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Supplementary Figure S1. HSP70 ATP binding site structures. The HSP70 ATP-binding site is highly 

flexible with the size and shape dependent on nucleotide binding and association with nucleotide 

exchange factors such as Bag1. (a) Structure of HSC70-NBD in complex with ADP (PDB ID: 4H5T). (b)  

Structure of HSC70/Bag1 in complex with ATP (PDB ID: 2KHO). 
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Supplementary Figure S2. ATP interactions with HSC70. (a) Representation of the surface of the ATP-

binding site of HSC70/Bag 1 in complex with ATP (sticks; PDB ID: 3FZF) showing the prevalence of 

hydrophilic (blue) in comparison to lipophilic (yellow) and neutral (grey) residues on the surface. (b) 

Ligand interaction diagram showing the binding of the − and -phosphates of ATP stabilized by 

interactions with polar amino acids, water and cations in the binding site. 



 

Supplementary Figure S3. ATP site structure in S275W HSC70. Overlay of wild type HSC70-NBD bound 

to adenosine (PDB ID 5AQF; grey) with the S275W mutant HSC70-NBD (PDB ID 5AQL; green). The large 

indole group of the tryptophan (green sticks) occupies the space where the adenine ring of adenosine 

(magenta sticks) would normally bind. 

 

 

 

 

Supplementary Figure S4. Binding of 3 to HSP72-NBD was detected by CPMG LO-NMR and 

displaced by the addition of ATP. 
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Supplementary Figure S5. Protein structural changes during ligand pulling MD simulation. Heat map 

representation of HSP72-NBD secondary structures showing they are broadly maintained during the 

MD pulling experiment to remove 1 from the secondary binding site; where T represents the turns, E the 

β-sheet, B the isolated bridge, H the -helix, G the 3-10 helix, I the Pi-helix and C the coil structures. 

 

 

Supplementary Figure S6. Validation of HSP70 docking protocol. Overlays of the docked binding poses 

of 1 with the crystallographic data for 1-HSP72-NB (PDB ID: 7Q4R). The crystal structure conformation 

of 1 is colored by element, the docked conformations are colored as: ChemPLP, blue; CS, red; GS, yellow, 

and ASP, green. The root-mean-square deviation (RMSD) between the heavy atoms of 1 in the crystal 

structure conformation and the predicted binding poses are: ChemPLP – 0.8422 Å , CS – 0.9190 Å , GS – 

0.9602 Å  and ASP – 0.7938 Å . RMSD values < 1 indicate excellent reproduction of the experimental 

situation. 
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Supplementary Figure S7. SPR profiles of vHTS hits binding HSC70-NBD. Representative SPR 

sensorgrams and Langmuir isotherms for vHTS hits (a) 4, (b) 5, (c) 6, (d) 7 and (e) 8 binding to WT 

HSC70-NBD. Representative SPR sensorgrams and Langmuir isotherms for vHTS hits (f) 4, (g) 5, (h) 6, 

(i) 7 and (j) 8 binding to S275W HSC70-NBD. 

  



 

   

   (a)      (b) 

Supplementary Figure S8. The docked pose of compound 4 in the cryptic pocket of HSP70 as predicted by the 

ASP scoring function. (a) Compound 4 shown as ball-and-stick and the crystallized ligand 1 depicted as green 

lines. The protein surface shown where blue depicts regions with a partial positive charge on the surface, red 

depicts regions with a partial negative charge and grey shows neutral areas. (b) The predicted conformation 

depicted as ball-and-stick; no specific interactions are predicted between the ligand and the protein. The adjacent 

amino acids (< 5 Å ), buttressing the ligand, are shown as lines. Hydrogen atoms of the amino acids are omitted 

for clarity. 
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Supplementary Figure S9. The docked pose of compound 5 in the cryptic pocket of HSP70 as predicted by the 

ASP scoring function. (a) Compound 5 shown as ball-and-stick and the crystallized ligand 1 depicted as green 

lines. The protein surface shown where blue depicts regions with a partial positive charge on the surface, red 

depicts regions with a partial negative charge, and grey shows neutral areas. (b) The predicted conformation 

depicted as ball-and-stick; no specific interactions are predicted between the ligand and the protein. The adjacent 

amino acids (< 5 Å ), buttressing the ligand, are shown as lines. Hydrogen atoms of the amino acids are omitted 

for clarity. 
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Supplementary Figure S10. The docked pose of compound 6 in the cryptic pocket of HSP70 as predicted by the 

ASP scoring function. (a) Compound 6 shown as ball-and-stick and the crystallized ligand 1 depicted as green 

lines. The protein surface shown where blue depicts regions with a partial positive charge on the surface, red 

depicts regions with a partial negative charge, and grey shows neutral areas. (b) The predicted conformation 

depicted as ball-and-stick; no specific interactions are predicted between the ligand and the protein. The adjacent 

amino acids (< 5 Å ), buttressing the ligand, are shown as lines. Hydrogen atoms of the amino acids are omitted 

for clarity. 
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Supplementary Figure S11. The docked pose of compound 7 in the cryptic pocket of HSP70 as predicted by the 

