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HTRF-based method for determination of HSP90-HOP
inhibition activity and its application
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Abstract: HSP90 is widely expressed in cells with the main function in assisting the maturation of other
proteins that are called clients. Many clients play critical roles in the occurrence and development of cancer.
Inhibition of HSP90 can lead to degradation of the oncogenic proteins, and result in potent anti-cancer effects.
HSP90-HOP interaction is critical for the chaperone function of HSP90, thereby disruption of the HSP90-HOP
interaction is a novel strategy in the inhibition of HSP90. Based on the technology of homogeneous
time-resolved fluorescence (HTRF), we developed a new assay for the identification of new inhibitors of
HSP90-HOP interaction. This method was evaluated in the study of the HSP90-HOP inhibition activity of the
pentapeptide MEEVD from HSP90 C-terminal and its derivatives. This study can provide a basis for the
screening and discovery of novel HSP90-HOP disruptors.
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HSP90 (heat shock protein 90) s& il KEFR
LR FAHBE D, FLETETRE 0T 40 i 3
R E R BT EN T, %P E AR
Pt AR H EE R A 1 HSP9O % 1 & 1
SR 0 kAR R R DI DR &, $0] HSPOO fIThRE
A DU 5 98 0 A5G IR % P R ISV A IR AR AR
7SR AN R AR T, AT Ik B R R R,

HSP90 1EKIEAED ¥ Ihaeht, & EmEinn 1
(co-chaperones) W25, “HMEAEH G, A REXNE
J R AT 0 1. HOP (HSP-organizing protein) F 4
HELY) HSP9O AifEAR > 7, N & & Al HSP70
] HSP9O M4 . H EZdid TPR2A 45k
HSP90 (1) C-ui4hi&, il HSP90-HOP (TPR2A) (1)
A AR kAT CARELIET HSPOO %5 7 & (1 fin L., f#f
HaldZ ZAR A MmN, | AT CAg M HSP9O-
HOP (TPR2A) AHEAEH /N 737 e 4 i, JF
Xt Her2 oy 22 (1 FL R 96 240 M Ak A R 47 1 40 348 e v
P S WA 404] HSP9O-HOP (TPR2A) AH H.AE FH &
— A K B e R SR

HSP90 ¥ E i C-4% ) MEEVD TifikJ¥ 41| 5 HOP
FH LR TPR2A S5MIBEE &, MEFE (K N 11
umol-L™' 1, MEEVD Hjik 5 HOP (TPR2A) (1A
SEWER, TR — MR R 5HE TPR2A 25
P AT BT, R, W] LAY MEEVD Tk A%
BR 53 F K FF JE HSP9O-HOP AH B4 FH $1il 551 7¢ o

TEZIRE R, A B g ey ke & R
HEMER, BRI g A2 e i 1 Ky v A T X
HSP90-HOP AH HAF FH #A X TR 2 A A il 771 K o e
AT, Cortajarena 25/ MR 3% T FIH] Alphascreen J5 1%
AT A5 1 W e I = R S A R R R AT, X2 H TR
——Fl HSP9O-HOP #H F A FH #7733 140 2 7925 o
Alphascreen J7iEAFAE — AR, 1% 77720 A
FEORE . BEZBL AR S5, BRMNARR
XF TR BRI (8] % O PR URR . DR, ST
VEfRT B, RAEATSE 1) HSP9O-HOP AH .4 F #7510 3%
PEMAR 7 v5, SCBLZ 7R 2 )2 A8 XBRAIE 1P
HrfA 206 T-HE[1) HSPOO R G K 25t 7t B R E T,

T UL BB IR &R, AWt r 7T
YIRS (] 43 98 e B8R (HTRF) ) HSP90-HOP #H
HARE A FE R v, SOk R A RE. &
Gr BRI A4F s, T LA T HSP90-HOP #H H.AF
FAASIFR0 S YEVEAY . B iZ 5 755 HSP90-HOP #H H.
TEF IR X AT TR R, 45 R A BAR
MEBANEAZEMEEEH T, HiE—2 W

HSP90-HOP #H H.AF F #ill 771 A B H 4t 1 A 57 B Al
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HREKF|  Escherichia coli BL21 (CD601-03,
7N YR R A F]). TPR2A & H R &R IL
kL (P 5 A iEG A W R ) HSPOO C-ufi i A% R 1A
Jiifi (addgene, plasmid: 22483). Anti-GST-Cryptate
(61GSTKLA, CISBIO). Anti-6His-XL665 (61HISXLA,
CISBIO). MEEVD JHRAZIKE: (FF g BRI A
AR A).

