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The Expression and the Subcellular Localization of Regulatory Subunits of
Class 1A Phosphoinositide 3-Kinase in L6 Skeletal Muscle Cell

Joo Hong Woo, Jeong Soon Lim and Hye Sun Kim'
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PI3-kinase activity through p83, the regulatory subunit of class IA PI3-kinase, is indispensable for the growth,
differentiation, and survival of skeletal muscle cells, but little is known about the function of other regulatory subunits
such as p55 and p50. We examined the subcellular localization and the expression of the regulatory subunits of class IA
PI3-kinase in L6 myoblasts. Both p55 and p50 as well as p85 were expressed in L6 myoblasts. Whereas p85 was
localized at both cytosolic and nuclear fractions, p55 and p50 were localized at only the nuclear fraction. During the
differentiation of L6 myoblasts, the protein concentrations of both p55 and p50 were decreased but that of p85 was not
significantly changed. Menadione-induced oxidative stress induced the translocation of p85 from cytosol to nucleus and
the increase of p55 expression. These results suggest that the regulatory subunits of class IA PI3-kinase play an

important role in L6 myoblasts.
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FAZ AE (skeletal muscle cells)y= Feiz], AslerA 2
3l2 3le AXo|tt FulY File gAEd 29 AXE
(myoblasts)7} Al AE e Tt v 2@-&
FAt =, 2GR 29 AT AL F712RE WA

QA AA Asla ARE A4se] §FFLEN o
glo] 23S FAgg) AyshshA F3= myogenin, myosin,
o-actin, 2 creatine kinase®} 722 ZE0|4 guld =S By
3= Zo|t} (Bischoff and Holtzer, 1969; O'Neill and Stockdale,
1972; Endo and Nadal-Ginard, 1978; Nadal-Ginard, 1978). ©]*
g FAZ) Eal= Aws AAZE chdAY A3E A
ot ") oledt o4 Mx¥e] B #HAHe 2AsE
AZ W A% g F44 daixes g2 77 Jg=En
itk PI3-kinase A% A IAHE 1 Fo| shielth &, Ly-
2940029} wortmannin®} -2 PI3-kinase AA =FA]7]
A E9wio] p8sE TAAZ] 29 AEE 23 JA"
The HilE Pl-kinase A5 A7 HAo] 22429 E3lo)
m-¢ e #o] 98-g AlAFgH (Coolican et al., 1997;
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Kaliman et al., 1998; Jiang et al., 1999).

PI3-kinase™ T+ MX o] E3HETE ofje} HEY AE,
37, 34, B0 A 8 R AXE 24 9EY Qg
3 2e theke 7153t Baisle] glrk (Cantley, 2002). B
712 g7 ulel 2lal™ PI3-kinase:™ class I, I, ¥ 1<
A N9 aFeZ Yozl AxEte] AT $EAEL
class I PI3-kinaseE &4 311|715 PtdIns(4,5)P, = 14H3lsked
PtdIns(3,4,5)P; THETH A E Do 5017 Pdns(3,4,5)P;
= pleckstrin homology(PH) =S Zte i} A%
gt} Class I PI3-kinase™ oF7HA] 2 7]%5o| 2 <4&A
AA FA, clatrin?} #Ho] Qv AoR FASAL Q)
(Gaidarov et al., 2001). Class IIl PI3-kinaseoll & E=ellA 27
B Vps3dpZt o™ PudinsTHS 7R o]-85t Ptdlns(3)P
2 4kskAI7IT) Prdins(3)PE FYVES}H PX (phox homology)
2 zh= ghlEo] Qlaste] Agsict (DiNitto et al, 2003;
Lemmon, 2003).

Al 709] class FolA class IAS} IBYF 24 A (regu-
latory subunit)=3 ol HHA (catalytic subunit) S = 738
o A7) 28 2E AHHE2 class IAS] p8S5ae, p8SP
p550, p557 2 p50a2t class B2 plo1e] Utk Class 1AS)
24 gAEL E24] (tyrosine)o] QAFEHE +EA 2
el Fu DA pl1os 43 AAFTE 715E T
(Vanhaesebroeck et al., 2005). Class IBS] p101-> G protein 2
T FEAEN M G 2EE Gy ATt 9 &
AA plios B Zo2 BIAHPAT A
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2182 opA7AA] o & Rol ATt (Voigt et al., 2005).

