blotted with anti-mTOR phospho-Ser2481 antibody. The top panel is an au-
toradiogram.

E4 AMPK{ER T BYmTORFEER 1.7k F
Fig.4 Phosphorylation of mMTOR by AMPK
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(A)
| W —— — | IB: a-pT389-S6K 1
(- - > - - - oK
| — — - - — ‘ GPAMEK
—-— e W S e a-AMPK
2-DOG (mmol/L) 0 1 5 25 - -
Rapamycin - - 5 + -
AICAR - +
B)

— —

a-pS389-S6K

W sk

w ‘ - a-pT172-AMPK

B

Oligomycin

Phenformin

0.5 umol/L., 30 min I mmol/L.. 1 h

A: AJAIFEF)2-DOG. 10 nmol/L Rapamiycin. 1 mmol/L AICARASFIMEFN Ay, e 8241 B 2 B 31T Western bloths i 2 1t Thr389-S6K . ac-
tin, @R Thr172 HIAMPK; B: 5£8 2128 4 SUIAL BEMEF A S, K95 82 16 Thr389-S6K . S6K. iR /L Thr il AMPK .

A: MEF cells were incubated with different doses of 2-deoxide glucose (2-DOG), Rapamycin (10 nmol/L) or AICAR (1 mmol/L), as indicated. The cell
extracts were immunoblotted with antibodies against phospho-Thr389-S6K, actin, phospho-Thr172 and AMPK, respectively; B: MEF cells were treated

with Oligomycin and Phenformin, and the extracts were immunoblotted with antibodies against phospho-Thr389-S6K, phospho-Thr172 and AMPK.
El5 AMPKiDH TSC2RIFR A-IMEFZ fERImTOR
Fig.5 AMPK inhibits mTOR in MEFs deficient of TSC2

K F-51 mmol/L 2-DOGAHIEL, 1My 51 & f12-DOG TG
PANHImTOR . AICAR AR FI 59 n] fig A& DA R e )
MEF4H M 5 (2B MK . SR, FeATTI BRI B Y
i R TSC2IE, TORC 1% AMPK ) i) 8 7 A= fiif 52 12k,
/b B IR AMPKISUE A I B 2 2%, B B AMPK g i)
FEIG AL A BEM 22 B TORCLFME] . 4 T 96U IX Fhaf
Retk, FATIN 53 4h P RN 259, 5¢%% %5 (oligomycin)
FIR XU (phenformin) . W1 EISBT 7, SOK R 1L
(R IR FE 5 AMPKIE PR S I 6. Rz, X Lest
BHE7RAMPK 4061/ H 2 - TSC2FImTOR L ]
FS DR .

3 Wt
FATT IR I 5 7 240 M AMPRCS Jite 2y 22 2 )
FINAEICR, G, I 32 AEHS IMAMPK Thrl 72 )7

1k, (EIEAREEA AMPKGE PE 3 n; ek, g i 4n
JfL N [ AMPK A AICARTE J, PN IR 4 B AT 9k 155
WD80%:; 5 =, AICARMY SR & 25 Ml Akt/PKBYE
PERIGSK 3B IR A4 1 8 7, 117 11 95 86 5 % S mTOR
(BRI P IR DG B O ) KT B8 )5 f ), AMPKOH]
LA P B RR HemTOR, I 5 P A1 e 11 S 05 1,
TN AETSC24k 2k [MEF 4 it 7, 2-DOG L (1T AMPK
A AFIHmTORGE . 2, LA F 45 B4R AMPKAE
LA K mTOR .