X8 BEFRIX (Molecular Device). 384 FLik
(Greiner#784076) -

FIF HTRF $ARM HSP90 5 TPR2A FIHEE
ER 4717 His b2 1) HSPOO C-3ify B [ M4 GST
FRZEM HOP (TPR2A) &5 AR EAE FIB (25 18] BE 2/
T 10 nm), Anti-6His-XL665 ZAKREELA Anti-GST-
Cryptate BLARRAER AL 2 A L EEIT, AT R AE JL 4R AE &
¥:# (FRET) BL%. HEARBERR S0 T BOR ¥ 15
REBARGY TR R, [FI AR 61 H & R
R B TE . 44 71 43 -7 BH T HSP9O A1 HOP ¥ AH
HAEHE, FRET S48 55. Kk, FRET I % 155 55
A A B A ) 7 43 o A £ AR LA R AR
[R5 55 -

HSP90 C-i%ZEHS5S HOP (TPR2A) EHMEEE
AmiEKREERERE KA X E LR RHANED
TE 384 FLAR A 1 BOE RBIRFE . SEIRIR RN 20 pL,
H A% 4 L GST-tagged HSP90. 4 uL His-tagged
TPR2A.4 puL Anti-6His-XL665 .4 pL Anti-GST-Cryptate
4 pL ZZr (100 mmol-L™" KF). HOP (TPR2A)
M 20 pmol- L EEAS BE AR 9 AN, HSP9O 2 [
M 1S pmol L HEHE FEFFE 5 ANIKEE, 37 C FIRFE
B 1 h, ARG = RE LA 0.5 h, HRIF
RO HUA -

ZMEPELE (KF) KEXT HTRF XX ERE
Ml KF /& HTRF 52560 5 % 6 2 [F 4R 7CIRIG & P I £
P, FIREN VAR B E W EAT I SN
SOPERIRTHE S, /N KF WA Bh T4 5 i 2 R Mk
¥ KF #JE M 400 mol- L' AR B FE AR 10 NKEE, 37 C
THRFERE 1 h, AR S = R E 0.5 h,
AR TR CEUE, R KF 95X s B 7 (152

DMSO iR E Xt HTRF KA ERF M DMSO £
A E R, IR BE Xk ST 56 45 A AN TT A )
S oy 1 HEBR DMSO WA S 5 1520, K DMSO
R EREN 10%. 5% 2.5%. 1.25%-. 0, &l
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T J5 8L B 1R 5 o

Z AFHMNE Z-IH¥ (Z-factor) F&PFfli ik
INERE N FEESH, N7 @ HTRF J5ik
Wi HSP9O-HOP £ 1A~ 1 AH HLA FH 40 1) 7037 12 1
FasEME, AT T EN Z . SRR
T, AN (12 pL 100 mmol-L™" KF. 4 pL Anti-
6His-XL665. 4 pL Anti-GST-Cryptate), FHPEXTHE (4
uL GST-tagged HSP90. 4 pL His-tagged TPR2A. 4 pL
Anti-6His-XL665. 4 pL Anti-GST-Cryptate. 4 puL 100
mmol-L™" KF), FH¥EXIE (4 uL MEEVD Ffik. 4 uL
GST-tagged HSP90. 4 pL His-tagged TPR2A. 4 pL
Anti-6His-XL665. 4 uL Anti-GST-Cryptate) . REHkt 384
FLBR E#EA 100 ANBHEXTREAT 100 /S B PR BEAL,
AR FME . SD Al CV #RZ1E NIEAEE —
MM EE S,

