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Different interactions of Hsp90a and Hsp90B with different substrates
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Abstract:

Background: The Hsp90 chaperone complex functions in assembly, folding and activation
of numerous substrates. The two vertebrate homologues encoded by hsp90« and hsp904
genes are differentially expressed in embryonic and adult tissues and during stress, however,
it is not known if they possess identical functional activities in chaperone complexes. This
question was addressed by examining potential differences between the Hsp90 isoforms with
respect to both co-chaperone and substrate interactions.

Materials and Methods: Epitope-tagged proteins were expressed in mammalian cells or
Xenopus oocytes and subjected to immunoprecipitation with an array of co-chaperones.
Results: Both isoforms were shown to participate equally in multi-chaperone complexes and
no significant difference in co-chaperone distribution was observed. The substrates Raf-1,
HSF1, Cdc37 and Mek interacted with both Hsp90a and Hsp90p, and the relative patterns of
these interactions were not affected by heat shock. The substrates kinases c-Src, CKIIB, A-
raf, and Erk interacted with both isoforms, however, significantly more Hsp90o was
recovered after heat shock.

Conclusion: The results demonstrate that the Hsp90o and Hsp90B exhibit similar
interactions with co-chaperones, but significantly different behaviors with respect to
substrate interactions under stress conditions.

Keywords: Hsp90a, Hsp90B, Heat shock, Chaperone

* Corresponding Author.
Email: alt365@mail.usask.ca
Tel: 0098 912 812 4843

Fax: 0098 361 555 1112 Conflict of Interests: No
Feyz, Journal of Kashan University of Medical Sciences March, 2012; Vol. 16, No 1, Pages 42-50

Please cite this article as: Taherian AA, Krone PH, Ovsenek N. Different interactions of Hsp90o and Hsp90p with different substrates.
Feyz 2012; 16(1): 42-50.

1Al




Blids (Lol o g b A0 (S50 a9 e s 9 LT (slap 89l o glisie s g

¥
Sl 51 0 AL Bl ST

N>

SlaoSsn 0k JWb 5 (Sa, 50 e 5 26 bl ad s a3 s (HSPI0) 40 5ol onis  oKinS 1B 9 il

Syl g Iy dayl i 53 WGT Ol 0925 . 4ls 545 Ol lse e ;5 HSPIOB HSPIOO S gosn s p 93 3,05 &S, (5 5kme

Slrp ) e Dl IS cpl 53 el 455 el (53L5 LIS 5 g Wl s Shos pled 3550 53 bl &S 0 B3 R0uSo b il

ol 455 15 s 3590 3 KaS b a3 HSPOO

s S 0Ly Xenopus ol b 5 01 y1kbey slad s 55 b & 5, o 5 WA 5,0 Jlscade s, (595 9 Sl

S SlaEp IS A D 5 0315 Dm0 2z S 51 S (IMMNOPrECIpitaion) el ogw, S oS

Hdys S s K85 b b g e (5La0s ey ol ere b b 5 T A

SN B s n S oSheS 53 Golen ssba b Gl S s WIAY Sl s n 53 S sl L adlllas i 1t

S gesls STy Ly 5 LT Ay 5,0 s 93 8 L Cde37 MEKTHSFE-1 PAF-1 glal iy g 428 o oS 3 40

o g cesls JESTs lacns s g9 ,a b Brk 5 (A-Raf «-Sre (CKIIB 5lS slal fs g 2udlli (25815 ool » 6,80 5,0~

ol O WT A Gyl S b 15 556 S5 ol el

LA‘}..;}.»LL@?&.S‘J Lol ‘.\JJL\ th‘gﬁ_,shd.@wufbsb PR I rﬁ}x'g.\ A.?JﬂASM:w ol @L‘ZS Uﬂ| ‘5;49:3;3

Al Sl S b Sb o

08y el Spd Ay Ll g AT AT 5, iyt SO O 519

EY-00 Olodeo MYAY Clligus)l g cp3,08 ) oled Lrﬁ;ju 0593 (pad (Lagh— e aslislegs

L2 s m SV HSPIO gl s g oy 1 51 (slockos oo
SL,sSB Ly Jole 25 5 A5, 55 eSS 3 JiKw J!
modds ALl gk g pl Slae s S AV] Adb o (gl aSend
S oS AL s A Gl S Gl g 2 F
0 S g ol JS5 Do)l Cnnty 61 8 U S0
& ool 5 Ghs el gnysn 4 Ll 536 1, OF 4 (g gl
I GFs e Farm kS Al Y A8 D50 50
e KeS g 2l sk 4 ok (kg el oS 4 A
e (Slb sy 5 Aiie Joml o 53 SleS 0l il
by s do 0 53 Sy pSS ol Lasl ol ol (S35
(HOP) .Cyp40 FKBP51/52 HSP70.HSP90 iz
Jaia HSPOO Jols fly oKLoaS 5 53,5 o PAS(HIP) P60
e [A] 555 5o s ek 5 sl 31 sSe 5 P23 s HSPT0 o5
3 = HSF (550 4 5 515 (g5 il (o015 5
-JLss HSF, [4] acily o HSPOO ot aiibid slal
g 5l galaa Al o T g 53 (o el sy ool oS
A ol g eSS dga oS S S sl
Raf gl iy my 00l 5l 1) Aijle L5 s 0y
Src |A] Erk, [\] Mek1/2 V1 +] (A-Raf, Raf-1, B-Raf)

