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Heat Shock Protein 90f Inhibits Phospholipase Cy-1 Activity in vitro

Sang-Min Cho, Sung-Kuk Kim and Jong-Seo Chang'

Department of Life Science, College of Natural Science, Daejin University, Kyeonggido 487-711, Korea

Phospholipase C-yl (PLC-y1) is an important signaling molecule for cell proliferation and differentiation. PLC-y1

contains two pleckstrin homology (PH) domains, which are responsible for protein-protein interaction and protein-lipid

interaction. PLC-y1 also has two Src homology (SH)2 domains and a SH3 domain, which are responsible for protein-

protein interaction. To identify proteins that specifically binds to PH domain of PLC-y1, we prepared and incubated the
glutathione S-transferase(GST)-fused PH domains of PLC-yl with COS7 cell lysate. We found that 90 kDa protein
specifically binds to PH domain of PLC-y1. By matrix-assisted laser desorption ionization time of flight-mass spectrometry,
the 90 kDa protein revealed to be heat shock protein (Hsp) 908. Hsp 908 is a molecular chaperone that stabilizes and
facilitates the folding of proteins that are involved in cell signaling, including receptors for steroids hormones and a

variety of protein kinases. To know whether Hsp 90§ affects on PLC-y1 activity, we performed PIP, hydrolyzing
activity of PLC-y1 in the presence of purified Hsp 90p in vitro. Our results show that the Hsp 90p dose-dependently
inhibits the enzymatic activity of PLC-y1 and further suggest that Hsp 908 regulates cell growth and differentiation via

regulation of PLC-y1 activity.
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Phospholipase C y-1 (PLC-y1}2 A& B AALZA QA
ZQ1 phosphatidylinositol-4,5-bisphosphate (PIP,)E 7}=%3]
3l 2} A& diacylglycerol (DG)Z inositol 1,4,5-trispho-
sphate (IP3)2 A4 3t} (Berridge, 1993; Nishizuka, 1995). DG
= AIE WellA protein kinase C (PKC)Q] EA4d¢ixtz 2hg3}
I, IP;+= endoplasmic reticulum (ER)2] IP; receptoroll 2§38+
o224 ER W] Ca™'E WEAAAM AEZ 'Y =
& A7l 28-S ) (Kamat and Carpenter, 1997).

PLC-y1-Z 1290719] amino acid® ©]Fojz @Az B
7HA B4 49 75 vk 7] catalytic @9 X
¢ Y 99, ibshd EAst A¥shE SH 94, el
Ao} 91| Ho] AjelE PH JFG o= F4d5of
(Lemmon et al., 1996; Lemmon and Ferguson, 2000). PLC-y1-&
F M9 PH H99E 7143 glEd 1L Skt N-terminal 7
ol EAstaL & thE PH 992 SH 99 (SH2-SH2-SH3)
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of oJa vhHo#] T} (Gibson et al., 1994; Chang et al., 2002).
PH 992 AX 3dg @izl G dilde] py Ao}
WA (Touhara et al, 1994)%} So|x o= A33lal PKC
(Yao et al., 1997), EF-1a (Chang et al,, 2002) 53 % J34&
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PLCy1& "I/HE 3= A o] Asdgs o#shr] 9
&A1= PLCylol Afske 24 oz

3
o)
> o
ot
o
ol
o,
k1
v
o
2
G
N

FEE AE=AE G3tolof vt e ojxe] AT
A GST-§% WA AE o]&3ted PLCy19] PH %
%8}= B-tubulin (Chang et al, 2005)3} neurofilament light
chain (NF-L) (Kim et al,, 2006) 55 5743 v} glc}, 2 o+
o A= PLCy19) PH %90l heat shock protein (Hsp) 90p7}
AT AbdE wel L o whiEe] PLCy1S] Ead
%

Aalsta glee BRIsh
Hp 90BE TRl 334l T g4 Fgeld wuz
o 4BF foldinge] Ol FANES fFESHE B2 ABIE

=
(moleuclar chaperone)2] Y<E-0]t} (Buchner, 1999). o] w2
< T AX 9, A%, A 24 9 3 Bdste
Fag dNA S A%st7| = It (Whitesell et al., 1994;
Stancato et al., 1997; Sato et al., 2000). =3+ 4| ¥ Al A}
ZEE B8 gt F59 kinaseSt® AR FEAL-S
ojf3 AHZO|E TEE FEAY AFEY 1 VA o
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FS- 3171 3} (Luo and Benovic, 2003). 71733 A9} 1]