Phosphoinositide 5 #E ¥ 45 dg 71%of g A7
T U2 AE gHolu MEdA dojube 2g-5d o
atod FFHo] vk 22y oA % phosphoinositide S ©]
A Zlo] BRI o]5S sk AATE Sheol B
& A3 AT} (D'Santos et al., 998; Neri et al., 1999a; Martelli et
al., 1999; Cocco et al., 2001). Ptdins(4,5)P,¢] 341} Hedg
phospholipase C (PLC), inositol phosphate-related phosphatases,
2 DAG kinase”} 3ol EA3F3L A3 (Asano et al, 1994;
Previati et al., 1994; York and Majerus 1994; Neri et al., 1999b),
PI3-kinase™= W AESH = AY3ets FA48 Fato] Al
Xo] &ojl EAsl= Aol BuHSIT} (Lu et al, 1998; Bacque-
ville et al., 2001; Neri et al., 2002; Visnjic et al., 2003). Z&]L}
Holl EAgtE ol 49 FAHQ ALl daixE o1
7 & A A etk

Menadione (Vitamin K32 &9 X E2AZ o] 8=HE E3
% shz, Hy0, Aol of3t A3t 2B Le] 729

o o

3} B2 arylations E3A M=) &4

ZA 93 9)t} (Suzuki and Ono, 1999; Lamson and Plaza, 2003).

C2C12 TAEFE F2 559 menadioned] =FE wol=

apoptosis”} F-HH 1, ¥ = »=FE ZH$ apoptosis2}

necrosis7} 74 dojdtlE ¥z}t g1t} (Chiou et al, 2003).

Menadione®] 2]3 4t3} ~E& A& Pl3-kinased] &4d¢] o
A A AEY &g SV (Jin et al, 2004). Mena-
dione- cardiotrophin-1 (CT-1)9] #S F3}4 cadiomyocyte
9] ®3}E 2 3}=), Pl3-kinase?] @40 AE F¢ &
37} HA) =T (Sauer et al,, 2000, Ateghang et al., 2006).
o] A¥EL2 menadioned] &£} Pl3-kinase7} LS A3
o] U5 PAIFRE Aojth £ AFlE Le vy =49 A
F4 menadione®l] 23t 243} ~EH 29 oot W PI3-
kinase2] M-8 AF37) A5 class IA PI3-kinase?] 4
GAAS wd e wiglel A ME o] Fxo o
g ZAFEksAT

=
H

0
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1.1 2

L6 =4 MEFT American Type Culture Collection
(ATCC)N A T3} Bllo} 49 A (fetal bovine serum;
FBS), 234 (horse serum;HS), antibiotic-antimycotic sohition
2 trypsine WelGENE Inc.o| 4 T$13I3it}. Anti-PI3 kinase
p85 A= Upstate Biotechnology, Inc. oA 433t} Brad-
ford £°8-2 Bijo-RadollA] FU3t31 3L, Dulbecco's modified
Eagle's medium (DMEM)3 menadione, 1 £]2] =2 HA|
SHA] & AFE-2 SigmadlA FulistRT)

2. MIZE HiRf

L6 &9 AEE 10% FBSS L33 DMEM (54 Bl
Mol A 377C, 5% CO,2 =7 3ol 3 A F<t ujdkstsich
Menadione s 2{& woll= Al 1 A7t Al A¥XE DMEM
o2 3 8 Ao F vy 838 YA %2 DMEMOA] 1 4]
7} B9t vjk3lTh MenadioneS EAE FEFE At
24 AZF B BY 22004 Bigailnh. €318 frEsh]
$J3iM = HEZ phosphate buffered saline (PBS)E 2 H o]
& TS 5% HSo| E3he DMEM (23} sy oz wshat
o 5Y 294 BAE ARMAA] gk g3 A4
(fusion index)E E43p7] 93] BAE A TR videt AE
£ PBS=E 3 3] o] & F, AFA (95% ethanol : 40% formal-
dehyde : acetic acid=20:2:1) §Ho2 5 B7F 1A%t} 1
A¥ AEE Erdich's hematoxylin 002 30 & FoF A
3 5 b Aol os Attt 200 wie] vlEolA
2|2 Helg Alok Qroll EXghs WA W 5 FolA] 3
o)ie) do] xhE 2 oo EAlEE & 9] v &S