Ao
P am S8 e gladde 540 Gl S
il p5Y gl plad 53 b Sl (sl g [YeN ] ok Oy
IS sS S g el S e My g 53 80 Gl S5
ouls Syt A Gl iy V] 59 op 03 At 43 e OF
Jh J&1s 53 OF b (51 O jmals 5 2l 3205 d ghan )
e 5 055 ATP s aisly HSPOO i A3k o 65,5
Al s 4 Sl S s n e s Shes 2 ATPase 51
(o el Ol 53 [E] ddlyon 3V g s (Sl 4 S8
SN S s Gl A Sl oS s Sy S
JN0] cml 0 0305 Ol KuSs 4 Wyt y 51 81551 ke
Ol 53 80 (Sl s s b e Gla S 5l (S

OLBS (S 3y pole oSl i pi pole Slidons 5 ya o)l Sbinsl

13U c0lgz Sl 08zl o JoSho ok (s58lom 9 (5o95UT 03,5 "
VNIRRT Uy

Oz S po QLIS (S pole alEils «s2i9l) b Ulok O JiaghsS (LA
T psle

P51 000111 ¥ sunsgls <91F A)PEAFY 1015
alt365@mail.usask.ca :539)35| Camy

9 /A/V - 3aled gbpsy A6 U /E/1 Y 10adlys A5

LY



sdmsl Gz sladaonds . dib o PACTAG2 dponsds
Jpams a2l o HA- HSPOOB & 4, HA-HSP90a s
S LT (5,0 s G ey Ol 5l ool
5'a>t ,s HA A bedd oo WAy Gl (s n
b
Xenopus Laevis gl

Xenopus I, Inc., Dexter aw—w s 3l Laail, s
5 laal,y b olib;l ples L3 5 (5l & Mich., USA
Sspe ARELT Ol 51 61K 5 L sla Jasdl ) o
g Ol gl oEils G ataS Al gay 5 435
P A R TV I IV JE - P PP A PYC RV 4
(82.5 mM NaCl, 2.5 OR-2 S 050y J shone SaS'ay
mM KCI, 1 mM NaH,PO,, 5mM HEPES (pH 7.8),
10 mg/L of streptomycin sulfate, 10 mg/L
(SIbl sk &Y i) ols) J 4558 benzylpenicillin)
Al 3 15058 5 L el s i el ) 50k
s 3 Al 0je 4 olRiws g5, p Solu 55 ussy OR-2
AL e b ke LS 3 s WWC oyl >
st OR2 ;5 colow Y8 Sdeas 5 ol o3l g OR-2
b odd 1K WWC oyl o a5 5o (iS5 A5\ mmol/L
a5 ods § OBl VI o o Wl glacamll 3 5 555K,
+/6 ,laze (Narashige, IM300) 55,5 Gou5 o&Kiws KaS
CMV-HA- L, 5 CMV-HA-HSPI0G aesdly 31 ¢ 5 5
Gt 3 o A F G5 6T e 5154 HSPOOP
3 28 ey Ol sl b S sl W s i
Wil SaSan s s S 53 Gl Ssd ln
°C) 1 ol plam 515 5 Colucsy Sdesy 5 b A
S oFs gl Al cde el 5l ey s i S
2 S et (Y°C) 5yl Sus 5 ONC L) d S 05 8
(50 mM Tris-HCI (pH C U 31 o5y = gl Al sl p

7.9), 20% (v/v) glycerol, 50mM KCI, and 0.1mM
AU 5L 5 Ktk sl 55 slisad s, EDTA (pH 8.0),)
(20mM Tris pH 7.4, 5 mM (Bharadwaj 1999) IP
EDTA, 5 mM EGTA, 100 mM NaCl, 50 pg/ml
PMSF, 1 mM Iodo acetamide, 1uM pepstatin, ImM 1,
10 phenanthroline, 50 nM okadaic acid, 0.5 mM Na-
orthovanadate, 50 mM KFl, and 4% Triton X-100,
10pg/ml aprotinin, 10pg/ml leupeptin and 2 mM
b g 0dd S5 P, 5l el D s 03l o1, DTT)

Volacde comull a6l ais 8 eslial [Y2] O, Ken 5 Jing

s 8 LS IP 5L 51 mdy K Vo b 5 C 3L 51 2ds S
Gas o akda V0 Sty 5 0l D5 g0n Cum g Se SS