3l o] QA EES Hsp 90pY A7) 57k glo
W, Hsp 907 AFd 74§, SAZE HPAI7]= D]
FX 7} A= Aol Bad vl itk (Vilenchik et al.,
2004).
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1. Materials

2 A8l A2 Hsp 90B cDNAE American type culture
collection (ATCC)ell Al T+ 3+t GST fusion protein®l] A&
F GST vectore Amersham Phamacia Biotechol| 4] #3151
12]31 anti-FLAG antibody2} pFLAG-CMV2 vectors Sigma
Atell A Y3 Nitrocelluose membrane< Bio-RadA <]l
A 7943} 2, glutathione sepharose 4B (GSH)9} ECL solution
2 Amersham Phamacia Biotecholl Al T8} t}. FLAG-M2
agarose bead ¥ 3X FLAG peptide= Sigmailol|lA] 4513
I [*H]-PIP,= Perkin Elmer Life Sciences (Boston, USA)°l 4]
T-dstdeh

2. Cell culture and expression of pFLAG—Hsp 90B

Azl A MEQ] COST cell& ATCCOIA FY3F3AtY.
HE+ 37T, 5% CO, #7194 &84 (100 units/m] peni-
cillin @ 100 pg/ml streptomycin)®} 10%2] 4:2] o} 3 o]
X3+ Dulbecco's modified Eagle's medium (DMEM)o| A Hj
Fstdrl.

Hsp 90BE HY3}= ¢DNAES PCRSlY ZEA7 %
EcoRV¥} Sall®] AFtaAE AE3le] pFLAG-CMV2 vector
(Sigma)ell A4t o1ZA A2kE A=F DNA (pFLAG-
Hsp 90B) 5 g lipofectamine (Invitrogen) 10 ul$} 33 F
©]& COS7 cell®] transfection 3FATE 48A17F0] Ak 2= COS7
cell& 3|53} FLAG epitope©] §3€ Hsp 90BE AA|s}
gt 2 HhEe o3 2t} COST cellell 4] pFLAG-Hsp 908
2 #Jdd A]7] ¥ Igepal buffer (20 mM Tris-Cl, pH 7.5,
1% Igepal CA-630, 300 mM NaCl, 2 mM MgCl,, 1 mM EDTA,
10 pg/ml aprotinin, 10 ug/ml leupeptin, 1 mM phenylmethylsul-
fonyl fluoride(PMSF) and 1 mM sodium orthovanadate) 1 mi<i]
LA HG. FE2H COST cell lysateE FLAG-M2 agarose
bead®t 4CellA 1A §H&-AIZTL ©] beadE TBS buffer (50
mM Trs, pH 7.5, 150 mM NaC)ZE A8tk 3X FLAG
peptideE H7F5ted 4TolA 58 F< WH-AIA bead Y-
E] FLAG-Hsp 90B fusion proteing ®£2]A1Z]l & ¢4 B3}
o FLAG-Hsp 90p fusion protein—% e = (Welch
and Feramisco, 1982). @4 o] A=F2 BSAE ul=T2 &
= BCAKkit (Pirece Co.)Z AMg-38t5ith

3. Expression and purification of GST fusion proteins

=73
2218 PCR3IIT) 5 F-2loll= EcoRI A|gtaAE IA8H=
primerE, 3' 9ol Xhol AFEAZ A2A8}E primerS
AHEEIIT A EAE o838l PCRE F% ¥ PLCy19
t}aksl PP E-S pGEX 5X-1 vectorell A EH T PLCy1<]
7} 4ol g3k GST fusion proteinE2] ob|=At A&
o33 2} PH;: 25~145, nPH,: 477~547, SH2N: 550~667,
SH2C: 668~735, SH3: 791~836, cPH,: 850~979 o}m]=Ato
343t} (Chang et al, 2002). A12% DNAZ E. coli DH500]
BA42%) 3}o] GST fusion protein WASATE F2AAE &
E. coli DH50Z 3 ml LBoA|¢] 3245} vlofst & o] t)A
30 ml A 2$ LB Aol %A 3413 o #l%ste] 0.1 mM
isoprophylthio-B-galactosidase (IPTG)E ]|t 25Tl A 3
A%} &<k GST fusion protein®] AP HZ=ZE F=319c) o
S 8,000 pmoll A 1087 94 #elsle] A3 pho-
sphate buffer saline (PBS) 2 ml ¥} #E3}5t}. Ultrasonicator
& o]&3to] cell2 lysisdHal triton X-1002 FHE 1% HA
e F 1023 A Feste 1 A5 HS glutathione
sepharose 4B (GSH) bead$} 247t &< Wk-5-3F & 44| 5) o