~

g AFE YeEhhAth

de X 0o o

a
=
H
At
X
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3. Nz &5 ZH| ¥

AEE 4T PBSE 3 ¥ AoE F AZLE 53 o
AREE m7bA] 70CoA BASGAY. HAA AX FEES
A7) Y&te] AEZE lysis buffer (20 mM HEPES, pH 7.5, 137
mM NaCl, 1 mM MgCl,, | mM CaCl,, 10% glycerol, 1% Triton
X-100, 2 mM phenylmethylsulfonyl fluoride 0.1 mM Na3;VOs,,
0.001% protease inhibitor cocktail)ol] @il 2L R 472
A 5 15,000 x goll A 10 23+ A4 BEgld] ARA &F
2 AELE AAsI) wha, AZA B ] faA
lysis bufferel @71 AL E WHZE 30 pme] EEE 4o

210 B7F 3 AAZ £ 23-gauge TA vl B3 MEE

o] ¥ FHAZTh o] 48S 47T, 800 x gollA] 10 21 ¥
A Y F AT 2L FE FRh o] AS5de A
) 2

golztal Witk FHE) = thA lysis buffer®
sUT 20 A 44 Felske HEE 2 3 o Algst
YA AR 2o Feld WAES

B & &% &
A1z BaEtel 7 F2ES ¥ REola Ys A
A AT 2E2ES 0E 74 #olo) duly FEE 29
A P9 (bovine serum albumin;BSA)S EF Y42 3}
o] Bio-Rad A|%F& ©]-83}= Bradford @2 a3}

4. HAPMELS (jmmunoblot)

oo ThlAS 10% sodium dodecyl sulfate-polyacrylamide
gel A7) %95 (SDS-PAGE)L.E #&|3t £, polyvinylidene di-
fluoride (PVDF) 2Ho.2 A7) o]% j3ith. waldo) Holdl



e 59, kx| 571 £3E TBST 943 -89 (10 mM Tris,
pH 7.5, 100 mM NaCl, 0.1% Tween-20)% 2] 4CollA 1 A]
b E AAS] AW F, Zzbe] 1) dAE 0] 88k
TIA] 8h2uk Eob 4To|A s wukskgith TBST $H&
gdoz uhg 5 BA 3 HoF & peroxidase”} 2FHE

23 sk B 1 A7 §< 4TolN Was malsin.

o] ¥ TBST €422 5 £4 3 ¥ 4 o|F U5 enhanced
chemiluminescence (ECL)H1.2.2 A7} A%Hsr da s &

Q133
5. MM EZEHMH (Immunostaining)

A Fek2 Yof) WU L6 29 AEE 20T meth-
anol® 10 37+ 1 ASATE 3% BSAS 10% A4 94 83
< Ao} HIE TBST £91& 7A% ATt B8 ¥ So)
9] g9le] A3-S 9kt Anti-PI3 kinase p8S HAIS 3%
BSA 2937} 1:1009) H-EZ gAI3ted 1 AJZE Bt Aol A
u-2-319iTh TBST -£H 02 5 24 4 ¥ wkiale] Koz
% fluorescent isothiocyanate (FITC)7} ZA3tel 3 E7] W
2283 IAE 1:1009] v[ER A5k 40 B TUA P
oA BFS-A)ZIT) TBST {902 5 54 4 ¥ ¥hEslo] Ko

