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Abstract: Heat shock protein 90 (HSP90) is a crucial molecular chaperone responsible for the activation and
maturation of client proteins. Targeting HSP90 can effectively inhibit cancer cell proliferation by either
competitively occupying the ATP-binding site or disrupting the protein-protein interaction sites between HSP90
and its co-chaperones. Therefore, studying the recognition and function of HSP90 binding sites is essential for
molecular discovery. This study focuses on peptide P1, revealing its dual binding mechanism with HSP90. P1 is
capable of simultaneously interacting with both the ATP-binding site of HSP90 and the binding interface with the
co-chaperone CDC37 (cell division cycle 37). Through ATPase and Co-IP assays, we found that P1 effectively
inhibits both ATP activity and the protein interaction between HSP90 and CDC37, providing a novel approach for
developing new inhibitors targeting the HSP90 chaperone system.
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Figure 1 Structure of the HSP90 NTD in complex compared with the potential binding modes of different molecules. A: Overview of the
GA, P1 and compound 11 bound to HSP90 NTD colored grey; B: Chemical structure of GA, P1 and compound 11; C: The red line defines
ATP binding pocket; D: P1 binds to two binding pockets; E: The blue line defines potential CDC37 binding interface. NTD: N terminal
domain; GA: Geldanamycin; P1: Gly14-Arg13-Asp12-Leull-Tyr10-Asp9-Asp8
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Figure 2 Analysis of MD simulations and binding energy calculation. A: A schematic of detailed P1 atom interactions with the protein
HSP90 NTD residues; B: Per-residue of P1 energy decomposition; C: Backbone RMSD values of GA, P1 and compound 11 (Compl1) are

shown separately for the compare. MD: Molecular dynamics; RMSD: Root mean square deviation



- 2978 - 22224 Acta Pharmaceutica Sinica 2024, 59(11): 2975-2980

NSRG4 A TR, U B TE R A A R R
THEEEH. ERKEEHEF, PLERRHLGA. 1k
AP ERE AR (E20), U H PR L 145
A RaE vEAEC AR R
3 P1ZAEHSPIO RETHEE LS

T 3k — R B P1 AT LA B[R ] HSP9O A
5] D B AL S RIE PE, XF 2 K PLEAT T S5 MBI, Wit
THERT 3 IKE (P2~P4), Ho P2 F A B & 1
Argl3, P3 ] H 4 25 12 1ffi Try10, P4 A HF 40 56 15 1
Asp9. K JH ATPase.BLI assay (biolayer interferometry)
F1HSQC (heteronuclear single quantum coherence spec-
troscopy) SLE8 HEAT 45 A & MM, 45 R R 1 R .

1 %, 18 H ATPase 52 56 I 1X 24 22 Ik i) ATP 75
PE (B 3A), o P1 R It X ATP 1 40 1) 3% P
1.35 umol L™, P2 A1 P4 {35 1 AL IE 14, 7373 8 3.62
F16.31 pmol-L™, {HJE P3 1) ATP i £ 58 A2 2% B )5,
HEAT Co-IP SE 55 PAIE B 2 JIK 7] DL $ HSP90-CDC37
PPI, ¥4 AN 111 HSPOO At CDC37 Jii L 45 33k A\ 41 i,
TEA AW B /I P1 AL 3R, B H Flag $T 48 %% Flag-
CDC37 & A & Myc-HSP90 I i& F 3K, Western blot £
W HSP9O 1 CDC37 #H H.AF FH (Kl 3B). 45K, b
% P11 7, HSP9O-CDC37 AH HAF FH i 59, B
P1 7] DAFEARSME 2503 HSP90-CDC37 PPI.
4 ZERAITEYIRENAREE & IE MM

BLI 515615 £ 5 ATPase S50 AHAL 1 45 5, #LL T
P145 & iE MR UL, P2 R P4 #I R B T LK 45 455
77, Ky AH 50 5 6.58 A1 5.79 pumol-L™" (B 4A). [FHf,
HSQC 56 45 AL RILH T AH R 4518 (Kl 4B), it
5 HSP9O N*™° %t Lt, I\ P1, P2 Al P4 J5, K B T184 Al
E47 1 A S B R 1 4k 24 0 B A B L B 3, H 2
TN P3 JG 08 A R A B A s . R Ut

F W R B Try 10 J5, S EP3 AT A G TRk 2k, R
Tryl0XHREEZ K45 G iE e R HE = .

BRI o3 BT B 84 S e, Asp9 TTHR T K T
-5 kcal-moL™" 45 & fig, (H/E M4 DL b SEER 45 2R, P47 fr
HSLE R TS PRSI 45 A TE M, R Asp9
AR G A R A R -
5 g

I FAEAR R G K A DUk # 2 il B A R 51 T e
b, H HAE VA RIETT 2 P m i B AR B bR . BEAE XS
HSP90 7 T 18 R G AE FHMLHIF TR, K130 4%
Tl HSPOO 1 1l 7711 33E N I PRAF 5 B BB, A 2 3 S 400 o 71)
AEAE AN AT 3k S P B PR B B ) RO, KK R 1) 11 IR 2
F . I EesE, £ AN E0 1A HSPOO 36 #4458 2 (A 1Y PPI 11
FHEHE, EATE TR A8 4 A AL, A S
HSP90 ] ATPase i 14 M1 A Rk G 8K 50 R S8
T, 326 o0 o) 751) 3 3k i I8 9 P R B AR A S L A
BT Pk . E AT, R R LR IR ) ATP &5 & A7 s A
JLPEAB B (10 PPLAE AL A 1Ak 24 0 7, X — R PR
FHAS 1 % HSPOO & 1 A [A A FH A7 i A AR ) 27 T R 2
[ IE R IR NERZ (R, T % #EE ) HSPOO XA FH A7
R, B BORE R IT 1 X — Q8 SR

% T 7£ Kaza Suguna ] B4 T8 1 55 ik P1, A< 2R
A TS P1ATHSPOO NTD (1) 45 A B 20k AT 1 T,
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Tablel P1-derived peptides binding capacity and inhibition rate of HSP90 ATPase

Peptide No. Sequence KD/umolL'1 ICSO/umol'L'l
P1 Ac-Gly-Arg-Asp-Leu-Tyr-Asp-Asp-NH, 2.63 1.35
P2 Ac-Gly-Arg(Me),-Asp-Leu-Tyr-Asp-Asp-NH, 6.58 3.62
P3 Ac-Gly-Arg-Asp-Leu-Tyr(OMe)-Asp-Asp-NH, NA NA
P4 Ac-Gly-Arg-Asp-Leu-Tyr-Asp(OMe)-Asp-NH, 5.79 6.31
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Input

Figure 3 P1 binding to the HSP90 NTD double binding site. A: Dose dependence of peptides inhibition of HSP90 ATPase activity; B:
Flag-CDC37 and Myc-HSP90 were transferred to 293T after treatment with dose-dependent P1 (0, 1, 5 and 10 umol-L™") for Co-IP. Western

blots were performed with anti-Flag and anti-Myc. Co-IP: Co-immunoprecipitation
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Figure 4 Binding affinities of HSP90 NTD proteins for P1, P2, P3 and P4. A: BLI assay results of target compound P1, P2, P3 and P4; B:
HSQC spectra of 50 umol-L" "N-labeled HSP90 NTD in the absence and presence of 250 pumol-L" P1, P2, P3 and P4. BLI: Biolayer

interferometry; HSQC: Heteronuclear single quantum coherence spectroscopy
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