GST &% ©jduhe w42e gl
4. In vifro binding assay with GST fusion protein

GSH beadoll A%< GST fusion proteing z}Zt 3 pgZ A
23 & 7)ol COST cell lysatesZ 1 ml (1 pg/uly® H7}13}
o] 4TCoA 2717 Bt HHE-3H3ITh ©]& Igepal buffer= 33]
FAIgE ¥ 10% SDS-polyacrylamide gel electrophoresis (PAGE)
8}3t}. Coomassie brilliant blue (CBB)Z 3043+ @413 5
Sajstel Hhuld MES SIS,

5. Immunoprecipitation and immunoblotting

HAHAALE 33 Zo] 8983k FLAG-Hsp 90pE 7
YEEHAZ COST cell& PBSE 23] A% $ radioimmu-
noprecipitation assay (RIPA) &% (20 mM Tris-Cl, pH 7.2,
1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 150 mM
NaCl, 1 mM sodium orthovanadate, 10 pg/ml luepeptin, I mM
PMSF and 10 pg/ml aprotinin)®l| lysis&} T}, LysatesE Pan-
sorbin (Calbiochem, La Jolla, CA)oll| Z¥3} SRFLAG A<}
Z33ke] 4TCoA oF 2717 7HF WS AAJEIGIT) o
E 94 E83}9] icecold RIPA buffer2 33] <=A3+ &
10% SDS-PAGES} It Geloll &3k Tl A& 200 mA=R
417} nitrocellulose membrane®] transfers}33t}h. Membrane©l]
A%d 99Ae ¥ FLAG ZH 2 1AIRF w88 tha hor-

seradish peroxidase (HRP)7} conjugation® 3} mouse &S
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2%} A2 AF8-8Fth ECL detection system (Amersham Bio-
sciences) S ©]-8-5}47 target protein (FLAG-Hsp 90B)°] &)
e FAdsich

6. PLC—y1 activity assay

¢4 B8 A=z PLCyl (Bae et al, 2000) 0.1 pgdt
COS7 AlEA =4 23 Hsp 90BE 0, 0.1, 0.2, 0.5, 12
B Hlgo] HA £ £ F Ut 30 Wt HES e
At o] ARE 4TolA 147 Bt wHEate] -
A F5A4eE =S ¥ 7|4 [75 mM PIP, vesicle, 75 mM
[PH]-PIP; (9,000~ 10,000 cpm/assay, Perkin Elmer Life Scicnces),
30 mM KCl, 2 mM CaCl,, 750 mM PE]& 713819t of gt
2dg 30T 3087 ¥-83 F, chloroform/methanol/
HCI (50:50:0.3) 1 mIg H71ghe 24 8-S FAsIt) o]
AL w7z 233 5 2,000 pmol A 108 FoF 94 &
gty 4 300 pls SFATH (He-
pler et al., 1993; Bae et al., 2000).

scintillation counting-&

[ A)

PH1 X

nPHzSHZN SH2c SH3 cPH2 Y

@ &\\\\\\Q GST-PH1
CGst-fl  osTPH:
@—ﬁ GST-SH2N
GST-SH2¢
GST-SH3
GST-cPH2
(C o N
o] r z g ?E o £
1 385 558584
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R

Fig. 1. Construction scheme of the PLC-yl and GST fusion
protein. A, PLC-y1 has two PH domains (PHI1 and split PH2) in
addition to the SH2N, SH2C, SH3 domains and catalytic X, Y
domains. B, Each domain of PLC-yl was fused with GST for
bacterial expressions. C, GST fusion proteins were expressed and
resolved on a 10% SDS-PAGE. Marker respresents 203, 119, 100,
51, 37 kDa respectively.

1.GST-8%

PLCy12 thg @dEs) e 4 ds o8 714
AGL 74x|3 vt (Rhee, 2001; Chang et al,, 2005; Vamai et
al,, 2005). °|E 9L Fig. 1A°lA vpebd vlg} Zo] PH,,
nPH,, SH2N, SH2C, SH3, cPH, 59| +=A+& &A1t 9l
9-2E PLCy19] °lE 4%z} éﬁ‘s}w ) x| 9] ghilz
3] 98t o5 dqws il

ZAZ) & o2 GSTQ‘r AN FF oiEE Z=35
ANZ3% DNAS A&sta o]E tigrolA T3 (Fig.
1B 2 0.