£ T F57 dv|7 (confocal laser scanning microscope)®ll 4]
T}

6. NEEYEH

Menadione®l| 2]3F X2} ASEE A3 YA MIT
assayS Al3IATE L6 Y AEE 96-well MY &7 (flat
bottom)el] & welld 1,500 719] HEE seedings} 37T, 5%
CO,2 oA 72 AZF F<t widstie AlZE DMEM.C.
2 2% Ao & g 4] TFEA &S DMEMOR
ol 37T, 5% CO,9 Z70A 1 Azt 59t wjekslsich
77 T2 menadione®] &3 AMEE 0.05% DMSO9 5, 10,
15, 20, 50 uM menadioneS Z}7} X235t T 24 A7t Bt F
A zANA wikEk F MTT A 2 welloll 1 mg/ml®)
FER AElsta Y ZA0A 4 A7 o WLl §
A9 73399 formazan crystalS DMSO= £3)3}5L ELISA
plate reader (Bio-Rad)E ©]-8-35}o] 655 nme| THgolAe &
BEE 71E 2 3] 570 nm WAM Y FHEE SAS)
St

=+

Zp 9 pE

= =

kd

1. LB 23 MEOIA PI3—kinase =W HRIMES ME
L %

PI3-kinase'= ZA9] AT B3l Fast &€& sl
F 0] X class IA PI3-kinase®] ZA ©-9jA2] 7]%59l sl

ME obA AEsIA LA dA grh £ AtelAs »A
ol A Ay AE Ul £ YAE ZAREH] H8H
g mz2 BISIATE MEA g Eelsly] Hste 23-
gauge TAF HHEE o8] ¥ AEE o|FAIA AELE 33
B3It o] W MEZAo] XA AAR ol 90% ol
g8 w7tz YA drjF e R E1g stHA whEs)
Fig. 1A9] 25 APRE 1A du)id oz At A
2ol A AAH A& BT golrt AvH L
2 g Aol o] gh=x] grisly| skl DNASH 28t
propidium jodideZ 43 F HH HvjFoz B3l
(Fig. 1A, ¥F AR, L 27 8% o] propidium iodide
2 QR A Ao o] et EeHAUTE &
kit

= AZo) EA51= class 1A Pl3-kinased &3 v #) <)

o

5

2
o S H

o
g,
£orle o

O

[o4

FFE ] Aste £HE ¥ £ (lane N)F WA
FE (lane C; B o]Foll= X F8oz BRhHe

w2 pEkEte] thildg gae oy H7] dEoE At
T anti-PI3 kinase p85 FAE o&3te] F43Igic) & 3
o Be7t AFHUAY oF= do) FX @A histone
H49] EA2 gelslich w3k 3 3o Ajae: thelzlol
LN EA ] R = AExut gl Na/K' ATPase2]
EAE A3t 3 ol A histone H49| S &S
Yo} Nat/K" ATPase’s SRIH %] &= oz Bel o B
o] a7t 433 A& & & Aok (Fig. 1B). 3 Al
Ao ZA% Ty deA ¢ GAPDH (Glyceraldehyde-3-
phosphate dehydrogenase)= & HE A A3 HEHA o}
B Aol 223t &) E3loi= Axa EEE 2950l 9}
A ¢8-8 FRI3IATEH (data not shown).

B Aol A ALE-8k anti-PI3 kinase p85 A= class 1A2)]
PI3-kinase 238 WAES BF ¢4k A|oltt (Inukai
et al, 1996). WA A3} pgsE & £ (lane Ny} M E2
£ (lane C) BF AEIHUL2Y p559} p502 3 H-FHoj A
T e 59e) (Fig. 1B). o) A= L6 2% AlE9] & 1238
o PI3-kinase =4 @A/} EATS £H3] RoF= F
sholw, 3k 3 BHol= MEE 2Hae @ p8s 99
p55¢} p509] 24 ©@art 24 HolFE Aot} o]
Holl = anti-PI3 kinase p85 TA & NEE st T
Hu|Hd oz A3 EH Pl3-kinase =4 A9 A
ZE dolr skt (Fig. 1C). T 23}, Pl3-kinase F4
A AEY AxA Ao oA Ja 7
o fAxIstaL glow, dF-= 3
oAFQTh T3 & Qo= FEHo R

