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(¥ ZE] BMW: B IE BB 3-34W% (phosphoinositide 3-kinases, PI3K) {55-38 [ A H: v 85 B2 20 53 Wl J 5 B 38
(glycogen synthase kinase-33 , GSK-3B )X} FI R ER S 2A (protein phosphotase 2A , PP2A) I AV IR, ik O T449
2 R 2iH)2E T-BaBUE HepG2 Al HEK-293T ZiffdHh PI3K {553 i M2 i % b 52507 GSK-3B i, J Western blots 347
PI3K 15 578 % M2 GSK-3B TH s %t PP2A HUHEALIER-C W3 (catalytic subunit C, PP2A-C) W EALMBHE R0, % GST-
pull down ¥E1F PP2A-C FrR P22 AR H B #5  (leucine carboxyl methyltransferase-1, LCMT-1)1Yj GSK-3B 2 [A]J& & A7 7E +H
HAEH, 255 H 1LY294002 FIHAMAEAY PI3K {5 S, {2t PP2A-C A H 54k, FH GSK-3B HI7) AR-A014418 AbFHZM 41
PP2A-C W H H4k . GSK-3B 4 GST & GST-GSK-38 AT LA pull down LCMT-1, £5if . PI3K {558 5 5 PP2A ALY H
FEALBTETT , 34 GSK-3pB 182 PP2A-C I H 4k B4 . GSK-38 5 LCMT-1 ZE7EM EAEM , GSK-38 AT figid s LCMT-1, 5
PP2A-C iy HI EARAE A , #E TS I PP2A (3G PE

[€%iR] PP2A;PI3K;GSK-3B;LCMT-1
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Glycogen synthase kinase-3B regulates protein phosphatase 2A methylation
Yang Riyun,Jin Xiaoxia,Liu Fei”
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[Abstract]
phosphoinositide 3-kinases(PI3K) signaling pathway, regulates the methylation of protein phosphotase 2A(PP2A ). Methods: By using

Objective:To determine whether and how glycogen synthase kinase-33(GSK-3B), an important component of

molecular biological and pharmological approaches to alter the activity of PI3K signaling pathyway and its key molecule, GSK-3(3,
we investigated the regulation of PI3K pathway and GSK-3(3 on PP2A methylation by using Western blot analysis in cultured HepG2
and HEK-293T cells, By using GST-pull down, we determined the interaction between LCMT-1 and GSK-3. Results; We found that
inhibition of PI3K pathway by PI3K inhibitor LY294002 increased the methylation level of PP2A catalytic subunit. In addition,
inhibition of GSK-3f in cells leaded to the less methylation of PP2A catalytic subunit. We found that GST-GSK-33 could pull-down
LCMT-1. Conclusion:PI3K signaling pathway is involved in the regulation of PP2A catalytic subunit methylation. Inhibition of GSK-
3B suppresses the methylation. GSK-3p has a mutual effect with LCMT-1 and may regulate the methylation of PP2A through LCMT-1.
[Keywords] PP2A;PI3K;GSK-38,LCMT-1
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(protein phosphatase methylesterase, PME-1) 2% H 3t
6o PP2A 1 HBEAL TR kR i A T B A HE AL T 1
(B2 38 5 5 W) AT B 2H T A T H A B IR
R SR, TR AR A O Y S A O &5 A TR
PP2A %O b, T AT LASS & tau 81, I L
WL AL WE RS B 38 (glycogen synthase
kinase-3B,GSK-3B) A H ZAIMELL tau B AR
R E A2 —, Bl au HE B2 228
MR R RS IBEIRAL . GSK-3B BT M52
PR AL IR 5, GSK-3B 5 9 i s i 22 2R (Ser9) IR TR
MR- B RS W H S 1 IO s R AL K i
10U GSK-3B MRS ARG, Serd PR IL 252
% Hg e LB 3 -3 (phosphoinositide 3-kinases,
PI3K ) 3 f# 1 Y OB 53 22 1B B (protein kinase
B, AKT)JA#E", PI3K {5 il BB 1 Ser9 1Y
BERRAKF-HE I, RPN BER GSK-3B FTHTE,

