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Abstract

Identification of novel Hsp90 inhibitors to disrupisp90-Cdc37 protein-protein
interaction (PPI) could be an alternative strateggchieve Hsp90 inhibition. In this paper, a
series of small molecules targeting Hsp90-Cdc37ptexnare addressed and characterized.
The molecules’ key characters are determined lhiging a structure-based virtual screening
workflow, derivatives synthesis, and biological lenion. Structural optimization and
structure—activity relationship (SAR) analysis w#ren carried out on the virtual hit ¥5-8
with potent activity, which resulted in the discoyeof compoundl0 as a more potent
regulator of Hsp90-Cdc37 interaction with a promgsinhibitory effect (IG, = 27 uM), a
moderate binding capacity (k= 40 uM) and a preferable antiproliferative activity aggsti
several cancer lines including MCF-7, SKBR3 and \s4ll lines (IG, = 26 uM, 15 uM
and 38uM respectively). All the data suggest that compoildéxhibits moderate inhibitory
effect on Hsp90-Cdc37 and could be regard as aduislence of a non-natural compound

targeting Hsp90-Cdc37 PPI.



1. Introduction

Heat shock protein 90 (Hsp90) has been recognized erucial role for cell cycle
control, protein assembly, kinase folding, cellvswal and many signaling pathways [1-3].
Targeting Hsp90 to inhibit its biological functiesma therapeutic strategy to treat cancer, and
to date, over 20 distinct N-terminal Hsp90 inhibstdhave entered into clinical trials [4].
These inhibitors are composed of geldanamycin (@Adlogues, resorcinaol analogues,
purine analogues and other synthetic inhibitors dfieof them target the Hsp90 ATP pocket
[5]. However, several severe side-effects have bbeported in some clinical trials and none
of them have been approved by the Food and Drug idisiration (FDA) [6-8].
ATP-competitive inhibitors could induce heat shoo&sponses by upregulating the
multifarious stress inducible heat shock protesigsh as Hsp70, which is inevitable and
ultimately contribute the insensitivity and resmsta of Hsp90 inhibitors on tumor cells [8].
The Hsp90 chaperone machine works through a mydtecprocess [9]. Simply inhibiting
the ATP hydrolysis of Hsp90 will inevitably impasome regular client proteins including
tyrosine kinases, signal transduction proteind;@alle regulatory proteins, anti-apoptotic
proteins and telomerases [2]. The toxicity and Bbatk response induced by Hsp90 ATPase
Inhibitors are possibly because of the partial dganaf those proteins.

During the maturation of client proteins of Hsp@J,P hydrolysis is only one step of
this complicated procedures. Multiple co-chaperpsesh as Hsp70, Hsp40, HOP, Cdc37,
and Ahal, are indispensable of each other [10,Arbftein kinases are a significant part of
Hsp90 chaperone client proteins and play crucialsrm the occurrence and development of
tumor growth [12]. Among them, more than 50% of tbkent proteins need the
co-chaperone Cdc37 to regulate their correct fgldinansformation and maturation [13].

Cdc37, known as protein kinases-specific Hsp90 laperone, plays an essential role in



loading protein kinases to Hsp90 chaperone mackeadjng to natural maturation [14]. In
addition to classic ATP-competitive Hsp90 inhibgodisrupting Hsp90-Cdc37 PPI will
affect certain protein kinases rather than all ¢hent proteins of Hsp90 which definitely
exhibit higher specificity and lower potential toity and avoid the side effects and [15].
This is as an alternative and promising stratedgyéak through the barriers of classic Hsp90
ATPase inhibitors currently in clinical trials.

At presenthe rational development of Hsp90-Cdc37 have béatienging due to the
complexity of protein-protein interaction. Hsp90&3@ PPI have been reported all exhibited
a low micromolar binding abilityn vitro [16, 17]. Nevertheless, the X-ray crystal struetur
and NMR spectroscopy of the mid-domain of Cdc37 &hterminal of Hsp90 were
presented in 2004 and 2009 respectively, providirgyeat foundation for development of
small molecular inhibitors to disrupt Hsp90-Cdc371 PL7-19]. In 2008, one of the potent
ingredients from the extracts of CelastranceaetglaBelastrol, was reported to exhibit
potency of Hsp90-Cdc37 disruption by binding toharged pocket of Hsp90 N-terminal
[20]. However, another result they put forward 002 demonstrated that celastrol prevented
Hsp90 C-terminal from trypsin digestion by a dirdwmihding mechanism through a
fingerprinting assay [21]. Thus, celastrol mighveal its potency by multiple regulation
mechanisms. Compared to celastrol, other reportauhators including withaferin A (WA)
[22], FW-04-806 [23], apigenin [24], sulforaphan25] and kongensin A (KA) showed
similar low activities. As shown in Fig. 1, all #hese modulators are natural products
showing the absence of target specificity, ceryaimt modulation mechanism, specific
binding site and co-crystal structures, leadingnto ideal lead compounds for future
modification and development. Thus, small moleculageting the Hsp90-Cdc37 PPI

interface with high affinity and specificity aregently required.



The most common method to obtain PPl modulatormitsaated from the peptides
directly derived from the PPI binding interface J2B8ccording to our previous study [27],
we utilized the potential peptides derived from &d¢o explore the detailed binding site of
Hsp90-Cdc37 for the discovery of small moleculesthis paper, we report our workflow of
discovery and identification of small moleculesgetmg Hsp90-Cdc37 PPI by a virtual
screening-based method combined with biologicalidasibn. Five hundred thousand
compounds in Specs and NCI databases were scrbgmthrmacophore and cross-docking
filtrations. Thirty-one compounds were obtained aochased for further identification in
In vitro assays. FinallyyS-8 (specs ID: AN-329/40718894) revealed weak actiwvityitro
(ICso values: 77uM) and exhibited anti-proliferative potency agaissiveral cancer lines
including MCF-7, SKBR3 and A549 cell lines. To enba the potency and explore the
structure relationship o¥S-8, 16 derivatives were designed and synthesizedeveat
compound10, which exhibited more promising inhibitory effectC{h = 27 uM), better
binding capacity (I = 40 uM) and preferable antiproliferative activity againdCF-7,
SKBR3 and A549 cell lines (kg = 26 uM, 15 uM and 38uM respectively) compared to
VS-8. All the data suggest that compoud@ exhibited moderate inhibitory effect on
Hsp90-Cdc37 and could be regard as a first evidefi@genon-natural compound targeting

Hsp90-Cdc37 PPI.
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Figure 1. 2D structures of the reported modulatargeting Hsp90-Cdc37 PPI.