DAAE AT 57 35 W B I 35 e 5| iR AMPKYS P
B4, b AktJIT BAMPK £ Ser485/49 1T i 14, 1 %
ARRNO AR, TATT R P B 2 e S AMPK
A FEThr 1 721 BE IR AL, 145 3 153 T3-F442alli i
B 2F e 4 A BT AS [, AR R ATToR R LAICARA
JoE % 2 0 Thr L 7285 B A6 (1 B R4 T, X 22 53¢ 1T
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SEH TR MER, RIEANFRE T SE
FRTEL X5 i Pellatt U 6 1) 45 FLAH
Wy, ABATTR IR, — FEOSUNICRY JBE & 28 Jo v il 5 |
6L 40 o ) AMPK B R 1, (H 38 65 I, mI LR FE
RN o FRATTIN A I WA 7 o AR SR AMPKYE P,
g5 B W R AMPKCR 4 0 B 2 BT i, 2 7R Thrl 721
o R Ak FTAMPK 1) 30 T 0 SR BE &R, AMPK 1) 30
A BEIE M T3NS0 1 I S G R A KT L,
PI3K ML 2 5 T AMPKW AT, FA1K
TR 5y 25 75 5 Thrl 726 B2 44 G 4% Wortmannin (P13K
040 700) B AR, 10 AS B2 MEKH 1] F/PD98059 ) 5%
Wi, ZouSE" K AF 53 K B, PKCHE 1 1R 14 FI 0
LKB1, [, PKCHHE 135 1 R 5 T 56 b 40 ) 1 38
il (T AR TR o DA 40 B A P oA B R0 T S
R 19 0 22080, BLEUR AMPK ) 25 25 2% N B W
AN

JiE B 2 5T AMPK IR 25 & RN 2 A% 10, 5 4l
NI BRI G 2 ) G &R o i, Tzatsos%5 4
T AMPK ) 035 B8 5 S IRS- 1111 Ser79447. f i 1% 44,
T EPI3K/AKLE 5 (KA, 55 b — AL K1 Ser789
1) 16t 18 A 5 1S A J 19 44 H, Jakobsen %52V 5T W 7~
AMPK 5| Ser78911 B IR 1k, nJ L3 FUSR-14H G (1)
PI3KYE VESG . AH I, Qiao%ER K HLSer7891H) i &
b Re A 5 R B AP DA G PIBK S 1k o 31X
SERH H P JE BIATE 9T 45 A T fe sk B A R4 B 1R AL
(R 255 B, M1 T, i B 3R 52 HPIRS-19F 22 1) 22 24
TR/ I3 2 TR ik BE W W IR 1k /EC2CI2JJLE, AMPKIHY
o B 5 2% 00 L R I 0 B TR S-11¥ Ser302 1
Ser636/639 (1 I At 1117 1K L6 {7 pii B2 I3 A4, P 3 A 11
p70S6K I 9k &)y, 517 5 1 4 S i il DA itk
AMPKH] DU 1 388 588 JBE I 25 06T ARt BOE R . 53
b, Longnus %5251 {5 78 AICAR nJ il Ji &5 200 5
IRS- 1AH 45 & MPI3K A0, H R (2 2 R 15 25 0 Akt
PTG A IXPE 5 20 RS S DR i ANV 28, (R 3R
ATTH 2 3 WAE R 7 40 i o 7905 i N AICAR BB 1Y 5%
o % 25 I AT 1

VFZ 9T K B, 1AL AMPK BEFIHImTOR S,
AMPKGE I B R AL IR TSC2, AL TSC2 5 TSC1
JE B — A~ B AT GTPRG i 1 1 = 5 W), 0 HImTORY)
WO FIRhebds e BATAE A — 2B K
I, 7E R SbmTORRE H 14 AMPK B IR AL, H PR

Ser248147 i F BN W IR AL 11 T . FRATT 244k 40 2
HrmTORXS p70S6K B, (H& A k. B Al g &
mTORZAL T FE T 0k T8 11 525 W (10350 73 Ot
Ao BRI, fEH = TSC2/MEF4 i 1 in A2-DOG
AT HE IR, A M 68 WL %2 BpTOSOK (1) 411 4l £ H,
WA 7 T 10 40 M v 3 A7 AE HL AR I AMPK i # mTOR
[y A%, 15 FRATT IR 40 i A1 55 56 B mTORBE AMPK fi
FR AL 45 B AW £ . Cheng 2504118 15 T 11K 45

FABL, Al AT] A2 B, AMPK 2 {bmTOR ) Thr2446 47

VETEAIINE, 3K P AN 2540k 3K 7 o AN () 14D 2 11 90 g 1
W tk, AHEHE R AR, ABA BB R IX A
A7 AU R Ak TR 6 mTORAS £ Wi vi% M R A= )2 73 X
I, ¥ Thr2446/47 £1 5848 jloN & R, 7 VF A AMPK
X BT R A B 6 mTORYE PE (1152 w2 AT A K
ISR L, X — AR S N B Z TSC211)
MEF4f g, DLW 5% & T AICARFIL 1) & W, K 2 3K
MVEERIT () ] 85