PRI, $78 PI3K {553 it S B4 73 GSK-
3B SR PP2A FIEALWE 7 ASHIETE A K 73
TV, BRI T PIBK A KA Y5 PP2A 1
Rk, AR LM PBK {55 @B B GSK-38 5
LCMT-1 AHEAEF, TR PP2A Y9 AL

1 MR5T%

L1 A

HepG2 #iififl \HEK-293T 41 fifd ik ( \JR'B 41 it )

pGEX-6p-1 (Amarsham) } H: A3 ¥ I o fi AR
SHE AT WINRLE TS DMEM SR s: 77
F (Gibeo 23 ], F [# ) ; Lipofectamine 2000 (Invitro-
gen 3w, 36 ) s A e H IR SSHR 1 BRIR A BEIKCBR 7
(Pierce 2N ], E[E ) ;RC-DC Protein Assay (Bio-Rad
N ), 32[H) ;Protease Inhibitor Cocktail ; complete,
Mini, EDTA-free (Roche 2], Fi+t);Mouse anti-
GST Mouse anti-HA \LY294002 ,AR-A014418 . B-%i
H 4P (Sigma 23], & [EH ) ; Mouse anti-dm-PP2A-C |
Mouse anti-GAPDH (Santa Cruz 2 F) , 32 [ ) ; Mouse
anti-PP2A-C (BD /A A] , 22 [# ) ; Rabbit anti-GSK-38 .
Rabbit anti-AKT Mouse anti-phosphorylated Ser9
GSK-33 .Mouse anti-phosphorylated Ser473  AKT
(Cell Signaling 2y F], [E ) ;HRP conjugated goat
anti mouse IgG . HRP conjugated goat anti rabbit IgG
(Pierce 23 F) , S ) ; 20 il 4 W (B 38 = R
) ; Western blot fb2% & SEAG I ( Thermo 243 ],
ESEEPN

1.2 7%
1.2.1  @afss e thdh 432

HEK293-T HepG2 4l 5 S5 7E &4 10% 1R
PG A I35 B9 B DMEM 159538 4 3 d 9EFT 1
TN ¥ HepG2 AHMIFERNT 12 LR, H LY294002
(40 wmol/L) 73 FIALHELANNI 3 h;¥F HEK-293T 4Hfit4%
T 12 fLH, I AR-A014418 (20 mol/L) 4k B 24
ML 4 h, SRIGHIINAR 10% B-$idk L BER SDS
FREZE MO ,95°C A 5 min, 13 000 g B0 5 min,
HRE S B B Western blots BEATAG A3 .
1.2.2 HAAzsmpois i

BEYLHT 1 d ¥ HEK-293T 40550 T 6 FLAR .
Fi lipofectamine 2000 Ui BHEATHYL | YL pCl/
HA- LCMT-1, 48 h J& , 4 SR A Wi 4 i
1.23 &G RIEIPT

RC-DC Protein Assay (Bio-Rad 2\ Al , 3¢ [&] ) #f
T A E &, WAFE 1 (30 pg) #E17 SDS-PAGE
HLVK> B . BLE 10% SDS-PAGE, FFE HLE R
90 V. FJZME 110 V, HLUk,  FLUKEE SRS 1l R s4 1
Wi B R FIRESL L RS 2 PVDF JIE BLIE 350 mA
SRR E T UK 2 h BEIEEE RS K PYDF BROCA
A 10% ISR E) TBS rhas iR FEH] 2 h, 435
IMAEH 10% AR W ¥ 9 TBS L & Y —47T (Rabbit
anti-GSK-3B .Rabbit anti-AKT 19 7 B & h 1.2
000;Mouse anti-PP2A-C Mouse anti-phosphory lated
Ser9  GSK-3 Mouse
AKT Mouse anti-GAPDH Mouse anti-GST Mouse an-
ti-HA B B A 1:1 000; Mouse anti-dm-PP2A-
C WIRBERE R 1:500) ,4°ClB & had %, TBS-T Yk
15 minx3 X, TBS ¥ 15 minx1 K, MMAHSA
10% I g W5 %y TBS BL & 89 —HT HRP conjugated
goat anti mouse IgG 1% HRP conjugated goat anti ra-
bbit IgG (#FEA 1:2 000), # i@ HE 2 h, TBS-T
BEUE 15 minx3 YK, TBS ¥23E 15 minx1 K, FIRE
F ECL WA (AT A B IRSEAFIRSY), =
M1 min, EH G BRE,
1.2.4  GST-Pull down Assay
1.24.1 pGEX-6P-1/GSK-3B #= pGEX-6P-1 % J&
kA

