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ABSTRACT Objective: AMP-activated protein kinase (AMPK) is a prime therapeutic candidate for obesity-related metabolic
disorders. It is activated (phosphorylated at Thr172) mainly by increasing the ratio of AMP/ATP and increasing intracellular Ca*
concentration. Biguanides and Thiazolidinediones are both AMPK activators used in the treatment of type II diabetes. However, they are
associated with various undesirable side effects. In this study, we search among thiazole derivatives for the strongest AMPK activator and
investigate its molecular mechanism of AMPK activation, to identify potent antidiabetic drugs with few side effects. Methods: 293T cells
were treated with 14 thiazole derivatives and Western Blot was used to find out the strongest AMPK activator. HPLC and FACS were
used respectively to measure intracellular ratio of AMP/ATP and intracellular Ca** concentration, to investigate its molecular mechanism
of AMPK activation. Results: WSF-SN-10 was the strongest AMPK activator among the 14 thiazole derivatives; WSF-SN-10 increased
the ratio of AMP/ATP and the level of LKB1 phosphorylation, but did not increase Ca*" concentration in 293T cells. Therefore,
WSF-SN-10 activates AMPK by increasing intracellular ratio of AMP/ATP. Conclusions: WSF-SN-10 is a novel AMPK activator which
activates AMPK by inhibiting intracellular ATP synthesis, making it a potential drug candidate for the treatment of Type II diabetes and
obesity.
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Fig.1 The molecular structure of WSF-SN-10

| AR i

1.1 ##l

111 ZARFRF  B- RV K B E R KRR R B
OED) EIEFRNR o KRR (CEET b 2E R A FRA FD, —
FLAWAR (DMSO) \5-AMP —#hEh 5'-ATP —#hEh (3¢ Sigma
] HEE43 024 L9283, BCBL4139V #1 SLBH6428V ), 5228
B . EhE/NEE (P ER M2 e e, A5 oA
110802-200908 FiI 110713-200911, 4l 98% ), s dk (1 il . 7
R - FERE NP DMEM Sl sa st (32 Hyclone 24
Fl), F e R2E mYE (FBS ) (3¢ [H Gibeo /A ] ), Western Blot & 6
&Y (3 E Pierce A, FEPL BRIt AL W B IR IC —Hi (35
[# Santa Cruz 2\ & ),PVDF & ( 3% [# Millipore /A @& ), T
pAMPK AMPK .pLKB1 .LKB1 $i{& (3% @ Cell Signaling 2
A, e i S s (L T ).

1.1.2 #8B@  3T3-L1 [ 44K fi 1D 4 M \293T 40 1 T 26 =
ATCC AH], FEFENTE 1% EHR - 552 0PH 10% FBS
[) DMEM =ik R, Ba g %44 5% CO,,37 C,

113 X8  CO, HiRKGFAE (3EE Reveo A H] ), TR LA
(%[ Eppendorf 23 7] ) ,BD FACSCalibur 3 3040 g /3% (3%
BD 6], AHEIEL(SEE Agilent 24 F]), B BEIR AL fH
TAE R LKA R R (AL — 3R ).
1.2 ik
1.2.1 WSF-SN-10 {942 &M 7F 50 mL = D5 im A
0.42 g(1 mM)AL& 4 112 F1 0.44 g(2 mM) a- JEAL 4- SUE A
i ,0.16 g(1 mM)FC/K ZIREN . HR TRV 2 h, RV,
FARD SR -, SRRV R A5 20 e [ R LR AL ER )
B AT, P G R e 5 A T R AR TR S A Vs Y e R
fRE, ALK R b . bR 2 e, R B 45
i AR AR 0.54 g,
1.2.2 Western Blot  Z3fF40tL. FH & 25 1 BEE ) 75 A AR i
T B AN LA T 4 C 244N 2 h,4 °C, 10000 rpm 5.0
10 min, HX |37 . Western Blot: [f] B- #iJkZ BEALFEEE S, 30 min,
P 5 min ASVEE T, WS N 10%9 SDS-PAGE fi 43 2 &
Fi, DURH R 53] PVDF 81, HE S% AR IR 1)
TBST M # 2h, H—#t ($1 AMPK,pAMPK,LKBI,
pLKB1 Hi{& ) = HEIFE 2 h, Yel A AN —H =R HE 1 h,
VRIS I S, H X 6 B, brid BARSs i R .
123 S A% (HPLC )& M40 X #9 AMP.ADP F1 ATP
RE RN B 3T3-L1 AoiRAS 4N, 4525403 1 he
1 mL PBS W40 F 1.5 mL .04 9, 23,3500 rpm &0
10 min, W37 178 . 244000 A 490 pL w55 R 1 B0 e TR
&) ARIRE A 4% 5 min, 4 C, 12000 rpm g0 5 min, #F5 g
FEHNESE 80 WL KOH A, ARG - i AR
Shimadzu LC-20A HPLC, f&j%f % CAPCELL PAK MG II-S5
CIS, JishHl A NN, FishHl B NBRIREE 2% vhif , HERERE
10 pL, #A7 1.0 mL/min, RS YE, THEREM Y
AMP ADP 7l ATP yfef
1.2.4 w4 HTL(FACS )l AR Ca¥ iRE Yk
A IR 293T 40, 2525403 1 h, A ImL PBS W £E 41 il F
1.5 mL B0, Z L, 3500 rpm B0 5 min, L€ K5 1,
FH 500 WL PBS T4, FifmA 10 wL Fluo 3 fi#ifk , #+& 45 min,
Koz . =, 3500 rppm 2.0 5 min, F 500 wL PBS &4
J, PR =S4 AL (FACS ) A6 40 i P 14 9% 6 1 2, 44
— T A S
1.3 Git=ain