GST fusion protein®] &< IPTGS AHE-8te] H =315
th F49 §3 G AS GSH beadol] EFAIZL
dsdoz ?*118}04 Skl 288 AJTh 72 G
fusion proteinS-2 SDS-PAGE Aol 1 #ExpF 2 vy o

S 1 = U} (Fig. 10).

)

2. PLC—y12} ZB8l= Hsp 90B

2] o]l dATollA PLCy19] PH FY7 So|xHo=
ZA%rsl= EF-1a (Chang et al., 2002), NF-L (Kim et al.,, 2006)

{kDa) WCL Marker - + Lysate
203
119
100 <1 90 kDa
51 .« tubulin
« EF-10
37

Fig. 2. The PH domain of PLC-y1 specifically binds to Hsp 90p.
Purified GST-PH domain fusion proteins were incubated with (+)
or without () COS7 cell lysate. The bound proteins were separated
by GST pull-down and subjected to 10% SDS-PAGE. A noticeable
protein with 90 kDa (open arrow) was detected from GST-PH
fusion protein.
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Fig. 4. Immunoprecipitation analysis reveals that PLC-y1 asso-
ciates with Hsp 908 in COS7 cells. A, PLC-y1 co-immunoprecipi-
tates with Hsp 90p and vice versa. B, PH domain of PLCy1 speci-
fically binds to Hsp 908. WCL represents whole cell lysate of
COS7 cells.

% p-tubulin (Chang et al, 2005y B4 v} vk B A+
oAt PLCy18] PH d%o] ZFshe dijd=ar ojde
AFoA EelstA] F8 90 kDa TS FA st 8
9t} o] ThAE glao] MFESQ] COST cell lysatesir 23
Ho] e ghlalea) pPLCy1 S PH el AP S

A2 T
& 2 2 oo (Fig. 2). o] @RS B flete A

100 . 1659.6
801 = ul
80 R
701 8 iE
z 5 = :
5 g g & - "
2 50 3 Rl z
£ o i"’. £~ o
® A & Z
© aof} § o 3 5
E r“:‘ o ; ~ E
i 3 N I B -
ol s B IR | % g A
Me elelltbiERiIRg Zi3@e B 4
20 ! 2 c;g 24 F Eldlas ;w t . .~ ®
i = ¥ ' A 3 DR 2
10 % > \ W ‘ 5 g :
g 1 ) i =
TRTRL O A TR VW L.Lnlh_,
953 1339 879 2478 7953 3499
Mass {mfz)
Fig. 3. MALDI-TOF mass spectrometric analysis of tryptic peptides from the unidentified 90 kDa protein.
LA 3 2200 ¢
£ % 3 2100 }
S ¢ © g 2000
P2 & & 2 € 1900 F
£X
o 1800
PLCy1 » i BT t-PLC- z 1700}
g 1800 |
FLAG-Hsp 90B ¥ isitiin BT 0-FLAG < 1500 |
o g 1400
T o300 b .
@ 1200 + «PLCv1
o oF < (8 11“) -
r r = ¢ 2 R .. dHsp 90p
R R R ’
SRR~ O R P - 0 01 02 05 1
{
= © o0 0 8 o o 0 Molar Ratic (Hsp SOR/PLC-71)
FLAG-Hsp 20 » ' . Fig. 5. Hsp 90 inhibits PLC-y1 activity in virro, The PIP; hydro-
BT o-FLAG tyzing activity of PLC-y1 was measured in the presence of purified

FLAG-Hsp 90B. PLC~y1 activity is expressed as the radicactivity
of PHJ-IP;. The data represent the average of duplicate determina-
tions (mean T range) from three experiments with similar results.

5 gelold 2 &
ionization-time of flight mass spectrometry (MALDETOR)E -
AEpict (Fig 3). Trypsinod 98] A48 o2 714 29
] =58 NCBI data baseol A B B A3} 90 kDa2] ©
AL Hsp 90pA-& & = A

olel, F whuldo] A el M ME FEageta 3l
EAE gd 2] fstel vaddAg dAEith FLAG
epitope©] tagging® pFLAG-Hsp 90p7} 2#¥El COS7 celt

©]% matrix-assisted laser-desorption
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lysates 77t & FLAG 34 2 & PLCyl &A1& AME51S
WAL £ 0|5 9 F A=A 2" 2R A7
Fig. 49419} o] = wulzo] N2 & = &
= Atk o] AR PLCy13} Hsp 90pe] AE oA A
2 A% Y-S orisich =3 %’—al—t— Hsp 90}t PLC-

| PH 9 o= AgsteAl oy
sl D}E FAN= 2% '8%%:%1% g2lst7] $1std GST-pull
down assayS A8 T o] 43 Hsp 90p= PLCy19)
nPH, GYellnt Bo|zog Agsith=s 218 gold 4 QI
t} (Fig. 4B).