H pGEX-6P-1/GSK-3B #1745 %) A8 pGEX-6P-1
AL A5 40T BL21 (1 T pGEX-6P-1 4 GST #%
2 LU EHE GST) 3 2 KPR e RERIBE, % 5 ml LB
(FEFPUER 100 pg/ml) o 37CR IR EEFR 1T
W o %53 K 1:100 HLBIFREE AR, F 1 ml BN

anti-phosphorylated ~ Ser473
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AZEIF 100 ml LB 53239 250 ml K EHEIEI
37°CHR B 5% 2~3 h, il 600 nm ADYCHE M, HE
FEEEBEAE N 0.6 247, IMAE R PTG AWK EE N
0.5 mmol/L, 16°CHE Rk HE SR it %, 55 4 RIigE
W ,8 000 g B0 5 min WOARTTIE . &I A &
protease inhibition cocktail #J PBS 5 ml # Ak, {E2,
UK AR 0 i 52 ik 24,12 000 g B0 15 min,
W 3% . F RC-DC Protein Assay #4178 & &, 7
FET-80°CH A, A WUFASHIG 0y BRIVEAE 430 i
AT 10% B35Sk L BEM SDS FREZR MR, 95°C .
5 min, 13 000 g &5.0> 5 min, JH$T GST AYFLAAR I
PR RIBIE,
1.2.42 5 BH Bk B 69 3% B 4B 5 Ik o Fe 4h 4K
GST #= GST-GSK-3B

B 50% 2t H RS MBI BREERER T+ 100 pul,
A1 ml %% PBS, ¥ 3 K, BHEWEE 1 50%
3 e H RS IR BN HREE S ER T I AR 500 wl 122
AR AE AT, 4CHEF ™, 4C2000 g
B0 2 min, 3 1 IR R T VKR B 1 ml PBS
(7 protease inhibition cocktail ) V&3t 3 i , FH SE AR
IPBS BIF , BT 4CHH ., IRk L4 & HEN
FTEDL, B 10 pl BRF, ISR & 10% B-FiE L
[ 2xSDS FREZE M ,95°C 7 5 min, 13 000 g 250>
5 min, Western blots £z0l] GST Fll GST- GSK-38 4ii
A
1.2.4.3  GST-GSK-3B #h 4t & @k A& & M 45 4
HA-LCMT-1 ¢ 20 4L f# i ¥ pul down LCMT-1

pCLU/HA-LCMT-1 %% %% HEK-293T Ziiffl 48 h /5,
T4 PBS VEAAE 3 vk, FHANMEIEIHAIR, 6 000 g
4°CE O 4 min, 5 B3E NN, vk B,
BRMAEY], 4°C 13 000 g .0 5 min, U8 FiE. T
RC-DC Protein Assay T8 &&=, % T-80°CH& H.
Con LY

W2 HIT 458 T GST Fl GST-GSK-3B A e H ke
I A BB B A BRI A A1 M SR A7, 4°C e 4
4°C 2 000 g 50> 2 min, 57 35  WEEER T, PBS i5UE
e H IRBIEHIER T 6 YK, I 10% B-SitE L EER)
SDS FREZE M ,95°C & 5 min, 13 000 g B.0> 5 min,
JH HA $i/K Western blot £l LCMT-1 J& 75 7] LA#%
GST-GSK-3B 5 GST pull down,,
1.3 %itsFiE