23

O, 5 0L al

31 g3l of manamy Cdc37 [16] CKIIB 5 [\¥] Cdk4 ([\Y]
slap b ! JVO] sl 0 sdys &0 ol g (WAl i g
hsp900 5395 e g 5 JolSo O30 g0 53 8% S5l 559
5 HSPO0O acsl sl 3315 [\VNN] 35 8 0 S sp90p 4
IA] sl R ds ailie Ao 3 A Ly, Oyl g0 53 HSPIOP

glo=t Lol s o 0Ly Jbo i daulp3 55 ¢ 3550 3 2 4z S
Sl b 1 T 0l (ol o el ez 51 o ol s
(Zebra fish) g, 55 Al 3 Yo das oo ol | it
23 33,5 e hsp90a 5y 245 Sl sy 5 o
e 51 [VA] asS e 3l5 i P90 Dy &S Il
anllae 3590 glos fuS 5 gba A0 Gl iy e SheS s 5
s HSPOO® p 5530 33 3 Koo eyl Ll el 45 5 13
ol addlas 53 s asin WSS 5 28 ol ;3 HSPOOB
o5~ (Hemoglutanin, HA) HA s cude sla iy
Pl F5eS 5L S Sy 5 WATAY 5l >
Xenopus slaceull s NIH3T3 sad s 5 (Zebrafish)
LaonSsp onl Ol (sl iiden o 93 31 o3l .3 8 0Ly
" A e 53 3 s 93 ) SIS A lis ) lateny

Al

by 595 9 10

~05 CDNA  Jls Gl 5 05 5 048 511055 04
ot 5l a5, 8 sl 5 WIA 5yl s o
QI0ATA (s 5y (55 Sy (g e slaosleh 1) g 0
el 3 PCR g, s .38 eslizel (AAC21566.1

(5’-CGGGGGATCCATGCCTGAGGCTCA
CGAG CAG-3’,
5’-GCCCGAATTCTTAGTCGACTTCCTC
CATT CT-3’)
(5°CGGGGGATCCATGCCTGAAGAAAT
GCGCCCA-3’,
5’GCCCGAATTCTTAATCGACTTCCTC
CATGC-3")

s B eslil Ly 5 LT A (0 nis sl o S
S5, 5 g 3 Oly LU sla, 55 55 PCR J g
s CDNA g5 » da sty b L .as 5 048 (pCMV)
S sl 5 b s by WAL 5ol cpiigp 5l ek LSS
Joe S lls 3" 4 sy BamH1 ri}ﬁ Sl Fn Joe
sl 5l L PCR Jases L35 BCORL @51 (sl 5
S = lam gumw 9 0dd e3ls 3~ EcoR1 4y BamHI1
s BamHI (sla@ 3T b sas osls 3, HA3-CMV ety
Bl s pp S HA3-CMV sedly .y 5 05l8 EcoR1

Y oojlad [V oy [V¥AN [cigua,l 5 3,08 | b asbiols g3



AU;JU."- &:73},3: 6\.&(75}}3} < glae u:.;sb

Aoy Ve Jglw Sl s o LSy Aidd oSl 5
i Lad s 05 8 oSl 23 8 ppe s n gl A
s (Invitrogen Life Technologies) My sl sed alons 5
HA-HSP90o L s HA-HSPI0B sladuansdhs 51 oalizul
23Ul pPCMV. I ;555 51 IS 0 5 (sl b 5 )0
Colucsy Sdoar b 5 (IS 05 )PV IC s b ladghe s S
A S (5 Mg (Sl S8 e )Y C LS
V] 0,lSKer 5 Anderson sy, 51 oy = gl Al sl
ks ST 5w PBS b b aw ad gl Tl s .ds 8 eslizu
ke Ve QU Gl e B S I e BB s s
(50 mM Tris (pH RIPA s, 3L 1A vpl Slade g e

8), 150 mM NacCl, 0.1 % (w/v) SDS, 0.5 % sodium
deoxycholic acid, 1% NP-40, 10ug/ml aprotinin,
Sl S L uss § sl and 10 pg/ml leupeptin)

S SeS 4y o 9 003 b glie 0S5 SL y d e S sS
T W TP b g 0k 65 908 O/A O e b K
Gl A 4 SU s dgams > B 5 pds file 235 ¥ Sk

A5 5 1K VoC S5 55 g eks S Jame

ol e, L Sy
» s s 2 Jole o [N] el im0
S SaSan i ges S iy (515 288 s £7C
&l b § &y 4o (TPO300 lowry L.T sigma) (s,
e el Qs Gl IS S d e Ayl S5LSL
= oS3t Ol g SV Y UL S 55 5 51 A
S Js 18G5l e 555 ¥ 5 (Sigma Cat N P-3296)
S oyl s 2 bt °C o cole ¥ Sodady 5 ok b glsee
SU g5 Jgames AV TP 5 5 andy Slos 4235 Yo 51 S
oaliil 35 0 simal gy (51 U s B e g )
s B oslal (o g~ 52k BT oSS izl 5,8 13
s N s S Vot ke sl gy Srale3T 2 sl
i PBS U (pre-swollen Protein G-sepharose)
A3 s K Are 5 3L BT 51 ps S5 Ka 0L 5 ek esls
el oS - L colw £ sy 5 a5 b RIPA
VoG s L aids Y Sdaty b pas ¢ 3 S (5,165
5 RIPA 3L 25 S0 000 b gy 5 0k 5 gy Sl
A i e 55 3 ST o SKhaS S ik a3l
b ) Sdety g s 8 Lol ok (5LaSy s s S
T P ROR L UV SPFRTL F A O ool oS ~
(Laemmli buffer) Y 3o ;dy Ko 60 b gy 5 obd

\ a)wl\'\ a,;;l\\"\\l%:,l‘gcﬁa)‘bilu.bé 4aliols g3

Ldss 5 54 5l 10000g

H90c| H90B| C

NIH3T3 | G | em

Oocyte . .