Atk (Fig. 1C2) AR a2} ¢). AM=E A= 3}
o HEl 53] 8 FHoR o)g 2H GAE

lo)

s
Hol Qe AE #AE 4 3ot Fig. 1¢9] AR ¢
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Fig. 1. Analysis of subcellular localization of regulatory subunits of class IA PI3-kinase. A. Nuclei of L6 myoblasts were prepared as
indicated in Materials and Methods. Isolated nuclei were subjected to examination with a phase-contrast microscopy (left) and nuclei stained
with propidium iodide (50 pg/ml) were examined under a fluorescent microscope (right). Bar indicates 10 pm. B. Equal amounts (20 pg)
of cytosolic (lane C) or nuclear (lane N) fraction were separated on a SDS-PAGE, transferred to PVDF membrane. The regulatory subunits
of PI3-kinase were identified by using an anti-PI3 kinase p83 antibody. Histone H4 or Na'/K™ ATPase was identified with the anti-histone

H4 or anti-Na*,

* ATPase antibodies which were used as a fraction marker for the nuclear and cytosolic fractions, respectively. C. L6

myoblasts fixed with methanol and immunostained with the anti-PI3 kinase p85 antibody. The regulatory subunits of PI3-kinase were
observed under a fluorescent microscope (a) and the same cells were observed under a phase-contrast microscope (b). The area selected by

the box in the photo "a
represented in the plot profile (d). Bar indicates 10 um.

o] A= Pl3-kinase 24 TS o] L nie} o) L6

29 Az Azt AzAe] EAjskA| Rt o) vt FHa)
& QT EA3tHE AL ¥ BT Zlolvh Le &
Y A|FEo] oM T p8s, p55, L p509t 2-E PI3-kinased] £
A GABe] drdTE A 01% z272 S A7E oA
A 02 £2 PB-kinase®] ZE5 F3to] oW V)T &

a3 982 AASHE Rolth

2. L6 2¥ MEel 28 MFol e PiI3—kinase =F

oM S 2X

AT ATE 28 PR Fojol Gael 29 AT A
2 g3 thale] 2pe wet Yey B} 5440
o ols} g7l AL vle] B wASe] 9@ st B
Atk 47 A BT BASHE 34 gl
%9 Lo 29 AEE $3h YO v T F4g

" is enlarged (c). The intensity of the regulatory subunits of PI3-kinase localized on the line in the photo "c" is

HEI MR dER wjdetdr dA AJdEn B
M E #3 ffE F 24~30 AIARE §38E
o 96 At o]2H oF 80%2] M7} = He=
Eldt} (Fig 2A). 3HH Pl3-kinase®] &4 ZFAL
B3lof] M=) F @31, PI3-kinase?] TS AAEHH 2=
o] whilz o} myogemn«] w3o] Asja B
AEe §3= AAEE Ae2 L&A A} (Coolican et al.
1997, Jiang et al., 1999; Kaliman et al. 1998; Woo et al., 2006).
Aol A= o, 3, AR oh2} TAT A ML class
IA PI3-kinase =4 S A7 £43) (Inukai et al.,, 1997).
T obx] 29 Alae] 73 BACAN ZF RS VT
oL} ZHE AL deix YA Kk

gdxel ARE Tt wlYg 2 M ZEA P3-kinase
TAE FRIsIFon® ofdlE Lo <9 AEe &3 34
X ojg xd GeiAle] 4 9 AE i E¥7) Mgk