XAZEIH HTRF MK 75 A% HSP90-HOP
(TPR2A) WIZEEHRIX T LR HTRF K
J7ik, X%t HSP90-HOP (TPR2A) )45 & #4 X 17 1
7. LL HSP9O C-¥iff] MEEVD F ik AMAsdr, xfJLik
ITRIERRA, PRI KN 384 FLIR,
ANEE 5 ANEAL, I HSPOO 1 (&RIKFEN 375
nmol-L™") F1 TPR2A H [ (&IKIEHN 625 nmol-L ™),
DMSO KN 0.2%, BESLAFRSE 20 pL. AP E
PLR JURh IR 25 (IR (12 pL 100 mmol-L ™" KF.
4 pL Anti-6His-XL665+ 4 pL Anti-GST-Cryptate), [H
PEXTH® (4 pL GST-tagged HSP90. 4 pL His-tagged
TPR2A .4 pL Anti-6His-XL665 .4 pL Anti-GST-Cryptate «
4 pL 100 mmol-L™" KF), PHIEXIIE (4 uL MEEVD, 4
puL GST-tagged HSP90. 4 pL His-tagged TPR2A. 4 pL
Anti-6His-XL665. 4 pL Anti-GST-Cryptate) .
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1 HOP 25 K B A Bl e i), A5 58 L F Ik 21
7t HSP9O C-3iiE (A TPR2A &K N 375
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(B D)o TERFRAE TR, SEI0 I RBUS e, T £t
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2 S KFIKRESESENZ

B A 22 i b KF IR FE K, RIS S (T =,
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Figure 1 Effect of different concentrations of HSP90/TPR2A

proteins on the homogeneous time-resolved fluorescence (HTRF)
assay window
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Figure 2  Effect of different concentrations of KF (A) and DMSO (B) on the assay window
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Figure 3 Intra-variance of 100 negative controls (upper layer)
and positive controls (down layer) were determined. The solid
line represents the mean value of the positive and negative
controls and the dashed line represents 3 standard deviations.
According to these data, the Z factor values were calculated

5 HSP90 C-ifi /& MEEVD T BA5E M40
MEEVD Tifik 412 HSPOO C-3ifi i) P4 5 P ik X,

Al LU HOP 2 A 1) TPR2A JE 745 4, IR A% ik BEAT

LA 5 HSP9O C-¥ii i 56 4+ L 5 HOP SR 45 & -

W FE N 3 586 75 0 AR 2 ik B HSPOO C-difi 5
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Inhibition rate |
P
[=]

Log(’ [Inhibitor] / pmol- L'

s MEEVD T1ifik%} HSP90 (CT)-HOP (TPR2A) [
I — 2 A ELAR F A A R R R AR,
ICso {59 14.28 1.2 pmol-L ", 5 kIR 135
7711 pmol-L™" &b-F A — ¥ S . BEAE % & B 1] ¥ 4E
K, {55 E i RN . S5 SRR, %525 vk AT A
YR A HSP9O (CT)-HOP (TPR2A) 51
WEPE, BT OUR TS B v PRI

6 HSP90-HOP (TPR2A) HEERAHXIRER
MEEVD HBKTHE BRI X R R

B - HT A BRI R ST T R B -
1 AH FAE 3R A 7 Al H RTRFFE N B2 © 43R
47 HSP90 C-ifif MEEVD Tifik5 HOP |- TPR2A #
S E S (K5), 5 MEEVD Tk AN & 3k
FRIR I N R O G E B MAE 2.

N T HEFL MEEVD  Tifik o 455 A 2 B R T 5 o] 1y
MNMEASGEMEZE, BRI RETSEMMAEHY
YTk, X MEEVD FK 7503 T T & B R A AU,
WIS 2] T 9 MTAERE, JER A R 75 20 ik B
ITEMEMNR, 25 RWE 1R,

i AR A YRR, MEEVD F ik PL—/Me g (14
R ¥E TPR2A S5 KB A (K 5). F R Asp

Table 1 Inhibition of HSP90(CT)-HOP(TPR2A) by MEEVD
pentapeptide mutant peptides

No. Peptide Inhibition rate (100 pmol-L™")
1 Ac-MEEVD-COOH 99%
2 Ac-MEEVD-COO-NH2 29%
3 Ac-MEEVN-COOH 49%
4 Ac-MEEVN-COO-NH2 0%
5 Ac-MEEAD-COOH 15%
6 Ac-MEEID-COOH 90%
7 Ac-MEAVD-COOH 82%
8 Ac-MAEVD-COOH 40%
9 Ac-EEVD-COOH 54%
10 Ac-LEEVD-COOH 85%
B 25
S
=)
27, 159
=
= =)