H90a| H90B| C

NIH 3T3 |

—
Oocyte | | 0D

HA | HA | PIS

IP antibody

Hsp90c Hsp90p control

N | HS N HS N HS

Hspo0| WD GuEED SN eump G G

HA | D S e -

S0l sk s WA sl bt by =) osled K3
Ol sl (A) . NIH3T3 sladsbe 5 bogull 53 HA L oas
L HA-HSPI0@ (sladeandl b lad s (550U slacpts s
V0 lucis Laceull cen 4 5 was oS 5 HA-HSPOOS
Ol 51 e ol YE 03 8 51,5 B sl 51 p S50
PR ACH B U PYRL NG PR PV S A Py
d—s 3L ST L el gy (B) ks S slulis (A) HA
O fmy h9am ot gy Jgoamn s 5 0 plxil HA
(C) s f plabs & Gl s pded 3L 5T L N
s S alalid (S5l ol ) ey 0dd M gl
Sk Gy b g el S 5 bk gad (O J S (slaki el

NTH3T3 slad s oS
DMEM i bsw ;s NIH3T3 slad
FBS aw,3 V¢ lls &5 (GIBCO Cat. No. 41500-034),
259 35 Gelogy el 5 b s R oo 53 axlg Ve
L o3l 22 S €Oy dmys 0 LYV'C b o, 5L Sl

A 3550 gk b A3 VYO Gl 3 dd e ) ad sl

£0



L Jw slacnsy p ilies glaoy S 55 1, Laoptiyp cnl O
HA 53 5T Ly & 0 s dhonw gy 45 das o L ol
sldsu) J 8 glad s s (HA JK5) conl sad osls 0L
odss JUEew on (015 Goy 3 lacenll b g st Sl 5
S Gl polis 4 23 B i (g5 5b Oly gl o0 0 e
Lol s cude b 3yl oeisp o WA 5,0 iy p
ol gy () oyled JK5) 25 £ Ol diges 50 HA A
Gl iptig m polaisl jba HA (3L &1 48 sls ol (IP)
(HA- asloas jlscsde HA o2 5 b &S 1 5 Wiae g~
o513 05 558 b 4a 0 o g 1, HSPOO, HA-HSP90w)
Coall b 5 Jgh 555 iy b ods Oly slapgn b oS
Joe R Ol dlboan o5 L AS s g ) Sals p b
IS 05,5 o Lacall 1o Wity cnl Sk S35 35 5
N3 sz 2050 FC) (55l S5d 51 5 ON'C)
shms gy g RS 530S Ol SNy ekes .2 S
Y led JK2) Al odys laned fiSu 55 55 (oS e 5 A2
SIS 098 53 0ad Ol SLotsn opl @IS 53 e D5
S p Ol 53 (oS 2alS K ax Bl s Ll Sl
Oy gl e o> ST I s 5o Wiae g, >
23 e el ) el 0l Ol (slagyds oS ols OLS O

Walg S bl s WIAr 5l > lagessp S5
oSsn s WA 5ol iy 15 o ol s
(R0 S 51 S A L ad s 5o 0dd Oy A gLl >
KBP51 [FkBP52 P60 .CyP40 HSP40 P23 HSP70
B e = EL N - TR Rt SIS P PP P
SLauS g a9 esls peal g, plgSa | Oy S
Bt 0313 2 gy Lp03 55 ol o oS 1y 5 WT AL 5l
23 e At W 0wy b HA 05 654 J“.:T Ly el
ks page DB n 5 sl OLE gl (F oyled S8
2dd e3ls Sy by ol oo n 5 WIS Sl s p
00z S 1 S 2 pd ol 0 ds B0y S 51 S 2 ol ey
s s WA e glaenSsp 3l salee polis Ly i s
B 53 AW e S thisls g 355 ol pen
A4 NIH3T3 sladgbu )5 (F o led JK3) 43 oy olse
ol S an Pams 4 A hleS O S &S A
g 53 b ey bl yls (Sl ol l 2 s 1y 4

s WA ol ofsn 95 2 L s SSS15 Loy, sS

I

O, 5 0L al

s 8 (&S 38 Bl a3 Ve 5 5 5 edd bl
Casein 3l Ao b Guios ol 53 ok e3liiul gl gl T

kinase IIB (sc-12739), c-Src (sc-5266), IkB-a (sc-
Santa <5 % 31 847), PCNA (sc-56) and Erk (sc-94)

Mek (9122), phospho Mek (9121) and . Cruz
Cyp- (Cell Signalling =5 - 3/ phospho Erk (9101)