r:'i
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Fig. 2. The expression and the subcellular localization of the
regulatory subunits of class IA PI3-kinase in the differentiation of
L6 myoblasts. A. At the indicated culture times, cells cultured ina
differentiation medium were stained with a hematoxylin solution
and the fusion of myoblasts was determined as described under
Materials and Methods. B. Under the same culture conditions, total
cell lysate, cytosolic, and nuclear fractions were prepared as pre-
viously described. The expression of the regulatory subunits of
class IA PI3-kinase was assayed by an immunoblot analysis with
the anti-PI3 kinase p85 antibody. Arrow head indicates an uniden-
tified 60 kDa protein which interacted with anti-PI3 kinase p85
antibody.
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3} el R 2 & 28 (nucleus) S WWE
(cytosol) 7 E2]3FSATh T WA
Neta 2 FEEo] EAsH: Pi3-kinase?] 8
HAH AL Fato] Lol dr} (Fig. 2B). HA p8s
23t 27158 Al oo HojZm 9lon, Al A
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o EABE p8sY] W2 w3t Xlagel wet ok 2
ﬁ‘:} a8)a psse] ek ®al vl wet IA #
o2 vehskon], psoe] LEYS =3 HojA £
F3lo] #R1517] ol Fig. 13E 28 XA
FollA] p50o] WAEA F= A2 o] gzl of
Jo 2 48k —%z}]é}ﬂ w Bl Aoz AztET A
< iz Bty o]F 24 dHAE
SHIEARE o5 F7o] AE T2
HAFGh WA pssel BHS AEF
1 Q] 48 AlZkel] oRzE ZrAE]= 33
1= HA] ThA] 23 7] A (0 Ahe] 4o
Aok eyt & 2Ho EAShE p8se] ¢ Est
5\_3}03‘4 Fig. 104} Zo] p55* 3 8ol
o E37F dlgd w1 S ohd 3FAs
| NI FEEAE 7423]] 24 pso
b2 47] 9% e W AEHeH,
s7b Qo) whet FASla AE F3o] A
7196 ARtolle Al AEHA] Pkt Hold 7t
48 A|7te] @At & 60 kDaoll dFste why
A o] anti-PI3 kinase p85 Aol o|3]A AEHEH=d| o]7o]
g Az Fol g of Al7ldvt WHEE E T2
PI3-kinase =4 THIARIA| oA v] Fol& 1§31
tiaiA = o] g<lo] Hasith

PB—kinase—‘z /‘1]394 A=k,
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LH OIEOHE 40:15}13]- (Berger et al, 1994). Axh& 2313k
A2 BN psel o] w5t 3ol et 2 WHE
Holx] o= AL ol¢t o] IF 29 7)ol Lo =
& ASAHor Fspy] i Aor Y4 F gk
g slol = pgssl 7 ohE 2 WA psss} psoo]
ZA50] o159 G B} 2ol B Rap} 195N
T HAishe Z oz Hol o]8e] 82 BA4Y st I
A=) Rell Doz Aox A4Ark oty A= 29
A Eo] B3l HAA class A PI3-kinase®] & A<
St wEge] A AXHE FHoIM tE=2A) veEhta L
AL o] g 7)ol &3} gl wet g

=

_u

0100

3. Menadione0ll 2|8t p859 SHo 29| 0|1 p559)
E el

A7ke] Aol et Al Al AlEQ] 293T Al
g 2B 2E vlehd pssrt Hoz A Jvke Rust

ST} (Tanaka et al, 1999). LejL} o] ZA| o]t pg57) ol
A o Z-8-& =X o} EyslA weixx] ¢ka gich
o|Holli= ¢ AufellA] uk3l el &A= PI3-kinase?] F
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Fig. 3. The effect of menadione on the expression and the
subcellular localization of the regulatory subunits of class IA PI3-
kinase. A. Cell survival under the menadione-induced oxidative
stress was determined by MTT assay. L6 myoblasts were exposed
to menadione for 24 h with increasing doses. The relative viability
is expressed as a ratio of each treatment to that of the DMSO-
treated cells. B. Cytosolic or nuclear fractions were separated on a
SDS-PAGE. The expression of the regulatory subunits of class TA
PI3-kinase or histone H4 was assayed by western blot analysis with
the anti-p85 or the anti-histone H4 antibodies, respectively. Arrow
head represents the unidentified 60 kDa protein which interacted
with anti-PI3 kinase p85 antibody.