—AMEAS R I ) S I AMPK B 22 W R
AmTORAT LL T 8Ues 1 WS 06, A 4e A
RS 5 25 B 1 (1 Serd T3MEIR Ak 2 TE4H 14 J5 IH 14
AN HE, AT REX PP R b AN 5 | EL TORC 1Ry i,
MAFETORC2, ) — AME A B 1 ) 8, BeAT]
FETSC2 MEFA Jitd 55 56 v (1 45 SR AN B8 HE B 53 40—
FiATRetE, EIAMPKBERtRaptor, 5| TORC1HIHil,
AN Gwinn 257 45 SLTIA .

M2 TRAT O ESE B AMPK S B 5 2545 XL ) 1
H, fg 3% s AKtHE VA1 30 HImTOR. P 5 T 1) %5 4
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AMPK increase insulin sensitivity by enhancing Akt activation and inhibiting mTOR, and then improve the therapies and recovery of diabetes and

metabolic diseases. The three mechanisms that inhibit mTOR are beneficial to cure and prevent diabetes and carcinoma.
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Fig.6 Effects of AMPK on the insulin signal transduction pathway
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The Role of AMPK in Regulation of the Insulin Signal Transduction Pathway

Huang Deqiang'*, Luo Lingyu', Wang Lili*, Luo Shiwen', Lii Nonghua', Luo Zhijun’
(‘Research Institute of Digestive Diseases, Nanchang 330006, China; *Department of Ultrasonography, the First Hospital
of Nanchang University School of Medicine, Nanchang 330006, China; *Department of Biochemistry,

Boston University School of Medicine, Boston MA 02118, USA)

Abstract The AMP-activated protein kinase (AMPK) serves as a fuel gauge activated under metabolic
stresses which is usually accompanied by increasing intracellular levels of AMP or the ration of AMP to ATP. Asa
result, AMPK stimulates fatty acid oxidation to generate more ATP and inhibits ATP-consuming processes in cop-
ing with stresses and assuring acute cell surviving programs. Since several clinically used anti-diabetic drugs acti-
vate AMPK, it is regarded as a promising and effective drug target for type 2 diabetes. Using 5-aminoimidazole-4-
carboxamide 1-D-ribonucleoside (AICAR), a cell permeable agent that is phosphorylated inside cells and converted
to ZMP, an analog of AMP and a canonical pharmacological AMPK activator, we explored the effect of AMPK
on energy metabolism and the insulin signaling pathway in adipocytes. Our results showed that when AMPK was
activated, the concentration of malonyl-CoA, an inhibitor of fatty acid oxidation and an intermediate in fatty acid
synthesis, diminished by 80%. They also showed that AICAR activated AMPK in differentiated 3T3-F442a adipo-
cytes and enhanced insulin stimulated Akt/PKB activation as well as GSK3p phosphorylation. In contrast, the abil-
ity of insulin to activate mTOR, a critical kinase for protein synthesis, was impaired by preincubation of cells with
AICAR. This led to a decrease in the phosphorylation of downstream effectors of mTOR, including p70S6K, S6
and 4E-BP1. Furthermore, our results revealed that AMPK directly phosphorylated mTOR and inhibited its auto-
kinase activity in vitro and that AMPK activation by 2-deoxide glucose caused an inhibition of mTOR in MEF cells
deficient in 7SC2. Thus, our results for the first time demonstrate that AMPK phosphorylates mTOR which leads to
the inhibition of its kinase activity and indicate that AMPK regulates mTOR at multiple levels. Collectively, these
studies suggest that AMPK exerts a global effect on energy metabolism in adipocytes in which it inhibits both fatty
acid and protein synthesis and stimulates fatty acid oxidation.

Key words AMPK; AICAR; insulin; Akt; mTOR

Received: May 18, 2011 Accepted: August 8, 2011
*Corresponding author. Tel: 86-791-8692507, E-mail: hdq0515@gmail.com