40 (PA3-023), FKBP51 (PA-020), HSF1 (PA3-
017); hsp70 (MA3-006), P23 (MA3-414) and
s Affinity BioReagents s & 31 Cdc37 (MA3-029)

Hip (SPA-766), p60 (SRA-1500, losssle s
;) FKBP52 (SRA-1400) and HSF1 (SPA-901)

Stressgen . ,%

HepHhx HFep20p Comtiol
N PO | — —— = |
Dd' — — — — — - —
Hi - -
HS |PCNA | " ——— — _—
D — P— ——

Sl s WA ol Glaotis g ke @55 - okt JS5
ooy 51 S b bl el ;s HA G ons lsolss
S Sdess g Ol ol YES! s 5 ks B GauF B4
o=l 53 5 OAPC) (N) JmiS ol pm am s 55 sl
3 Lacamall By g L (51165 (17°C) (HS) 5,1~
Dimes F3% G5 A S 5Fs 5 ohs £ il o aa
3 (oM s S,L) PCNA (HA ws gbasab 5T b o

a5 815 bl 3, 9e (las S L) KB

S 8 s
SDS- uS_oSu (f\—d)éswﬁjﬁt 3 €J§‘,JS.3:\~
sl 69y = Jhasl 5l s 5 0d—d (5 5—wlu= PAGE

[8] 45 8 ssbne b0 slagal ST L g gy 25

W
5> (FISP90B, HS900) Ly 5 WH A+ il slacpis g Ol
b S5 55 T 0L Jowe gy 5 ol

STy it Sl s adlllae cpl ool Sa
L, (HSPOOB,HSPI0G) &+ 5, cntis my slap ol
Job 3 plgsam Lap donl 51 S o 1l s g b0z oS
S okt K2 s 0Ly Xenopus el L NIH3T3

Y oojlad [V oy [V¥AN [cigua,l 5 3,08 | b asbiols g3



. 5&)‘;"- Q':.:"}j,‘, 6\.&({&}}3} < glae J‘..:SU

\_ACJJ‘,}:‘ )'| ‘S'.’. A J" 6_3\...& J.pb'u aS Mbw ol ¢ JS.&
Rafl Cdc37 MEK1 6'}....&.}.«- 6“&:}3’})—; eb—oﬁ‘\—g
ol S SO a STy 5 o5 503 g, HSFI
Sl el L G (Sl e s Ssn b s WT A
SlaoSsm Lk WIAy Gyl 8 93 2 3,8 ol
JAJ‘} .JJ}‘A bl.‘..? uﬁ.;Sb A—Rafl K) gC—SrC sCKIIB gErk
U Bayls )3 G g8 gl s SairSon b Solm s
S A sdalis ML&»,: éJJb;u' ‘;3)5 d?)‘f Jljo‘i‘}
SlaoSs Ll s Sty WA 5ol s p
byl s ;5 A-Rafl 4 «c-Src (CKIIB Erk g s s
s Lacaall 55 s ol (8 o )led JK5) 3,05 0 ol
s A-Raf-1 sty as ouus NIH3T3 slad g ) sbpen
53 bl o3l il 3l Gyl el 3 e NTH3T3 lad sher
3 Shas odas Olic S opl 3 alS Xenopus ol
K) l_iﬂ‘\' ‘;_SJ‘), st‘gﬁ: dJL" b‘gﬁ wﬁ:«f};’.& CJ}U?J&
s PSS 0 & Gl S sl Ds s S heS

S oo (ol s g sl

H¥a _HA c

P:Ah; N HS N HS N HS
PIS
S — s "h1
CIC[[ S —
ARaf | — w= Hug B _C
- e N HS NHS N HS
LI T T
HSF1 | — — — —
NIH3T3
CDCIT| - ——
Rafl | s e
Mek | e )l
CDC37
-
Sl | o= ——
7 Hoa _HOB C
CKO |~ mie - S5 —=
N Hi NHS N HS
ARaf | = —
HSF] | - - o e oveyle
CDC3T | e )

Lol LT A )l slacniy gy 55815 —8 osledd IS
NIH3T3 sladsbe b 5 ool IS slacnss s Aol i s
Sy bl S (XS s edd 53 bl AT 5 S L
"0 R bl Gl el Qg e S 15
AP sl 2550 S 0 fus Basa HA b aad a0l gl
S Oy % (9 303 5l (sl ol .0 5
b Ol 516 i 8515 Salesl 5,50 HA w (03b 5T b

238 Juol Oluadsl a0l Glaceii s 5 (g buns

\ le\'\ ‘)J’l“ﬂﬂl%%‘ﬁdﬁ-‘x’)&lg@:& 4aliols g3

2 er Sgl e WA 5yl s sl sls DL
s llyd 53 el oogm) Slisbo)l 55 0 oS ol en
o 53 Glalin mll e dlea A ok Syl il by