SKHI SPSS 13.0 Zeit kA, a8l LIAEL +
PRfEZE (X £ )RR, Gg B kil 2 (1 K22 i
e A ST REAR ¢ 460, P < 0.05 FR A Giit
XS, BHEBmMEL 3 RSB L

2 & R

=R

2.1 PI3K 55 @309 Fp ), 1Lak PP2A-C 49 F &
AAE A

A 5E PI3K {5538 B2 &5 2 5 Y PP2A-C
B PR JEARAB I | 765537 1 HepG2 40, F A4S Sk
PI3K #1157 1LY294002 (40 pmol /L) ZbHH4HML 3 h,
SR J5 FH Western blot Kl T PI3K {5 5 il % 7 F
AKT 1 GSK-3B BIBEIR L /KF-LL K PP2A-C ) HI 3
bR, 455 B PI3K il 5 A0 38, A 4 46l
AKT R 1L 7K F (P < 0.05,n=3, & 1A), thffi
PR HBER L GSK-3B MIRE I TR, Ser9 MR fk./K
SER IR (P < 0.05,n=3,F 1B),

FFSE PI3K $157 LY294002 ZbEE X} PP2A-C
AR S e, FH AR Sk 25 R 4L PP2A-C 1T
A K PP2A-C B AL, 255 8, LY 294002 4b
PR, B 0 b (7525 RS ALY PP2A-C(demethylat-
ed PP2A-C,dm-PP2A-C) JK-F-FEAE, o RIFH B AY
PP2A-C 7K F-BH B3I (P < 0.05,n=3, K 1C.D), iX
— 45 R PI3K (5 5l S 5 PP2A-C LAY

A B Con LY C Con LY D 1201
] s —
2 Z p 4 I
o Y d | & — — #®
S < A & 80+ s
2 7 | = T
= . Q
<
5 o404
- - - - ‘c% b £ 0
~ v amm_——— e ®ee |
< ) o -
O s
0 T 1
Con LY

HepG2 Z i 40 pmol/L LY294002 AbBEAH I 3 h, 4R /5 FH L FESE b i 4 A, A AKT B2 1k ;B GSK-3B Mk ;C. X H ZLfkiy
PP2A-C(dm-PP2A-C) FlLELFY PP2A-C 7KF-; D 1) dm-PP2A-C 2K EEH5 5 , FE PP2A-C BY/K M IE 5 FIARXT dm-PP2A-C 7K3F-, Con:

XTHRZH LY : 1Y294002 A FRAL ; 5% BEAUAAEL , " P < 0.05(n=3),
K 1
Figure 1

Western blot PI3K 15 53 #1815 PP2A-C 19 H SE4k
PI3K signaling pathway regulates the methylation of PP2A-C
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7 PI3K 5 M F A i 25 FE 4k PP2A-C 7K

S, RIS PP2A-C (Y FF A

2.2 P GSK-3B MAK PP2A-C 49 ¥ A ALK
GSK-3B J& PI3K 15 Zil i B HE 250+, Bl

ZRRY TR AL, 25 g 2 A A A s B Y

P, RS PIBK 5538 F§ & Al i) GSK-3B 5%

M PP2A-C 1 FH SEAL A&, I GSK-38 19 417 il 51

A
Con AR

e e e dm-PP2A-C

— — ——— = PP2A-C

= GAPDH

AR-A014418(20 pmol/L)4bHE HEK-293T 4,4 h
JE AN, ] Western blots 24341 25 F 34k 14
PP2A-C 7K S5ERFWIT AR-A014418 KbHEZH
M), AN A2 AL PP2A-C ikl BT bE,
{H PP2A-C IRIAAKT-BEA R AZHL (P < 005,02
3,18 2), XS5 HULI GSK-3B 1T PP2A-C (13
{k, PI3K 3 % 1] fiE i i GSK-3B $Mi PP2A-C 1 H!