2. Materialsand Methods
2.1 Compounds and Reagents

Positive compounds including celastrol (Selleck,, TDSA), GA-FITC (BML-E1361,
Enzo Life Sciences, USA, FITC labelled geldanamyaised as a probe molecule in
fluorescence polarization competitive assay) aneDMAG (Selleck, TX, USA) were
dissolved in DMSO (sigma, St. Louis, MO, USA) antbred at -20°C in a final
concentration of 10 mM before use.
2.2 Computational methods
2.2.1 Pharmacophore generation

The basic pharmacophore model was generated froen ctiystal structure of



Hsp90-Cdc37 (PDB: 1US7). To obtain detailed infatiora of the ligand-receptor binding
mode, a Cdc37 derived peptides docking model waseaat to construct the final
pharmacophore [27]. Receptor-Ligand Pharmacophoseefation protocol in Accelrys
Discovery Studio (DS) 3.0 (Accelrys Inc., San Die@#, USA) was utilized to construct
the pharmacophore model. Finally, based on hotsspotd binding mode analysis, we
manually selected the indispensable pharmacopheraeats that contain two hydrogen
bond donors (HBD), one hydrogen bond acceptor (HBAE hydrophobic feature and one
positive ionizable center.
2.2.2 Pharmacophore and docking screening

The chemical databases (Specs and NCI databask) 500,000 molecules were
screened using the ensemble pharmacophore modébdyd pharmacophore mapping
module in DS 3.0. Considering the complexity of fhiearmacophore model and harsh
criteria for eligible ligands, one feature can Ipaitted in the ligand-pharmacophore mapping
procedure. All the molecules which fitted at leémtir pharmacophores (1532 remained)
were aligned in DS 3.0 and processed the crosshutpgirocedure. These ligands were
docked into Hsp90 protein structure by Libdock,xBleck, CDOCKER and Glod5.0 (DS
3.0). The root-mean-square deviation (RMSD) was$izeti to compare the differences
between the docked poses and co-crystallized moseetisure docking reality. Finally, 31
compounds with preferable docking scores and bgdimodels were picked out for
purchasing list and further biological validation.
2.3 Chemistry

All reagents in this paper were purchased from cemoral sources. Rotary evaporator
(BuchiRotavapor) below 50 °C under reduced presaa® used to concentrate all organic

solutions. Melting points were determined using eltMemp Il apparatus. Bruker AV-300



instrument was utilized to measure #f NMR spectra. Deuterated solvents were used to
dissolve all compounds with tetramethylsilane (TM&) internal standard. Shimadzu
GCMS-2010 instruments were used to obtain EI-MS aNdter Q-Tofmicro mass
spectrometer was used to obtain ESI-mass and ésggiiution mass spectra (HRMS). HPLC
was performed on Agilent C18 column (4.6 mm x 150,8.5um) to determine the purity

of all compounds.

2.3.1 General procedurefor preparation of 2a-e.

Malonyl chloride (2a). Malonic acid (1.4 g, 10 mmol) was directly dissalva thionyl
chloride (10 mL) and then heated to reflux for Z’he excess thionyl chloride was removed
by rotary evaporator below 50 °C under reducedspmes The crude product was obtained
and directly used in the next st@p-2e were obtain using the similar procedure@af
2.3.2 General method for the preparation of 5f-50.

4-amino-N-(5-methylisoxazol-3-yl)benzenesulfonamide (5f).
3-amino-5-methylisoxazole (1.18 g, 12 mmol) waseattb the solution of THF (20 mL)
and pyridine (1 mL). The reaction mixture was stirrat room temperature for 6 h after
4-acetamidobenzenesulfonyl chloride (2.34 g, 10 thamvas added to the reaction solution.
After the completion of the reaction monitored byCl the solvent was remove. Then, 30
mL of 0.5 M hydrochloric acid was added and a Ibjprecipitation was precipitated for
filtration. The crude solid was washed with wated alirectly used in the next step. All the
intermediates were dissolved in 20% NaOH solutiod @ne reaction mixtures were heated
to reflux in an oil bath for 2 h. Then the reactienlution was quenched with 2 M
hydrochloric acid to pH 7.4, resulting a lot of wehsolid. The crude product was obtained
and washed with 5*10 mL water, then dried overnighd vacuum desiccator, yieldifaf) as

a white solid, yield 86%; mp 168-172.'H NMR (300 MHz, DMS03) 7.55 (d, 2HJ =



7.08 Hz); 6:78:6:82 (d; 2H) = 856 Hz); 6:35 (s; 1H); 6:05 (S; 2H); 2:36 (&):3HRMS
(ESI): found 239.2656 (@HioN.0:S, [M + HJ, requires 239.2641). HPLC (80:20
methanol:water with 1%. TFA)RE 3.86 min, 98.1%.
5g to 50 were obtained using the similar procedureSfof
2.3.2 General synthesis procedure of 1-16.
N1,N3-bis(4-(N-(5-methylisoxazol-3-yl)sulfamoyl)ptnd)malonamide ). 5f (253 mg,
1 mmol) was dissolved in the solution of THF (10)nalnd pyridine (1 mL) befor2a (240
mg, 2 mmol) was dropwise added. Then the reactiatune was stirred at room temperature
overnight until the white solid was precipitatedhel crude product was filtered and
recrystallized with ethanol to givelaas a light-yellow solid, yield 72%: mp 213-2%8, 'H
NMR (300 MHz, DMS0,5) 10.58 (s, 2H), 7.79 (d, 8H,= 3.01Hz), 6.10 (s, 2H), 3.55 (s,
2H), 2.28 (s, 6H). HRMS (ESI): found 573.08634&,N:0sS,, [M-H], requires 573.0868).
HPLC (80:20 methanol:water with 1%0 TFA}=t4.64 min, 96.91%.
N1,N4-bis(4-(N-(5-methylisoxazol-3-yl)sulfamoyl)pind)succinamide 4). The same
procedure ad, white solid, yield 83%; mp 263-26'€, 'H NMR (300 MHz, DMSO,3)
11.30 (s, 2H), 10.46 (s, 2H), 7.79 (s, 8H), 6.132(4), 2.72 (s, 4H), 2.31 (s, 6H). HRMS
(ESI): found 611.0262 (GH-4NeOsS,, [M+Na]’, requires 611.0091). HPLC (80:20
methanol:water with 1% TFA)rE 4.12 min, 99.91%.
N1,N6-bis(4-(N-(5-methylisoxazol-3-yl)sulfamoyl)pind)adipamide 8). The same
procedure ad, white solid, yield 89%: mp 266-26'C,'H NMR (300 MHz, DMSO,3)
11.31 (s, 2H), 10.32 (s, 2H), 7.76 (s, 8H), 6.12H), 2.36 (s, 4H), 2.28 (s, 6H), 1.61 (s, 4H).
HRMS (ESI): found 639.1452 ¢gH,sNsOsS,, [M+Na]’, requires 625.1426). HPLC (80:20
methanol:water with 1%o. TFA)rE 4.25 min, 98.95%.