FH NIH Imagel 47 12t 43 BT fo 328 BN I8 28 11 450 1 K
A0 I P R A 50 1 ] GraphPad Prism 7.0 Z3#fr/EI&] . 4%
gy i &0 = ST SRR RS ST A R F R M (EE bR
HEIR 22 HIE 20 T t-test HLACTH AL EICE I 585, F SRR 380 22
Mt (one-way ANOVA) 5 22 20 B4 1 35950, P<0.05 i 22 57
BYiias X, * A0 P<0.05,** {0 P<0.01.
2 #HR
2.1 WSF-SN-10 2 14 FIRM T4 ¥ o iE MR IR A AMPK 8
EF

AFIEESCAEC A (Y 14 Mg AT EY) (WSF-SN-1 2
WSF-SN-14) i 8 1 R i 1) AMPK 05 751 0 I 20 wM 25%)



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol19 NO.13 JUL.2019

- 2403 -

A

pAMPK

AMPK

WSF-SN (20 pM) - 1 2 3 4

35

3.0

25

20

Relative pAMPK/AMPK

0.5

0.0

WSF-SN(20puM) - 1 2 3 4

6 7 8 9 10 11 12 13 4

[ 2 WSF-SN-10 75 14 Fhig £t 4 i MR 58 4 AMPK 3% 7
Fig.2 WSF-SN-10 is the strongest AMPK activator in the 14 thiazole derivatives
A. 293T cells were treated with DMSO and 20 pM thiazole derivatives (WSF-SN-1 to WSF-SN-14) for one hour. Phosphorylated AMPK at Thr172
(pPAMPK) and total AMPK were detected using anti-pAMPK antibody and anti-AMPK antibody, respectively. B. The amount of pAMPK and AMPK was

quantified using the NIH ImageJ software. The pAMPK/AMPK ratio (expressed as mean = SD, n = 3) was calculated and presented relative to the control

(0 uM thiazole derivatives). *, P < 0.05; **, P < 0.01.
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Fig.3 WSF-SN-10 activates AMPK with the highest level seen at 20 uM
A.293T cells were treated with 0, 2.5, 5, 10, 20 and 40 uM WSF-SN-10
for one hour. Phosphorylated AMPK and total AMPK were detected using
anti-pAMPK antibody and anti-AMPK antibody, respectively. B. The
amount of pAMPK and AMPK was quantified and the pAMPK/AMPK
ratio was presented relatively to the control (0 uM WSF-SN-10).



. 2404 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol19 NO.13 JUL.2019

AMPK By 43FHL6, FRATTE A U 25 Wy b 3% 293T 4 i vh
AMP ADP 5 ATP ¥ B 9 5% Ml . F 0.10.20 pM ¥
WSF-SN-10 F1 10 WM FJ/NEER (BBR )b 293T 4fififs 1 h,
HPLC #5140 il N i AMP ADP F1 ATP ¥k i, 114 AMP/ATP
LUfE, S5 E 4A , 25 b B AR ) AMP iR 35 T0 B

2.

i, I E = AMP/ATP HE (& 4B), (20l ib FILRE RS
AT 4035 R fJER 32 4% AMPK.,, WSF-SN-10 4b 3 J5 41 il 4 19
ADP Fl ATP £ 4l i 25 (44, 10,20 pM 1) WSF-SN-10 {#i 41
MIPN RS ATP 7K TR 25 FIXT IR AY 0.66 AT 0.46 15, Ml
AMP/ATP [bfH b FF &5 AXTHRAY 1.52 f5A1 1.94 fi5 . 25 b Jr
i, WSF-SN-10 5 /NBERIA W], REMNHI4HAE N 14 ATP & ki

INEERAE R FHVEXT R, ARV 4H AN A9 ADP R ATP & 7 AMPK,
A
B
a 12 —— — 25 =
) e - & ' '
5 10l - o) 4 <
g E 20
& Z
< 08 T O DMSO g IS
E = B WSF-SN-10 10 M 2
< 0.6 = WSF-SN-10 20 pM g 10
s = B BBR 10 M 2
2 04 = 05
£ = s
= o
Ed
K3 — 0.0
£ 02 creN
2 = WSF-SN-10 (uM) - 10 20 -
00 =l BBR (uM) - - . 10
ADP

[ 4 WSF-SN-10 #IHI MM K ATP & BUSR# & AMPK
Fig.4 WSF-SN-10 activates AMPK by inhibiting intracellular ATP synthesis
A.293T cells were treated with WSF-SN-10 or berberine (BBR) for 1 hour. AMP, ADP and ATP in cell extracts were separated and quantified by HPLC.

The concentration of AMP, ADP and ATP was calculated and presented relative to the control (0 uM WSF-SN-10). B. The AMP/ATP ratio was calculated

and presented relative to the control (0 uM WSF-SN-10).
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Fig.5 WSF-SN-10 can activate LKB1 in 293T cells
A.293T cells were treated with WSF-SN-10 or berberine (BBR) for one hour. Phosphorylated LKB1 at Thr-336 (pLKB1) and total LKB1 were detected

using anti-pLKB1 antibody and anti-LKB1 antibody, respectively. B. The amount of pLKB1 and LKB1 was quantified and the pLKB1/LKBI ratio was
presented relatively to the control (0 uM WSF-SN-10).
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Fig.6 WSF-SN-10 did not increase intracellular calcium concentration
293T cells were treated with WSF-SN-10 or evodiamine (Evo) for 1 hour.
After incubation with Fluo-3, the cells were analyzed on a flow cytometer
using FL-1 as a detector. Intracellular calcium concentration was
calculated from the mean value of FL-1 peak and presented relative to the

control (0 wM WSF-SN-10).
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