A oyled JSK5) dof Camss Xemopus slacomll s NIH3T3

4 Hox _ HYWB C
N HS N HSs N Hs
IP: Ab
PIS
P3| o s w— —
FEBPS? | e e e s
FEBFf] | o= o = ==
Cop A | e s s e

HED | M e s

Hop | i e e

Hsp T | ™ S —

Wh:anti-HA Ab
B HNe HWE _ C

PIS

P —— |

FEBPE?| = === == ==

FEBPS]| ™= e e Ho%x _HOB C

NHS N HS N HS

Cyp 40 ?ﬁlt-q-—
o1 [ S —
Hop| =— == — —

HepTo| ~— — — —

WE:anti-HA Ab

Ll s LATar ol slaipiy n STy Y o)lad K3
NIH3T3 ladgho b 5 boanll S slaosg s ol g 55
Sy bl o (KE Haeld S5 glaesl T 51 S L

“Sep 2leld Gl el Sy Jpaze A S 15 sl

NIH3T3 cell extract

N3 b5l 3,0 SN 0wy gsa HA L sad Il sl
M Oy B934 eS8 (S04 503 I Galume polie .23
B Ol 51 6 i 8515 Salesl 5550 HA us b 5T b

235 Jeol Ol 0L Glagt s 5 goles

2 HA L oas jlacade slapysy s 45 sls LS e
G S oSS 3 g el Oy gt 0nl 5SS
PSS 9 ) IS i L g S e S A S~
Wi A ol slapmtisp STy amslie (gl p . auS o 23STy
8 ol SR SIS g e Sl A sl b
Sl DS ry Olen 51 5l il 5 J g il jd o
Slr oSy o Lapls m ol 5 S 2 ST (gl e
c- (CKIIB «Cdc37 Mekl1 Erk1/2 HSP70 o s s

23 0l 0203 Bl gl S sl A-Ral 4 Raf-1 Src

1A%



S\ap ol 51 S w55 Sy S e ol Laasly ol
maze s 303 34 g HSPOO LSSy 22,5 HSPOO
SWIAy Syl g n 93 2 ax 5145 sl ol sdes (5,8
Sl gole Ll pd s gl e S5 5 solM b
Ll ges Sl S WA gyl oy p bl s
o=l s 0 QLS Sl e el oyl 3 55 Wl s g 31 el
B9 hd ey c-Sre g ARaf Erk (CKIIB 5,40 55 sy
S| LS ol Jals C»;—a'ﬁ 2o A-Raf 5,40 s Glizal
3 o gain sl Ly Wl (Sl s S 51
NS 2 o 1558 G g S el pl ol i g
MEKT (ming | o s s 1 51 (925 21 b Lap g
(& oyl JS2) 42 0amys Rafl Ly 4 HSP70 (Cdc37
3338 1S Lacaall 2 s el gy SLALST
Gl 5 ol S35 4l (e 53 5 Bas Sltalie
LT 8 Gl oeSgn i Oy 5l (56 Jol> s 45 5l
HA Jlscade iy 0l Oz 28 (ol o el Jasl 2 50
@B Il 58 ol b S0 BB 5905 IS o
Sl o) S BB e Aonl onl 3 Shes sl
o) A8 A8 e slgiiy OB cpl das e 0L 1, (W
By 5 et g Dlallas 3 Sy ki 45wl gl i
wdls dgho 53 1) Folin Sl il ol Sas is £ o S8
o5l 0T 5 Shes s Sl LaBl pl GoB5 Comnl L
Sy 0 dS S g RSy el 3515 5 GS Sl
59=a C-Src 5 A-Rafl Erk CKIIB U L4 g, ~
o Shes 5o 1) lo sl Gl Slaalics (Gl s b w5l
ol Ob3 53 LSyl Gl Soar S L Ly el
ToRan s A Gl Ufan on oSl s O Gl
Sl g oyl [YY] Camsl 0 5,158 S Raf-1 B-Raf sl
J¥] 33,8 = e bblal> 4 Raf 5 Shes conlo sl
G gy Sl 53 W Erk 5 80 5ol oy n o STy
V-SIC 5 C-SIC 35 p STy 5 [YE] Sl 0k 02l L oo
5 oS 35 ol Sl 55 O Ceal 58 Gl s b
et 15 3 5mr go LMl L gl [Y0] ol 0k o0l 0L
L C-STC 5l e oy 55 SNy S5 45 das 0 S fmd i S
JSE) dil e 294 ol ol 51 dm 80 ) e
WA 5ol e JUal] &S s il 550 (6 o )led
I 5l o 1 5l Sl 51 e el 51y ©-STC &
Esl o Ssd 3l e C-SIC 0d Jled 4yl b 5 S o0

slas!l 5l S 53,8 o WA Gl g p 4 OF !