N1,N4-bis(4-(N-(5-methylisoxazol-3-yl)sulfamoyl)pind)terephthalamide 4). The



same procedure ds yellow solid, yield 65%; mp 223-22&,'"H NMR (300 MHz, DMSO,
8) 11.31 (s, 2H), 10.59 (s, 2H), 8.34 (s, 2H), 77/8&7 (m, 8H), 7.37 (d, 2H] = 6.04Hz)
6.12 (s, 2H), 2.29 (s, 6H). HRMS (ESI): found 6548 (GgH,.NsOsS,, [M+Na]’, requires
659.6511). HPLC (80:20 methanol:water with 1% THA¥ 4.21 min, 98.25%.

N1,N3-bis(4-(N-(4,5-dimethylisoxazol-3-yl)sulfamgghenyl)malonamide 5. The
same procedure ds light yellow solid, yield 64%; mp 230-23C,'H NMR (300 MHz,
DMSO, §) 10.94 (s, 2H), 10.64 (s, 2H), 7.79 (d, 4Hs 8.86Hz), 7.71 (d, 4H] = 8.82Hz),
3.58 (s, 2H), 2.08 (s, 12H). HRMS (ESI): found &2&1 (GsH-6NsOsS,, [M+Na]’, requires
625.6423). HPLC (80:20 methanol:water with 1% TRAX 4.18 min, 99.82%.

N1,N3-bis(4-(N-(1-methyl-1H-pyrazol-5-yl)sulfamophenyl)malonamide 6). The
same procedure dswhite solid, yield 75%; mp 277-27€,"H NMR (300 MHz, DMSO§)
10.86 (s, 2H), 7.82 (d, 4H,= 8.71Hz), 7.67 (d, 4H] = 9.01Hz), 7.26 (d, 2H] =1.82Hz),
5.60 (d, 2H,J =1.84Hz), 3.61 (s, 2H), 3.56 (s, 6H). HRMS (ESIurd 595.1326
(Co3H24N506S,, [M+Na], requires 595.1321). HPLC (80:20 methanol:wateh ifse TFA):
tr= 3.98 min, 99.91%.

N1,N3-bis(4-(N-phenylsulfamoyl)phenyl)malonamidé).( The same procedure 4s
white solid, yield 89%; mp 202-20€C,'H NMR (300 MHz, DMSO) 10.54 (s, 2H), 7.69
(s, 8H), 7.21-7.18 (m, 4H), 7.07-7.04 (m, 4H), 7@0 2H), 3.50 (s, 2H). HRMS (ESI):
found 587.1136 (§H2N4OsS,, [M+Na]", requires 587.1129). HPLC (80:20 methanol:water
with 1%o TFA): &= 4.66 min, 99.85%.

N1,N4-bis(4-(N-(4,5-dimethylisoxazol-3-yl)sulfamgghenyl)succinamide 8]. The
same procedure dswhite solid, yield 92%; mp 247-24€,'H NMR (300 MHz, DMSO§)
10.91 (s, 2H) 10.48 (s, 2H), 7.78 (d, 4Hs 8.98Hz), 7.68 (d, 4H] = 8.91Hz) 2.72 (s, 4H),

2.07 (s, 6H), 1.61 (s, 6H). HRMS (ESI): found 63®3 (GeH»4NsO6S,, [M+Na]’, requires



639.1302). HPLC (80:20 methanol:water with 1% TRAX 4.22 min, 99.14%.
N1,N4-bis(4-(N-(thiazol-2-yl)sulfamoyl)phenyl)sucamide 9). The same procedure
as1, pink solid, yield 86%; mp>30%C,'H NMR (300 MHz, DMSO}) 12.59 (s, 2H), 10.27
(s, 2H), 7.62 (s, 8H), 7.14 (d, 2Bi= 4.62Hz), 6.71 (d, 2H] = 4.62Hz), 2.41-2.39 (m, 4H).
HRMS (ESI): found 615.6814 ¢@,0NsOsSs, [M+Na]’, requires 615.6810). HPLC (80:20
methanol:water with 1%, TFA)rE 3.82 min, 99.85%.
N1,N4-bis(4-(N-(1-methyl-1H-pyrazol-5-yl)sulfamophenyl)succinamide 10). The
same procedure ds white solid, yield 88%; mp>308C,'H NMR (300 MHz, DMSO )
10.48 (s, 2H), 10.18 (s, 2H), 7.80 (d, 44 8.40Hz), 7.66 (d, 4H] = 8.76Hz), 7.28 (d, 2H,
J = 1.65Hz), 5.62 (d, 2H] = 4.08Hz), 3.58 (d, 6H] = 4.62Hz), 2.74 (s, 4H). HRMS (ESI):
found 609.6428 (&H»eNsOsS,, [M+Na]’, requires 609.6419). HPLC (80:20 methanol:water
with 1% TFA): k= 4.72 min, 99.67%.
N1,N4-bis(4-(N-phenylsulfamoyl)phenyl)succinamidi)( The same procedure as
white solid, yield 88%; mp 280-28C,*H NMR (300 MHz, DMSOJ) 10.29 (s, 2H), 10.05
(s, 2H), 7.58 (s, 8H), 7.11 (s, 5H), 6.97 (s, 5BE6 (s, 2H), 2.41 (s, 2H). HRMS (ESI):
found 601.1205 (§H26N4O6S,, [M+Na]’, requires 601.1186). HPLC (80:20 methanol:water
with 1%o TFA): &= 3.95 min, 99.96%.
N1,N4-bis(4-(N-(pyridin-2-yl)sulfamoyl)phenyl)suecamide {2). The same procedure
as1, light yellow solid, yield 88%; mp 280-28C,"H NMR (300 MHz, DMSO}) 10.35 (s,
2H), 8.00 (d, 2H,) = 6.84Hz), 7.78 (d, 4H] = 8.88Hz), 7.70-7.65 (m, 6H), 7.10 (d, 2Hs
8.58Hz), 6.87-6.83 (m, 2H), 2.66 (s, 4H). HRMS (ESbund 603.1112 (§H.4NsOsS,,
[M+Na]", requires 603.1091). HPLC (80:20 methanol:wateth iPs TFA): &= 4.08 min,
99.63%.