10 30 Gl 90 120
Time / min

Figure 4 Competition of MEEVD with HSP90(CT) for the binding to TPR2A. MEEVD dose-response curves generated at different

time (A). Time for the competition assay to reach equilibrium.
bar graph (B)

ICso values obtained at different time intervals were plotted using a
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Figure 5 Crystal structure and interaction analysis of HSP90
C-terminal pentapeptide MEEVD with HOP (TPR2A)

FRic A 0 fi7, Val. Glu. Glu. Met X FRIC -1 £
2Ry -3 4L, -4 fit. 047 Asp 5 HOP (TPR2A) 45#)
B Lys229. Asn264. GIn298. Lys301 5 1)
LML, ATREXT N E A SR E B N
TYGUFE 0 7 Asp FIE ZEVE, AWK Asp 1 /MR 5
3 ) 9% 7 Ay Wk ek B [ BN AR Sy I fre 56 45 2 T RIK
Br2~4. JEVEMASE RREA, 0 AL Asp A Ui [ SR
B N RAHA B (K 2 K 3) f5, KB
T T A KR I o T SRR 79 A 5 3408 2R A Oy T e ke
(B 4), BEBCHITEMEIRFE 20 . X R 0 A7 Asp I
AMNREEXT LB S HOP (TPR2A) HIAR BAEH B A AE
WEENEM, EHR N TR T AR
PEZG 3R . —1 47 Val B3 S — AN/ M ERK
PEOLE, SRALE B K A BAE, HRAEHR Ala
By Hle, 2552 57 P4 24 pt (00 58 /K P 1 FH 7 B B2 4 UK
SERR M, Kt Val AN Ala (K 5), KB B3 PE &
PR, W RA AT ReiKME R B e (K 6),
FRBLE M 2R FF . IXUEEA-1 A7 Val b5 N4
BE BB /K AE AR T B s P AR R R
Je B/ 43 A R 50N B K M BRI R X A
MK M ST RE A B TR AL & g . -2 47
Glu fRNVEFIX, SEAEAHEHEAER, HXtg
AR EZEME RN, WHRAER Ala (I 7), B
FONT 254 Tk o It 4h R R AR IR B T A A BRI,
KSR 8, ERI N TE YL IR
FEXANZRUFRE. -3 A7 Glu 5 Arg305 #1 Asn308
TV G 0 S B Y %, 6 P AN B I 5 6 1 BER
DUik. K HRE N AlaJi (1K 8), BREBL AP K b
ik, -3 A7 Glu X TIRBUS M RFFREZ. —4
P Met HHE—AN/NOHIK O, 58 A REBIK
FEAEH N T BRI AKERRN THAEALS S
HEME, Wit T 9 fk 10. Ktk Met LG (K
9), JKB 1 E P MR B AR, K FETRAR Sy it /K 1 5K
Leu Jaif MER A FRAK (BK 10), F W4 £7 Met $24L1
B KA FOGE /S 8 IR 45 6 R B IR AR R B

TR R R R AT LA 4 J5 JF J& HSP90-HOP (TPR2A)
NG B B R R

NG

AR LEENL T HET HTRF AR ) HSP90-HOP A .
VB TS R ik, ok B R
JE T I R AR T 25 RE A, BT DUR T-HE ) HSP90-HOP
(TPR2A) A FL AT FH 1] 750 FrD o 368 58 7 30 0 7% 2
T8 o Z AR T7 725 0K 9 P8 1% MEEVD R A 8
4 AE LA 1Cs 9 14.28+1.2 pmol-L ™o AW 55 %
FKF F0 AT S TR R AR, I F I D7 A T )
HSP90-HOP (TPR2A) #HHAEHBIHIHIIEA . 4iRE
B, 0 SLH Asp =3 A7 Glu K i P 0 5 15 48 0% B 8
—1 £ Val f1—4 {7 Met /K EHBREE, -2 11
Glu X T Jb B G 1 5 BV RLAIC . IX 2845 B T LU TT
G BETE, IR S5 M1 HSP90-HOP (TPR2A)
AHEAE 0 R 4R
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