B *
160 7

Con : XTIREH ; AR : AR-A014418 AL FREH . SXTIRAAMLL, “P < 0.05(n=3),
€ 2 Western blot #l GSK-3B #1315 AR-A014418 4b ¥4 i1 Ji /> PP2A-C I B Ak & i
Figure 2 Cells treated with GSK-3@ inhibitor AR-A014418 could reduce the methylation of PP2A-C

Bk,
2.3 GSK-3B *T ¥A pull down LCMT-1

ST PI3K {55 38 2% H Y GSK-3B J& 75 i)
LCMT-1 #95 PP2A-C H FEALEM, #9817 GSK-
3B 5 LCMT-1 Z[EE BAETEA B R, X & GSK-
3B VAT PP2A-C H AL A e 554

B, ERIGFFE BL21 H 323k GSK-3B
GST HIFEHE 11 GST-GSK-3B (18 3), FIF AT LUK+
PEW B GST 14 48 e H K 3h B i 2k 7 4lifk th GST-
GSK-3B 1 GST WyRl& 1 (K 4) , I Atk ry AR vk
Ji ) GST-GSK-38 1l GST 434l 5 i #1541 HA 45
Ze ) LCMT-1 B4R TE 4°CIE T, TER UL
FAREREE A EA S, F Western blot K #%
GST & F pull down [ A& &H LCMT-
1, 25 B/R, GST-GSK-3B AJ LA ik HA-LCMT-1
HI AN LRI pull down LCMT-1(1& 5), T GST A<
B MR BE pull down, iX 55 R K B GSK-38 F
LCMT-1 Z[H "l e e A EAREH

3 it i

PP2A J&—Fh B0 22 2 1R/ 75 R IR W TR I , &
PV Z A AR AR IR (5 5 e SR AR S
JEI), DNA Bl e s MBS, NI 70% tau
R & 1 PP2A BIAZAY™  PP2A-C SZFE5
LCMT-1 1 PME-1 %F H AL AL C O 57 XY R

O Con
. B AR
8120
X
#
& 801
=y
=
I
ME 40 1

T
dm-PP2A-C/PP2A-C PP2A-C/GAPDH
R
&
A Al

¥ 3 Western blot Al anti-GST $ifAKzill pGEX-6p-1 Fl pGEX-
6p-1/GSK-3B 7 BL21 KRIFHFE P Ais Sk

The expression of pGEX-6p-1 and pGEX-6p-1/

GSK-3B was induced in BL21

KR v se 2R 309 17 s AT RT3y P AR
R IL v 1) F LA I i 22 R/ 93 R R B 1
MR R PPP 205 e Al 5 i 14 9 HLEAT & AR
SR ZH B IR A T RE S 40 i Ak s Bh e
BV R 3 JUAR B Ao £ 1) 2%
HN BRI TR IR AR i R 309 7 A5
FAEM 5 PP2A-C G HETH R Z BRI OC R . A STk
38 F AL (15 PP2A-C BTG METH R -, FEAR S
g, EEBSE T PP2A RS LCMT-1,

PI3K ZIGAEE ARG s b 1) 2555 5l B ol
FEAE T, DT 40 R A BRI Sl A 7 A N (18
W, FEIERPAERAMT, B PIBK BE v LA

Figure 3



534 55 12

1636 Moat B R OR ¥ R 2014 4F 12 J
o SCHSEAR ] GSK-3B 2 tau S HL
o GSK-3B 15 PP2A & XF 246 i J1 0 81 45

& QG g

s —GST-GSK-3pB

CST— g

AT DR H Tk S 106 1) B 356 2 2 A4l 4k GST Al GST-GSK-
38, AL GST HLikkrll alifb & M .
Kl 4 4k GST Fl GST-GSK-3B % [ EN3l 43 Hr
Figure 4 Western blot analysis of the purified GST and GST-