A

O, 5 0L al

WS}
S n e Aol SGletmn aulin gl addllae ol
Al e O S b ST b alaly e b WTAY 550>
OS9n S lagSy oS 3l Ol Jld L LS Sy,
S dids 93 53 Ly (Sl s b s WIS 5l
5L Bl s 5o g oS L gl (2STy aglie 5 o pline
@3l BT SaS DS Setsn 2n Sl
SWIAY 5ol S Slap fainl o odd 03ls gy by o
SoSamy s gy ol 0313 O gy WOy oS ol ern S 0 L
Gl La S g 855 Jlacwde . Litys B amslin SN O f s
A Sl s g eebaitl sl ST 5 esliul 3 Gl
Cross ) o lime j2aSly 35 Jlaim! cdeas Lo 5 WI
Lyl s oS Oy S Ks p bl ol el (reactivity
23 Lol 51 slams polio 45 A3 J 28 555k bl
$lappsil 35 8 33,5 Oy Lol b 5 NIH3T3 lad
SpS p3lie 5 K S S e eudly s )3 Bides 0d Ol
53 Do s 58 a5 s ege SogliS LS el 4T o
SLairSs m opl e A5 es SOl el 5 b Ll 2
205 slapts g b alie Joho 5l (SuS1, ks Ol
PSS U e | S S S sl 0L J ke
315 Sl Gl ol Bl s ekl Jlazade oS
ﬁmw‘g:)bou&ihﬂowdw|w|r@uﬁﬁi
Xenopus sacwull 5 NTH3T3) Okl J s i
o gl el ol sy ol gl 5 ol 48 5 ool
053 3 LT ()l 55 m 45 ol ol skas (5 45
I oSS s 2 sl L alie jba b A S0~
(P) (sl s s S (0 S5 80 (G, 0850
HSP40 P23 HSP70 sl ss s 3 Ky 5 45 sl 0LE
L /& 545 ol asss FKBP51 | 5 FKBP52, P60 CyP40
Syl L g LATAY (S5l saitisp 5l sl 3o
o) e Dlaaline 5l 5o (S (05 AN ojled JK8) Wl
Sl S1s 53 (e DS (Gl p el S 2
Lyl s opl gl 0,5 sloml bOs S b 5 WI A 5l >
59 O3y NS S L35 5 55T 1 e el
Sl aen 5l e N p Sl g b Al 53 A (S5l
o S Ol 53 a5 WS oler S 5l ol s
U g mn Jpmens Sl 3 Ly 5 LATA 5l sl
b STy Sl e 5 S o 05 3 80 SOl ol
A ek i el 5l S b s HOP (HSP70 (HSP40

Y oojlad [V oy [V¥AN [cigua,l 5 3,08 | b asbiols g3



AU;JU."- &:73},3: 6\.&({&}}3} < glae j&sb

(G el Bl s WA Gl s bl g
L}q' é)‘fwﬂjﬁ&sbggbhréﬁiyubjﬁf“b

.\a_b; Jgié ‘_;LAO,;:,J:

S8 9 KU
Sl 5 pde JouS Jo cmpler L LS
(Natural Sciences and Engineering Research 1sUls
Patrick z8s 4 ous 1aal Council of Canada Discovery)
b f el DL (SS psle oK1 Jle syl 5 Krone
st 95 2 51 S g p i Sl g g ol

References:

[1] Hahn JS. The Hsp90 chaperone machinery:
from structure to drug development. BMB Rep
2009; 42(10): 623-30.

[2] Lai BT, Chin NW, Stanek AE, Keh W, Lanks
KW. Quantitation and intracellular localization of
the 85K heat shock protein by using monoclonal
and polyclonal antibodies. Mol Cell Biol 1984;
4(12): 2802-10.

[3] Langer T, Rosmus S, Fasold H. Intracellular
localization of the 90 kDA heat shock protein
(HSP90alpha) determined by expression of a
EGFP-HSP90alpha-fusion protein in unstressed and
heat stressed 3T3 cells. Cell Biol Int 2003; 27(1):
47-52.

[4] Pearl LH, Prodromou C, Workman P. The
Hsp90 molecular chaperone: an open and shut case
for treatment. Biochem J 2008; 410(3): 439-53.

[5] Lindquist S, Kim G. Heat-shock protein 104
expression is sufficient for thermotolerance in yeast.
Proc Natl Acad Sci U S A 1996; 93(11): 5301-6."

[6] Craig EA, Gambill BD, Nelson RJ. Heat shock
proteins: molecular chaperones of protein
biogenesis. Microbiol Rev 1993; 57(2): 402-14.

[7] Mahalingam D, Swords R, Carew JS, Nawrocki
ST, Bhalla K, Giles FJ. Targeting HSP90 for cancer
therapy. Br J Cancer 2009; 100(10): 1523-9.

[8] Pratt WB, Morishima Y, Osawa Y. The Hsp90
chaperone machinery regulates signaling by
modulating ligand binding clefts. J Biol Chem
2008; 283(34): 22885-9.

[9] Bharadwaj S, Ali A, Ovsenek N. Multiple
components of the HSP90 chaperone complex
function in regulation of heat shock factor 1 In vivo.
Mol Cell Biol 1999; 19(12): 8033-41.

[10] Hagemann C, Gloger J, Anacker J, Said HM,
Gerngras S, Kuhnel S, et al. RAF expression in
human astrocytic tumors. Int J Mol Med 2009;
23(1): 17-31.