3203 =) %] %]

TTTrem e T e e

3. Hsp 90poll 2let PLC—y12| EAEY X sl

Hsp 90BS} PLC-ylo] AlE Wellrd Mz Agsvls A
Hsp 90p7} PLC-y12] EAZA 0] ojHl &S v]E 4= 93

o rlo

S ujit). old, £ Hsp 90p7F EABA0 o3
kg mA=XE LolBr] 3 in viro enzyme activity

assay2 A3} 3 FLAG 3HA1E o]-83k9 COST AE
N FedazvE R Be)g Hsp 90pS PLCy1H
AoiFE F PLCyle] I 713 PIRE ¥alete =S &
A&t} F, 0, 0.1, 0.2, 0.5, 12] & H]E (Hsp 90B/PLC-y1)
2 % guds AoE F AlgadA AREE PHMPS
9F& scintillation counter® A0 ZA PLCy19] A4S
AR 2 A7, Hep 90p2] =0l H]#lldted PLCy19]
o] 7H2AEe Feold ¢ gt (Fig. 5). ] Hil= Hsp
90[37} PLC«y19] nPH, %ol Agsle] PLCy19] 484
& AEtL JFE Hojerh

e

I
™~

1

I!

PLCy1& A €59 =) ghgste] M o Asde
uj k= heiElo|t). wpebA] PLClell A¥ele

24—3]] ‘—H‘” 74 =) ] 1}]4 ix%tﬂ 4.24—@ o]-aH;T‘:—
< B F9 shuolrh & AFelAE ofdl 271t
LCyloll Afsh= m|Ate] diidg FAstzx) si3led
Z% Hsp 907} PLCwy19l PH oJ<of Eols o= #3gls}
A FAslch gk AJF 7 el A Hsp 90p7}+ PLC-
y18] 4838 AATS HIH

PLCy12] PH 992 A|3x= 2299 phosphoinositideE
o14)5ta o}7]o)] AE3tE 715 (Falasca et al, 1998)2 714
3 glojA] wuiE-chalgo] s abg gl whuE-Qlx]z 9
Az zkgo] B vl 9Jr} (Rhee, 2001; Chang et al., 2002;
Varnai et al., 2005).

off mlo flo

0=

Kl

ol Aol A ¥ Hspe & T4, ofn|=Al =4,
54 ¥ oxidative stress &2 7&% SRy AED

ol ofaf wdo] F7kshe

o]t} (Buchner, 1999). @A o] 7|53 ARzt Fa3 &
Al F i A8 o] B4E Rl sl HEE
FEZ HY (foldingyS stofof st=d, ol Fog A&
gl Zlo] AMHE dizolt) F, AbES @] 2
g Hgell Afste] viEel JEE wot Bl A Y
(misfolding)o] Lt 2% (aggregation)& eolZ: 3 o}je}
o] AE ) &R o)F, e dHEe] Faf

Zgo M X 44, B3 2 AENRNA Fas

S 3t} (Whitesell et al., 1994; Stancato et al., 1997).
AE Azl A glojx] PLCy1] &} #edste] of
Aol FAE Hsp 90p= A1E WollA] PLCy19 &
dE g3k dEdS Akt 99, PLCyl2 £
Az Az M EQo) £A8ck7} epidermal growth factorth
platelet derived growth factor®} 72 712k A4=o] A&
7AF AxEo g o]Fste] PIP,E wAFoEA oabxHEd
DGY IP;2 A3/3 3o} (Rhee, 2001; Lee et al., 1999; Ruwhof et
al., 2001; Wang et al., 2001; Bai et al., 2002; Evdonin et al., 2004).
upeha], e]§-9] p=o] gl AdejellA] PLCylo] AMlE A
E@4st 2 SA%te AL of &hol oW 2dE4
o] ¥ & Atk o WS AT W, B AT
ol 4] TAHE Hsp 9082 PLCy1Y EE4G3E sk O
A F9 shiyt @ & ASE SIS w2k Hsp 90
ojatE el s 2AFoRA AR FIo S £

Y 5 YL AN

[‘

F
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