N1,N4-bis(4-(N-(4-methylpyrimidin-2-yl)sulfamoyl)@myl)succinamide 13). The



same procedure dswhite solid, yield 81%; mp 254-258,'H NMR (300 MHz, DMSO§)
11.49 (s, 2H), 10.30 (s, 2H), 8.21 (d, 2H 5.10Hz), 7.80 (d, 2H] = 8.85Hz), 7.63 (d, 2H,
J = 8.85Hz) 6.80-6.77 (m, 2H), 2.41-2.40 (m, 4H),®.@, 6H). HRMS (ESI): found
633.6648 (GsH26NsOsS,, [M+Na]’, requires 633.6639). HPLC (80:20 methanol:watéh if6o
TFA): tg= 3.82 min, 96.19%.

N1,N4-bis(4-(N-(pyrimidin-2-yl)sulfamoyl)phenyl)samamide (4). The same
procedure ad, white solid, yield 81%:; mp 254-25%,'H NMR (300 MHz, DMSO,3)
11.58 (s, 2H), 10.31 (s, 2H), 8.61 (d, 4+ 8.85Hz), 7.80 (d, 4H] = 8.85Hz), 7.57-7.50 (m,
4H), 6.95-6.92 (m, 2H), 2.40 (s, 4H). HRMS (ESIpufid 605.6122 (5H2:NgO6S,
[M+Na]", requires 605.6127). HPLC (80:20 methanol:wateth e TFA): &= 4.10 min,
99.92%.

N1,N4-bis(4-(N-(6-methoxypyridazin-3-yl)sulfamoyhpnyl)succinamide 16). The
same procedure dswhite solid, yield 78%; mp 270-27C,'H NMR (300 MHz, DMSO§)
10.26 (s, 2H), 7.87-7.60 (m, 10H), 7.24 (d, 2Hs 9.63Hz), 3.74 (s, 6H), 2.59 (s, 4H).
HRMS (ESI): found 665.1214 ¢gH,eNs0sS,, [M+Na]*, requires 665.1207). HPLC (80:20
methanol:water with 1%, TFA)gEt 3.81 min, 99.89%.

N1,N4-bis(4-((2-(diaminomethylene)hydrazinyl)sulftyphenyl)succinamidel@). The
same procedure ds yellow solid, yield 65%; mp 251-25€,'H NMR (300 MHz, DMSO,
8) 8.79 (t, 1H,J = 1.44Hz), 7.88-7.83 (m, 1H), 7.36-7.31 (m, 3HE166.51 (m, 8H), 2.41(t,
4H, J = 1.77Hz). HRMS (ESI): found 563.5724 8,,N::0:S, [M+Na]’, requires

563.5729). HPLC (80:20 methanol:water with 1% TRAX 4.10 min, 96.32%.

2.4 Biology

2.4.1 Expression and purification of Hsp90 and Cdc37.



The protein expression and purification assays wareed out as previously described

[27].
2.4.2 Homogeneous Time-Resolved Fluorescence (HTRF)assay

For each HTRF assay, 4 of His-tagged full-length Hsp90 andd of GST-tagged
Cdc37 M were mixed into 384-well black low volumlate (Greiner#784076) in PBS buffer
(containing additional 400 mM KF, pH=7.4) with andi concentration of 250 nM,
respectively. Subsequently,d of a different gradient of diluted compounds ey from
300uM to 1.23uM with three times dilution) were added into thatplfor 1 h incubation at
37 °C. Another 0.5 h incubation at 37 °C was penkal after adding 4ulL of
anti-GST-Cryptate (61GSTKLA, CISBIO) and dL of anti-6His-XL665 (61HISXLA,
CISBIO) detection reagent to reach a final gD testing system. Molecular Device
(SpectraMax paradignyex = 320 nmaem = 665 nm and 620 nm) was carried out to
measure the time-resolved fluorescence values.fiflaé HTRF ratio was obtained by a
two-wavelength signal proportion calculated asofelhg equation: (Signal 665 nm/Signal
620 nm) x10000. Negative control (without additioh compounds) and blank control
(detection reagent only) were performed for eash #ll data were analyzed by GraphPad
Prism 5.0 software.
2.4.3 ATPaseinhibition assay

Hsp90 ATPase inhibition assay was performed usiisgdYer RX ADP Hunter™ Plus
Assay Kit (Discovery, Fremont. CA). Following thestructions, constant concentration of
compounds (diluted to a final concentration of 10@ with buffer containing 15 mM
HEPES, 20 mM NaCl, 1 mM EDTA, 10 mM Mg{and 0.02% Tween20, pH = 7.4) and
positive control (celastrol and 17-DMAG) were tesia 384-well black plates at 37 °C.

Each well was filled with 2@L diluted compound, 2QL Hsp90 protein (;uM) and 20uL



ATP (100uM) for 1 h incubation. 1QL detection reagent A and 2@ detection reagent B
was added subsequently and incubated at room tatoperfor 30 mins before final
determination. To examine the ADP generation, aioggan multimode microplate
spectrophotometer (Thermo Scientific Varioskan Irlas40 nm excitation and 620 nm
emission) was used. Background values were measuradcondition without protein and
ligands, while negative control was determined irsaution without ligand and was
regarded as 100% protein activity.
2.4.4 Fluorescence polarization (FP) competitive assay

Generally, the FP experiments was performed asiqusly reported [28].The FP
experiments were carried out using the excitatioth @mission filters. 2QL Hsp90 protein
and 20uL GA-FITC probe mixture (100 mM Tris at pH 7.4, 8tM KCI, 6 mM MgCh, 5
mg/ml BSA, 100 nM Hsp90, 10 nM GA-FITC) were addexd 384-well black plates
combined with 2QuL diluted compounds (constant concentration: u®). After 30 min
incubation at room temperature in the dark, fluceese polarization values were measured
on a SpectraMax multimode microplate reader (MdeacDevices SpectraMax Paradigm;
Excitation wavelength 485 nm, Emission wavelen@h Bm). The final inhibition ratio was
calculated using GraphPad Prism 5.0. The inhibibbrthe inhibitors were determined by
equation %inhibition = 1- (1Bs - Puin)/(Pmax - Pmin). Pmax refers to the polarization values of
the wells containing protein Hsp90 and the GA-FIgi@be. Ry, refers to the polarization
values of free GA-FITC probe and,prefers to the wells simply containing the inhibgof
a certain concentration under the assay conditions.
2.4.5 Biolayer interferometry (BLI) assay