4 QYA 5ol el Bust Bl JEAE 24}
AL F, L6 <Y AEAE At 2E# 20 o3 o]E
.?_E_;(]E 01—0]—1.—,1_01‘{4—

24 T Ale] A | ol HaAS
E AT M= menadioned X831 =1), ©)9] menadione
2 oy TR MEEAA A 2EY2E fdste] AX
APES Fste Aoz deixl EF@olt) (Lamson and Plaza,
2003). HA L6 2 A E7F menadioneol] 3l FU=E 4t
3} 2E#H 2o e W] E18) 2] fste] Axe] A
E88 MTT assayE B3lo] A BATh (Fig. 3A). I8
oA B nlet Zro] AE X (5~10 uM)2] menadioneol] A &
AEe] AEFo] 238 10~20% A= F7Hskgleh 1yt
FE7F F71g] el A3 *@“‘—EL T4 A3l
20 pM o2 FEoA = i A EE0] /‘}tga'?i‘%
o] 23+ menadione©] ¥A T O]/‘Loﬂ A

st 2EH~E Fdste] MEE AFEATI

A Aolth W MIT assayS 3l AHE-3 &
AL AAZ vl L Y AEES wgFahE ujoklol
A7 QXL 7] wiEe AlEe) Falo] YRR Fa) Ax
71 AA A &) Hela cellso] HO,7F 2 552
7VeiAE 75 A = wEt F24o] F7tskE F (Liu et
al,, 2003) A% Ak3} AEYAE o 71X AE AdS
Yosle BAR 23t Hart ok J2Re Ak
9] menadionedl| 23] FLEHE 4ka} 2Ed27t 2318 L6
= Axe T4E FUe A A 2HRE 48
7P R A £ gich

olHell= menadione2} 2-§-of 2314 PI3-kinase 24
NAES] FHT AR YoM 227} Hgls=AE 2
gt A 71ed Wi ujel 3 B ¥z 2
mZ E2lste] AT PI3-kinase 28 SAEY %S anti-
PI3 kinase p85 WA & ©] &3l A9} (Fig 3B). 13
oA HiE B8} o] menadione® M FEe}t A Al7lo]
FNEFE Mg 8o EASHE p8sY ¥ thk Ta
spgick vk & B 3lo)| M= menadione) =7} S7ME
p8s59l ¥o} A FrlekE A& B F Uk o] A=
AT 293T AHlEAMS} vPIZIA R L6 =4 Hliow
menadionedl| 2J3] = Absl 2E#AVL p8SE HXE
Jo| A ozl o)L 5 F S BAeFE Fouth
FH psse FAAMT HEHI T, 15 M menadione 10
o}, 5 uM menadione<> 30 & X 2] A7kl p559] ol ThA
F7RISS BT gtk 9A *ﬂ:ﬁz}l} el Felg &
¢1&8+7] 38k histone H42) g
15 uM menadione®! 10 & < Hzd H¢- /‘1]*‘@51]' e
ot]el A% histone H47} HEE A 3L, 30 & Aol A
= oA &zt FEHE <17t T3 AE (human keratino-
cytes)?] AollA] duiEe] =48 FUsHE glyoxalS 3
Qke] DNAE A1 Bt o} #9] proteasomeS A
3}AA carboxymethylated histoneE2] B3E F315h= o]
ol BT (Cervantes-Laurean et al,, 2005). o] 23}
= histone H47} menadione®l] 9J3+ A3} AEg |20l 28 ¢
A FZoA A3S v Ao Boln wEA Ha #
A S E= Aoz AziEc)
AA7LA) 2] PI3-kinaseol] W3t I MEAI AT
EAskE o] Fho] 2hgol tigh Fo] FE o|F R L
v} FollE o] a4t ol s EAFohe Ba1vt 9o 3“01]
A9 o] gilize] Fe] digk BAle] JFSHD Yk &
Toll A PI3-kinase?] Zd ©|A7F AEZERE oz} ?51.401]
T EAsta, 3 AEZ EAse 2d dHAV e
W, 72 23 343 menadione®] &3 AM3l AE 20
AgiAM 24E & ASE HHh JeBE Hof ExjEe
PI3-kinase®] 2H8-& B3l A7 A% Holof dt.
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