ASP scoring function. (a) Compound 7 shown as ball-and-stick and the crystallized ligand 1 depicted as green 

lines. The protein surface shown where blue depicts regions with a partial positive charge on the surface, red 

depicts regions with a partial negative charge, and grey shows neutral areas. (b) The predicted conformation 

depicted as ball-and-stick; no specific interactions are predicted between the ligand and the protein. The adjacent 

amino acids (< 5 Å ), buttressing the ligand, are shown as lines. Hydrogen atoms of the amino acids are omitted 

for clarity. 
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Supplementary Figure S12. The docked pose of compound 8 in the cryptic pocket of HSP70 as predicted by the 

ASP scoring function. (A) Compound 8 shown as ball-and-stick format and the crystallized ligand 1 depicted as 

green lines. The protein surface shown where blue depicts regions with a partial positive charge on the surface, 

red depicts regions with a partial negative charge, and grey shows neutral areas. (B) The predicted conformation 

depicted as ball-and-stick; hydrogen bonding between the Lys271 carbonyl backbone group and the amine 

moiety in the ligand is seen (green line). The adjacent amino acids (< 5 Å ), buttressing the ligand, are shown as 

lines. Hydrogen atoms of the amino acids are omitted for clarity. 

 



 

 



 

 



 

 

 

Supplementary Figure S13. 1H and 13C NMR spectra for compounds 1, 2 and 3.  
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Supplementary Figure S14: LC-MS spectra for compounds 1 – 8. 

  



 

 

Supplementary Figure S15: Sequence alignment of the nucleotide binding domains of human HSP72 and HSC70 

proteins. Identical residues are shown in white font on a red background and similar residues in red font on a 

white background. Residue S275, crucial for the binding of the adenine ring of ATP, is highlighted with a blue 

star. Sequence identity is 85.1 % on the full-length proteins, rising to 88.7 % for the nucleotide binding domains 

only (residues 1 to 380 of both proteins), and to 100 % for the residues coating the ATP binding site and/or the 

binding site of compound 1 (residues 201-204, 229-231, 267-276, 299-303, 339-345 and 366). The sequence 

alignment was performed with Clustal Omega and its visual representation with ESpript 3.0. 

  



 

 

Supplementary Figure S16: Determination of pH 7.4 phosphate buffer solubility of 1 by quantitative NMR. 

  



 

 

Supplementary Table S1. Observed changes in NMR signal intensities for 3 on addition of HSP72-NBD and 

ATP.1 

Conditions Peak a Peak b Peak c 

3 + HSP72-NBD 41% 36% 31% 

3 + HSP72-NBD + ATP 5% 22% 7% 

1 Quantified from the data shown in Supplementary Figure S4 using MestreNova 

 

  



 

Supplementary Table S2. LC-MS data to confirm the identity and purity of vHTS hits 4 – 8. 

Compound Mass detected Purity (UV) 

4 369.1 (M+H)+ 94% 

5 361.2 (M+H)+ 100% 

6 386.2 (M+H)+ 96% 

7 351.2 (M+H)+ 98% 

8 381.1 (M+H)+ 100% 

 

  



Supplementary Table S3: Crystallographic data collection and refinement statistics for 1-HSP72-NBD. 

a Values in parentheses are for the highest resolution shell; b Half-dataset correlation coefficient [1]. 

 

Reference 

1. Karplus, P.A.; Diederichs, K. Linking crystallographic model and data quality. Science 2012, 336, 1030−1033. 

https://doi.org/10.1126/science.1218231. 

 

 

Protein construct HSP72 1-380 

Ligand 1 

PDB code 7Q4R 

  

Crystal  

Space group P 21 21 21 

Unit cell dimensions (a/b/c in Å ) 47.47/78.47/93.50 

Unit cell angles (α/β/γ in °) 90/90/90 

  

Data collection and processing  

Beamline DLS I24 

Wavelength (Å ) 0.9686 

Integration program XDS 

Reduction program AIMLESS 

Resolution range 47.47 – 1.79  

Number of unique reflections a 32590 (1470) 

Completeness a 96.8 (75) 

Redundancy a 5.5 (3.4) 

Rmerge (%) a 5.9 (37.7) 

I/σ(I) a 15.7 (2.2) 

CC1/2 a, b 0.999 (0.864) 

  

Refinement  

Program BUSTER 

Rwork (%) 19.17 

Rfree (%) 23.49 

Number of residues 383 

Number of water molecules 409 

Average B-factor (Å 2) 26.30 

Ramachandran favoured (%) 100 

Ramachandran outliers (%) 0 

RMSD bonds (Å ) 0.012 

RMSD angles (°) 1.496 