General experiment procedures were described uglyi¢g29]. The binding capacity

between the compounds and the Hsp90 protein wasndieed by biolayer interferometry



using an Octet Red 96 instrument (ForteBio Incl)ti#e assays were performed on Corning
96-well black plate and data were collected at @5 Before the protein was immobilized
onto the Aminopropylsilane (APS, ForteBio Inc., Neark, CA) biosensors, all the tips
were placed in the buffer of 0.1 M PBS to establispre-baseline. Next, the experiments
were composed of following steps: (1) baseline eéhssrs transferred to the 0.1 M PBS
buffer for 120 s equilibration; (2) loading, sensips were moved to Hsp90 protein wells for
600 s immobilization; (3) baseline 2, sensors weoxed to plates containing 0.1 M PBST
for another 120 s equilibration; (4) associatiensors moved to ligand buffer for 300 s to
measure ks, (5) dissociation, sensors moved to 0.1 M PBSTebudbr 300 s to measure,K
Four concentrations of each compound were utilipedbtain the final curve (ranging from
100 uM to 12.5uM). All the data were analyzed by ForteBio datalgsia software and the
equilibrium dissociation constant £K values were calculated using the equatiog &K
Koii/Kon).
2.4.6 GST pull-down assay

GST pull-down experiments were conducted usingcei®r GST Protein Interaction
Pull-Down Kit (Thermo Scientific). Loading buffeonsisted of 25 mM Tris, 0.15 M NaCl
(pH 7.2) and elution buffer contained an extra 14 neduced glutathione. 10g purified
GST-Hsp90ON protein (N-terminal Hsp90 with GST-tagas used as bait protein to
immobilize on the sepharose-contained resin inRteece Spin Columns for binding to the
substrates. Compounds and celastrol were addedthetaolumns after incubation with
Cdc37 for 1 h at 37 °C. In addition, then centrégtign (1 min at 1,000 x g, 4 °C) was
performed to remove solution containing Cdc37 (ppegtein) before elution buffer was
added. The columns were washed by loading buffeettimes and the eluent was collected

via centrifugation (1 min at 1,000 x g, 4 °C) foradysis of the eluted protein by SDS-PAGE



gel.
2.4.7 Cdl culture

The human cancer cell lines MCF-7, SKBR-3 and A%e purchased from American
Type Culture Collection (ATCC) or Cell Culture Centat the Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences. MI@€lls were cultured in MEM,
SKBR-3 cells were cultured in RPMI-1640 medium &9 cells were cultured in F12K.
All of them were supplemented with 10% fetal cadfrtsn and antibiotics. Cells were
maintained in a 37C incubator (Thermo, USA) with 95% humidity and &0..
2.4.8 Western Blot Analysis

The expression levels of client proteins were deateed by Western blot assay.
SKBR-3 cells were treated with multiple diluted quonnd10 (1 uM, 10 uM and 50uM) for
24 h. Celastrol (IuM and 10uM) was chosen as the reference. Lysis buffer (50 mM
Tris-HCI, pH 7.5, 150 mM NaCl, 1 mM EDTA, 1% NP-4m2 mM PMSF, 0.1 mM NaF and
1.0 mM DTT) was used to lyse the cells after theyrevrinsed with PBS and trypsinized.
Then, the lysates were centrifuged at 12000 rpmi@omin at £C and the supernatants were
collected. The concentration of the protein wageined by BCA assay (Thermo, Waltham,
MA). Equal amounts of the total protein extractsreveletermined by SDS-PAGE. The
primary antibodies were anti-Hsp90 (#4874, Celh&lagng Technology, Inc., USA), anti-Akt
(#9272, Cell Signaling Technology, Inc., USA), a@tdk4 (#12790, Cell Signaling
Technology, Inc., USA) and arfractin (#66009-1-lg, Proteintech Group, Inc., China
Subsequently, the membranes were treated with agDyI800-labeled secondary antibody
(#072-07-15-06, KPL, USA) at 3 for 1 h. Finally, the Odyssey infrared imagingtsyn
(LI-COR, Lincoln, Nebraska, USA) were used for suag.

2.4.9 Anti-proliferative assay



Cell-based MTT assay was utilized to evaluate titeoliferative activity in MCF-7,
SKBR-3 and A549 cells. All the Cells were seeded@iwell plates (10000/well) and
maintained for 24 h. Next, the compounds dissoive®MSO in disparate concentrations
was added, and cells were incubated for 72 h. Aafdit incubation in 37 °C was conducted
after adding 2QL MTT solution (5 mg/mL in PBS). Next, 150. DMSO was added in the
wells to dissolve the MTT-formazan crystal, whicengrated only in viable cells. The OD
values were determined by the EIx800 absorbanceopiate reader (BioTek, Vermont, USA)
at 490 nm. According to the linear relationshipwestn OD values and the number of viable
cells, the IGy, value was calculated from parallel experiments @@phpad Prim 6.0

software and performed as the mean + SD.

3. Resultsand Discussion
3.1 Phar macophore model generation

Since numerous protein crystal structures have hietarmined, the receptor-ligand
complex based pharmacophore method turns to be amsranore significant and efficient
[30]. To discover non-peptide modulators targetidgp90-Cdc37 PPI, the significant
chemical features in binding hot-spots were geerdr&d perform multiple pharmacophore
elements based on the binding mode of active pepiichd complex crystal structure [29].
As shown in Fig. 2, two polar regions are composgtd histidine and a terminal arginine
which have been demonstrated to be the determirfantthe recognition and binding
between target and ligands. Phenylalanine andetimirial acetyl represent a hydrophobic
pocket which contribute to the main entropy fordagy. The hydrophobic linker (providing
less binding contribution) occupies a superficiavity on Hsp90 and exhibits a moderate

distance of approximately 15 A. In addition, it hasen reported that the side-chain of



Argl67 in Cdc37 forms an electrostatic interacteomd a H-bond with the side-chain of
Glu47 in Hsp90,which were regarded as the mossdecfactor for Hsp90-Cdc37 PPI in the
crystal structure [17]. Thus, one positive featar@olar region 2 is indispensable for ligand
binding. All these results taken together resuliedive pharmacophore features: three

H-bond features, one hydrophobic feature and omeable feature.