GSK-3 B
. 2R
N . 2
()e\\\ﬂ Q,erb‘\ﬁ RoX g%"g
Rl e —HA-LCMTI1

Hid FRIE pCI/HA-LCMT-1 B9 2400 248 5 455 T4 IEH Ik
SEHE B BRIk Bk 1Y GST- GSK-3B 1 GST 43 BT , 76 74 vk
EAFEEAMEAFUT, FH Western blot 84 pull down Ay
FIBTH =5 5 LCMT-1, BT HIHUA N anti-HA , 817 Beads B %
TEIE 5 HA-LCMT-1 (9 20 B R AR 2 il & 8 4
JHEH BRBRUIE A BR T RO AR
€ 5 Western blot ¥l GST- GSK-3B M it F ik pCI/HA-

LCMT-1 #4941 Mi 24 fi# i pull down LCMT-1
Figure 5 GST-GSK-3B can pull down LCMT-1 from the cell
lysate of pCl/HA-LCMT-1overexpression,but GST
can not pull down LCMT-1

PRI =1, B 2ENE = 3, 4- SR B NR IEL
BN 3,4, 5- —BEFRWEAR ENLEE, 3X 2 Fh™= Py L
YERSE AR S A N i Z PR T4 A, N
T TG ok eI B 1, F T A AR N R AR 5 Bk
BEWBEHE SR, A S 5 2 MEZED
AAiG SRR G TS | Al AR R R AR
PI3K {553 % 19 e 537 3Bk i ML P 4 o 2 2
P -1 AT LABERIL AKT, M5 IS AKT B93805,
TEALIY AKT 23380 FEF GSK-3B 19 Ser9 5kt
HIBEmRAL , NI GSK-3B BTG PERFE, GSK-3B J&
BRI tau FHOCTLRG , F IR R, 76 9E
P2 TCA0 M HE 5L 2 tau AT GSK-38 £ 5132 tau AY
VIZ 7 s TR AL /KT 1 B T U8 A 5T 3 k3
I FH R 2 5 25 A K BUIK N Y PIBK W] LA
X GSK-3B AT, JF 5 I tau By 5 WERR AL

tau BERR ALY, AMFFRERM YTt PI3K {5538
P&V AE ML PP2A AR 11 tau 25 (I BERR 1L
PP2A ] LU GSK-3B iR ik , M ffi GSK-38 Ky
TEPETEER U8 PP2A F1 GSK-3B Z [] Y b ] i 45 e
TRUEE tau B FAEAH AV 5, 18 5 2 Ak 7K F- 19 37
5, AHFZE KB, 24 PI3K 017 LY294002 4b
BT, 200 B P 5 R AR PP2A-C 1Y 2R3 4t B
WEEAL, TRMBX PI3K 55 E & 1) Tl GSK-
3B Afie S5 PP2A M AL BA — IR . At
78 FAM AR 40 GSK-3B8 7 Mk, WEBH TR .
GSK-3B FIfiext PP2A (1) FEALAG A 520

PP2A AL 3E C FR5F IX IR 309 56 & iR 5% 3 T
PRS0 LCMT-1 H 564k, A 5250 245 2R 7R
GSK-3B AT HEXT PP2A [ H ZEAL B A 52, PRI,
PR GSK-3B FIfiE 5 LCMT-1 fE7EAHE MM . &1
JAH B AR FH R A5 T AL 4 GST-pull down
o HLYUHE (CO-TP) S DI R | TR L
FAEHARTE  TEABSE Y, FEATH T GST-pull down
XAz ML 7 R R 5E GSK-3B Al LCMT-1 22 8] &
TAFEAHEAE A, SCIR2s R R GSK-38 1 LCMT-1
Z I e AR A B AR A (] 3~5)

PR, 2805 PI3K {5 5l % v] ARl T g
I3 F GSK-3B K540 LCMT-1 FF k%) PP2A (%) H
el HEHAKR GSK-3B &4} LCMT-1 ML 5
A R B — 25 A GRS
[82% 30k ]
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