\ a)wl\'\ a,;;l\\"\\l%:,l‘gcﬁa)‘béluéé 4aliols g3

‘-{—1 de:HCKII ‘_;UA)'L'.‘\'S mﬁs‘,ﬁ &y‘,ﬁj—"ﬁfu a:.l‘,slé
CJ‘:SJJ_-Z- .\_&Lw (XG'Bz l-&}(lsz J" &UJLG.? u‘&lg_os
O—l‘ Ol 0 hn> "_AA.! c’h}a.\ﬁCKHAﬁ Q- d"‘J|J’>
O 3L I 3l Col a3 5 RouSy 4 baens

LT Qe ol g 45 505 529 Ol cpl [Y1] 35 8 0
S HlS ol 4Kl b g 03,5 S CKIIB & oy 5 b 4

D13 1y ol e el Tl 53 OAS O g 4 (g s LS

S 5 dom
e Ao Gales SHS15 Oals OLE L b s pseme o
o NS L Ly 5 LT A Sl 8y, sl

dt—“&.ﬁjﬁgﬂ d:'-\_d}g_l_.&'ﬁ ui;Jl‘,‘,‘h L;;J‘f st‘gﬁ:

[11] Hagemann C and Rapp UR. Isotype-specific
functions of Raf kinases. Exp Cell Res 1999;
253(1): 34-46.

[12] Yano A, Tsutsumi S, Soga S, Lee MJ, Trepel J,
Osada H, et al. Inhibition of Hsp90 activates
osteoclast c-Src signaling and promotes growth of
prostate carcinoma cells in bone. Proc Natl Acad
Sci U S A 2008; 105(40): 15541-6.

[13] Vaughan CK, Gohlke U, Sobott F, Good VM,
Ali MM, Prodromou C, et al. Structure of an
Hsp90-Cdc37-Cdk4 complex. Mol Cell 2006;
23(5): 697-707.

[14] Miyata Y, Yahara 1. The 90-kDa heat shock
protein, HSP90, binds and protects casein kinase II
from self-aggregation and enhances its kinase
activity. J Biol Chem 1992; 267(10): 7042-7.

[15] Zhang T, Li Y, Yu 'Y, Zou P, Jiang Y, Sun D.
Characterization of celastrol to inhibit hsp90 and
cdc37 interaction. J Biol Chem 2009; 284(51):
35381-9.

[16] Chen XS, Wu NH, and Shen YF. [Role of
STATI on the regulation the human hsp90 alpha
gene expression]. Zhongguo Yi Xue Ke Xue Yuan
Xue Bao 2001; 23: 356-60.

[17] Rebbe NF, Hickman WS, Ley TJ, Stafford
DW, Hickman S. Nucleotide sequence and
regulation of a human 90-kDa heat shock protein
gene. J Biol Chem 1989; 264(25): 15006-11.

[18] Gupta RS. Phylogenetic analysis of the 90 kD
heat shock family of protein sequences and an
examination of the relationship among animals,
plants, and fungi species. Mol Biol Evol 1995;
12(6): 1063-73.

[19] Krone PH, Sass JB. HSP 90 alpha and HSP 90
beta genes are present in the zebrafish and are
differentially regulated in developing embryos.
Biochem Biophys Res Commun 1994; 204(2): 746-
52.

¢4



[20] Jing J, Chikvashvili D, Singer-Lahat D,
Thornhill WB, Reuveny E, Lotan I. Fast
inactivation of a brain K+ channel composed of
Kvl.1 and Kvbetal.l subunits modulated by G
protein beta gamma subunits. EMBO J 1999; 18(5):
1245-56.

[21] Anderson DH, Ismail PM. v-fps causes
transformation by inducing tyrosine phosphoryl-
ation and activation of the PDGFbeta receptor.
Oncogene 1998; 16(18): 2321-31.

[22] Grbovic OM, Basso AD, Sawai A, Ye Q,
Friedlander P, Solit D, et al. V600E B-Raf requires
the Hsp90 chaperone for stability and is degraded in
response to Hsp90 inhibitors. Proc Natl Acad Sci U
S A2006; 103(1): 57-62.

[23] da Rocha Dias S, Friedlos F, Light Y, Springer
C, Workman P, Marais R. Activated B-RAF is an

0

O, 5 0L al

Hsp90 client protein that is targeted by the
anticancer drug  17-allylamino-17-demethoxy-
geldanamycin. Cancer Res 2005; 65(23): 10686-91.
[24] Piatelli MJ, Doughty C, Chiles TC.
Requirement for a hsp90 chaperone-dependent
MEK1/2-ERK pathway for B cell antigen receptor-
induced cyclin D2 expression in mature B
lymphocytes. J Biol Chem 2002; 277(14): 12144-
50.

[25] Park S, Dong B, Matsumura F. Rapid
activation of c-Src kinase by dioxin is mediated by
the Cdc37-HSP90 complex as part of Ah receptor
signaling in MCF10A cells. Biochemistry 2007,
46(3): 899-908.

[26] Miyata Y, Yahara I. Interaction between casein
kinase II and the 90-kDa stress protein, HSP90.
Biochemistry 1995; 34(25): 8123-9.

Y oojlad [V oy [V¥AN [cigua,l 5 3,08 | b asbiols g3



	42
	43-50