Figure 2. Pharmacophore model generation basedtime peptide which is represented in green stitke
surfaces represent Hsp90. (A) Ligand and recemsed pharmacophore generation containing two polar
regions and one hydrophobic pocket. (B) The finaarmacophore used for screening. Pharmacophore
features are described as follows: hydrogen bormbrd¢HBD), violet; hydrogen bond acceptor (HBA),
green; hydrophobic center, azure; positive ionigat@nter, red. (C) Pharmacophore distance. Thandist

between certain features is represented in A.

3.2 Phar macophore-based virtual screening

Based on the pharmacophore established above, 8pdddCl database was prepared
and filtered primarily. Depending on the criticaatures of Hsp90-Cdc37, the standard
charge of each compound in the database was daldwdaneutral condition (pH = 7.4). All

compounds were prepared using ligand prepare mioto®iscovery Studio 3.0. However,



considering the complexity of the pharmacophore eh@hd harsh screening criteria for
eligible ligands, one feature could be omitted e tligand-pharmacophore mapping
procedure. During this process, shape constraiete &lso applied to maintain the proper
conformation of the ligands. Only 1532 compoundshi& database, which mapped to the
pharmacophore model, were retained for further ohackiltration. Libdock, Ligandfit and

CDDOCKER were sequentially applied to evaluate lineding capacity of the filtered

compounds. Finally, we purchased 31 compoundssthiafied all the demands mentioned

above. The whole screening process is shown in3Fig.

Specs and NCI Database Preparation 500000

1532

86
In vitro assays 31
Biology 1

Figure 3. Multistep virtual screening and biologgligation strategy for the discovery of modulators

targeting Hsp90-Cdc37 PPI.

3.3In vitro validation of virtual hits

The virtual screened hit compounds were subsequeitiermined by a series of
vitro biological assays including homogeneous time-xesblfluorescence (HTRF) assay,
ATPase inhibition assay, fluorescence polarizatip®) assay and direct binding assay
(biolayer interferometry, BLI). HTRF is a sensitiveethod to determine the effect of

protein-protein interaction based on a time-resblfl@orescence resonance energy transfer



(TR-FRET) mechanism. When Hsp90 bound to Cdc37 ctmugated donor and acceptor
came into close proximity to exhibit high emissgpectrum. Once the interaction between
two proteins is disrupted or affected by inhibitotee emission spectrum will reduce
accordingly [31]. As shown in Table 1, HTRF assaswitilized to verify the potency of all
compounds to disrupt Hsp90-Cdc37 Riitro. The detailed chemical structures are shown
in Fig.4. As shown in the results in Table 1, conmpbV S-2, VS8, VS-22 andV S-25 exert
more than 30% inhibition at the concentration o M. Considering all hits might directly
bind to Hsp90 N-terminal, an FP competitive assapg \werformed to determine whether
these compounds could occupy the ATP binding diteisp90. The detailed method was
reported previously [32]. Based on FITC labeleddaebhmycin, the first identified Hsp90
ATPase inhibitor, all the compounds showed no Imigdat 100uM ligand concentration
which demonstrated an obvious difference betweesehcompounds and classic Hsp90
N-terminal inhibitors. To examine the effect of Ad$@ inhibition, an assay of the Discover
RX ADP HuntefMPlus Assay Kit was performed. The final data showet compound
VS2, VS8 and VS25 exhibited no influence on Hsp90 ATPase even whea t
concentration raised up to 1oM. However,VS-22 revealed a weak inhibition as 45.67%
which might be a result of resemble structure tanguanalogues. Among all the assays,
celastrol was used as a positive control to sho#4P8 inhibition in HTRF assay while little
inhibition effect in ATPase and FP assay at iwas observed, which is consistent with
literature reports [20].17-DMAG, a classic Hsp90 ATPase inhibitor, exerted no
Hsp90-Cdc37 PPI disruption ability but high inhdoyt effect in ATPase and FP assay
(shown in Table 2).

Subsequently, biolayer interferometry (BLI) assakich is identified as one of the

most common ways to determine the direct bindirfaiaf of ligand-protein interactions



[33], was applied to examine the direct binding azaty of these four compounds. A
dose-dependent binding manner was observed acgamalithe association and dissociation
curves. Kk values were calculated by the equation: &KK#/Kon. Finally, VS-8 obtained a
measured K value of 80uM. CompoundVS-2 and VS-25 exhibited no binding while
VS22 exerted a quite feeble binding ability 00 uM). The data of then vitro assays we
obtained showed thatS-8 could bind to Hsp90 with a moderate binding apikxhibiting

an entirely different binding mechanism with Hsp8DPase inhibitorsVS-8 exerted no
effect on Hsp90 ATPase while disrupted Hsp90-CdE®1 with micromolar inhibitory
activity in HTRF assay through a direct binding man AlthoughV S-8 gave its potential to
disrupt Hsp90-Cdc37 PPI, the potencyM$#-8 is feeble which needs a series of derivatives

for further investigations.

Table 1 100 puM inhibition and binding constants (K p) of 4 compounds ©

Compound No. HTRF ATPase FP Kb
inhibition inhibition inhibition (BLI)
(100uM) (100uM)  (100uM)

VS-2 (AP-263/41670332 47.64% <10% N/A? N/A

VS-8 (AN-329/40718894) 59.33% <10% N/A2 80.4M

VS-22 (AP-906/41637264 36.59% 45.67% NA > 100M

VS-25 (AM-900/14781022)  30.67% <10% N/A2 N/A

Celastrol (1QuM) 79.34% 12.31% N/A ND°

17-DMAG (10uM) N/A® 96.45% 99.82% ND
#No activity

P Not determined
“all values are the mean of three independent expets.
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Figure 4. Chemical structures of four virtual sore hitsVS-2, VS-8, VS-22, VS-25.

3.4 Potential binding model analysis and Structure activity relationship study of VS-8
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3f R= 3-Amino-5-methylisoxazole
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3h R= 1,3-thiazol-2-amine

3i R= 1-Methyl-1H-pyrazol-5-ylamine
3j R=aniline

3k R= 2-Aminopyridine

3L R= 2-Amino-4-methylpyrimidine

3m R= pyrimidin-2-amine

3n R= 3-Amino-6-methoxypyridazine
30 R= guanidine

Scheme 1. Reagents and conditions: a) S@QEe&flux; b) THF, pyridine, rt; ¢c) 20% NaOH solutioreflux; d)
THF or 1,4-dioxane, pyridine, rt.

To confirm the potency of VS-8, a series of demed were designed and synthesized.
VS-8 is a symmetrical structure containing a cérfttemzamide with three alkyl carbons as a
linker to perform as two equal aromatic systemsbgnecting a sulfonamide. In order to
have a better understanding ¥f5-8 binding mode for further compounds design, we
modeledVS-8 into Hsp90-Cdc37 binding site using the crystalcttire (PDB: 1US7). As
shown in Fig 5A and 5BYS-8 could bind to Hsp90 by occupying both P1, P2 aBd P
sub-pockets to exert potential disruption abilifyHsp90-Cdc37 PPI. One of the methyl
oxazole side-chain occupied P1 (including Leu9&9&l Phel24 and Tyrl25) and the other

formed hydrogen bond with GIn119 in Hsp90 to occt®dy The central linker chain with



five carbon atoms bound to P2 and formed interastiwith Asn37 and GIn119 through its
amides. Based on this point of view, the major eons for optimization olVS-8 might
include linker chain variations to obtain a betbgand efficiency in P2 and different
aromatic substitutions to form extra possible iat#ons with Hsp90, especially in P3 which
exert fewer interactions.

Subsequently, we first explored the main linkertloa original structure by altering the
amount of middle alkyl carbons or directly replagih with phenyl ring while the original
sulfonamide substitution was maintained. Differartgths of alkyl carbons (from one to
four) were utilized to obtain main linker variatiderivativesl-3 and phenyl ring substituted
compound4 according to a two-step synthetic route, showsdmeme 1. As shown in Table
2, besides compound the derivatives (compounds3) of main linker variations slightly
affected the inhibition in HTRF assay under the poond concentration of 1Q0M which
indicated that phenyl ring was not favored in caintinker modifications. Among them,
compoundl and2 exhibited the optimal inhibition of 66% and 70%spectively. Based on
this result, the central linker length of one tatalkyl carbons might be the most ideal to
exert optimal occupation of P2. Further modificatoof different substitutions of
sulfonamide were designed to rigidify the one/twarbon linker and explored the
significance of different heterocyclic ring of tinegative charge/H-bond acceptors to form
more interactions in P1 and P3. Using the scaffbldeveral penta/hexa-heterocycles as the
sidechain amide modifications, compoun@slé were obtained as second series of
symmetrical compounds. The preparation pathway ashpounds5-16 from 5f-50 with
2a-2d was shown irscheme 1. Unfortunately, the majority of these compourtsld6
exhibited declined or lost activity (less than 50#ibition under 100uM), except

compoundlO with N-methylpyrazole substitution and the cenlirdter of two alkyl carbons



exhibited slightly improved activityJsing the same model &S-8, we modeled compound
10 to the same binding site of Hsp90-Cdc37 PPI. Aswshin Fig. 5C and 5D, compouri@
exerted similar binding mode a55-8. As we expected, the central linker shrinkage made
this chain more unfolded which might result in ghar ligand efficiency in occupation of P2,
leading to the formation of significant interactolbetween amides and Arg32, Glu33 as well
as Ser36. N-methylpyrazole substitution in P1 fatrs@milar interactions (interacted with
Ala97, Vall122 and Tyrl25) witlvS-8. Additionally, N-methylpyrazole substitution in P3
could form more interactions with multiple residuesluding Ser198, Glu199 and Phe200
which might result in a better activity.

To further evaluating the detailed inhibitory adfivand binding capacity between
compoundlO andV S-8, we calculated the Kgvalues using HTRF assay and determined the
binding constants using biolayer interferometryags®\s shown in Fig. 6, compourid
exhibited more promising inhibitory effect @€= 27.40uM) compared toVS-8 (ICs =

76.85uM).

Table 2.SAR exploration of central linker and sidechain substitution. &

Com. x or Ar R Inhibition % (100 pM)

1 -CHy- ﬂﬂg 65.6

2 -CH,CH,- \qﬂg 69.8

3 -CH2CH;CH,CH,- \qﬂg 20.7

4 -Ph- \qﬂﬁ NA

S “CHy \)N\f% <10%

6 -CH,- qﬂg 50.9

7 -CHy- ©/“>f 30.4

8 -CH,CH,- Qyﬁg 48.7



9 'CHZCHZ' NYngi < 10

U

10 -CH,CH,- (N\N,/Hﬁ 79.4

1 -CH,CH,- ©/“§ 49.6

12 -CHCHy- ~ N <10
13 -CH,CH- Wjﬁﬁ <10
14 -CH,CH;- Cjﬁg <10
15 CHCHy ~ <10
16 -CH,CHy- s <10
VS8 59.3
Celastrol 92.3

2all values are the mean of three independent axpets.

Compound 10

Figure 5. Potential binding models @S-8 and compoundO. The surface of Hsp90 was colored. (A,C)



Interaction modes of th&S-8 and compoundlO respectively. CompoundO formed extra multiple
interactions with Hsp90 compared\{&-8. (B,D) Binding surface depiction of théS-8 and compoundO.
Both two compounds occupied the P1, P2 and P3 edkets. CompoundlO performed better
conformational occupation in P1 and P2 with thetreétinker shrinkage and N-methylpyrazole subsiiiu
of the side-chain iVS-8.

3.5Compound 10 disrupts Hsp90-Cdc37 PPl in vitro, exhibits anti-proliferative

capacity and down-regulates the expression of client proteins

To confirm the PPI disruption ability of compoud@, we utilized a GST-pull down
assay kit for further validation. Detailed experitherocedure was described in the methods
and materials. After all the eluted liquids werealgmed by SDS-PAGE and western-blot
with anti-tag antibody (anti-GST and anti-His). @arconcentrations of compoutd were
set from 1 uM to 20 uM and two concentrations dasteol were set as 1 uM and 20 uM
which including two same concentrations of these tempounds. As shown in Fig. 6C,
compoundl0 exhibited little inhibition ability at the conceation of 1 uM and 5 uM, but
almost completely abrogated the interaction of Hsp®ith Cdc37 at the 20 puM
concentration. In addition, celastrol could alsonptetely disrupted the interaction between
Hsp90-Cdc37 at 20 uM concentration. All these dimonstrated that compout@ could
disrupt the interaction between Hsp90-CdceB7Aitro through a concentration-dependent

manner and exhibit similar disruption ability comgé with celastrol.
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Figure 6. (A) Dose-dependent inhibition of compoMei2, VS-8, VS-22, VS-25 and compoundO in the
HTRF assay. (B) Biolayer interferometry sensorgrafnthe binding of multiple concentrations ¥6-8 to

Hsp90. (C) compoundO and VS-8 disrupt Hsp90-Cdc37n vitro through a concentration-dependent

manner by GST-pull down assay.

It has been reported that Hsp90 and Cdc37 revéadgdrelevance with the occurrence
and development of cancer [14, 34]. The anti-peddifive capacities of 5 compounds and
celastrol were determined by MTT assay againsththman breast cancer MCF-7 and
SKBR3 cell lines as well as non-small cell lung aancell line A549. Cells were treated
with various concentration (ranging from 2001 to 0.823uM with three times dilution) of
compounds for 72 h. The cell viability was assedsenhitochondrial dehydrogenase activity.
As shown in Table 3, among all the compounds, cam@dlO exhibited the optimal
anti-proliferative activity with 1Gs of 26uM, 15 uM and 38uM against MCF7, SKBR3

and A549, respectively, which indicated a high elation with previously describad vitro



activity. Celastrol exhibited strong anti-proliféxee activity with more than 95% inhibition
at 10uM against all three tested cell lines which was@ated with previous report [35].
Because compountD exhibited the potential disruption ability of HEp€dc37 interaction,
we next determined whether compoub@d could exhibit inhibition potential on Hsp90
function and affect the expression levels of iterdl proteins in breast cancer cell (SKBR3).
After treatment of compoun#i0 and celastrol with various concentrations, we rieitzed
the expression levels of two well-known client @ias of Hsp90-Cdc37, Akt and Cdk4 [36,
37]. As shown in Fig. 7, both compouf@ and celastrol decreased the protein levels of Akt
and Cdk4 in a concentration-dependent manner. Ad2g-treatment of SKBR3 cells with 10
uM compound10 and 1uM celastrol moderately decreased Akt and Cdk4, &ujuM
compoundlO and 10uM celastrol could separately down-regulate Akt &uk4 obviously.
Meanwhile, both compountl0 and celastrol exhibited no effect on the expresswel of
Hsp90. These data indicated that compolidould induce degradation of client proteins of
Hsp90-Cdc37 PPI. These results demonstrated thatpaential Hsp90-Cdc37 PPI
modulators, compoundO exhibited micromole binding capacity and anti-geshtive
activity which could be recognized as a start ptinstudy Hsp90-Cdc37 PPI and further
structural modification might provide insights intnodulators development with high

affinity.



Figure 7. Effects of compountlD and celastrol on client proteins degradation. Batmpoundl10 and
celastrol induces decreases of Hsp90 client pretehkt and Cdk4) through a concentration -dependent

manner by Western blot. Meanwhile, compoufdand celastrol have no effect on the expressioel lel/

Hsp90.

Table 3. I C5 values of selected compounds in vitro antitumor activity.

antiproliferative activities 16y (uM) 2

Cpd MCE-7 SKBR-3 A549
VS2 89.18 + 5.98 > 100 > 100
VS8 66.91 +4.21 59.44+299  75.31+6.19
VS22 >100 >100 >100
VS-25 > 100 84.56 + 6.13 > 100
10 26.42 +2.86 14.67+198  38.44+2.17
Celastrol (10 pM) 98.62% 97.62% 95.43%

#Values shown are the mean + SD (n=3).

4. Conclusions and Discussion

In recent years, Hsp90-Cdc37 PPl has been recabrigean alternative strategy to
achieve Hsp90 inhibition through a non-ATPase ddpeh way. In addition to classic

ATP-competitive Hsp90 inhibitors, disrupting Hsp8de37 PPl will only affect certain



protein kinases, rather than all the client prateah Hsp90, which definitely exhibit higher
specificity and lower potential toxicity [15]. Hower, discovery and identification of highly
efficient PPl modulators have been regarded asntbst challenging tasks in medicinal
chemistry. It is common for PPIs to reveal largeding domains and various allosteric sites
which make it much more challenging to discover [sm@lecules based on traditional
medicinal chemistry methods. Oligopeptides, whick directly derived from the PPI
binding interface, could be served as ideal terapléd design small molecules. Based on our
previous study [27], we utilized the potential pdes derived from Cdc37 to explore the
detailed binding site of Hsp90-Cdc37 for the dismgwof small molecules. According to the
detailed binding mode, five pharmacophores weregaad including three H-bond features,
one hydrophobic feature and one ionizable featAteof these features, taken together,
could represent the most potential binding siteBlgf90-Cdc37. We subsequently used this
pharmacophore model and cross-docking filtratiors¢ceen the Specs and NCI database
which resulted in 31 compounds for purchase antuatian. The data of the vitro assays
showed thaV S-8 could bind to Hsp90 with a moderate binding apiktxhibiting an entirely
different binding mechanism with Hsp90 ATPase irbiis. VS-8 exerted no effect on
Hsp90 ATPase while it disrupted Hsp90-Cdc37 PPhwiticromole inhibitory activity in
HTRF assay through a direct binding manner. Toh&mrtconfirm the potency d¥S-8, a
series of derivatives were designed and synthesitedh resulted in compountld with
N-methylpyrazole substitution and the central Inké two alkyl carbons. CompountD
exhibited promising inhibitory effect (kg = 27 uM), moderate binding capacity gk= 40
uM) and preferable antiproliferative activity agaimsultiple cancer cell lines compared to
VS-8. All the data suggest that compoud@ exhibited moderate inhibitory effect on

Hsp90-Cdc37 and could be regard as a first evidefi@genon-natural compound targeting



Hsp90-Cdc37 PPI. Moreover, there is still a toughtywo go for discovery of high affinity

small molecules targeting Hsp90-Cdc37.
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Highlights

1. A multiple workflow including structure-based virtual screening, derivatives
synthesis and biological tests was established.

2. VS8 exhibited potential ability to disrupt Hsp90-Cdc37 interaction in vitro at
micromole level.

3. Synthesis of VS-8 derivatives was performed based on binding mode.

4. Compound 10 exhibited better Hsp90-Cdc37 inhibition ability and revealed

anti-proliferative activity by down-regulating client proteins.



