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Supplemental Tables

Comparison of hot spot predictions with MM-GB/SA and DrugScore™"

Table S1: Predicted hot spot residues of the hHsp90 CTD.?!

_ MM-GBSA  DrugScore™
Residue

AGM AAGH!
1642 -2.52 -1.85
T669 -2.66 -0.41
L672 -2.04 -0.92
1688 -2.63 -1.23
Y689 -2.80 -1.52
1692 -3.20 -1.57
L696 -2.50 -0.81

[a] In kcal mol™.

[b] Mean values of effective energy contributions to the dimerization of hHsp90 CTD as
computed with MM-GB/SA calculations starting from the homology model [1]. The standard

error in the mean is < 0.1 kcal mol™.

[c] In silico alanine scanning results with DrugScore™" [2].
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hHsp90 CTD single alanine mutants

Table S2: Single alanine mutants of the CTD of hHsp90 investigated in this study.

Variant Abbreviation MW!?  Extinction coefficient
Alanine mutant 1|  CTD'™%%4 21427.2 13075
Alanine mutant Il CTDY®%A 21377.3 11585
Alanine mutant 11l CTD'®%?* 21427.2 13075
Alanine mutant IV CTD%4 21427.2 13075

[a] Computed molecular weight in Da.

Table S3: Mutagenesis primers for single alanine mutants.®

1688A:

ATT (Ile) —» GCA (Ala): 30 nt (5’-3°)

Forw.:. CATGCCAACCGTGCATACCGCATGATCAAA
Rev.: TTTGATCATGCGGTATGCACGGTTGGCATG
Y689A:

TAC (Tyr) — GCG (Ala): 31 nt (5-3°)

Forw.: ATGCCAACCGTATTGCGCGCATGATCAAACT
Rev.: AGTTTGATCATGCGCGCAATACGGTTGGCAT
1692A:

ATC (Ile) — GCG (Ala): 30 nt (5°-3")

Forw.: ATTTACCGCATGGCGAAACTGGGCCTGGGT
Rev.: ACCCAGGCCCAGTTTCGCCATGCGGTAAAT
L696A:

CTG (Leu) — GCG (Ala): 31 nt (5’-3%)

Forw: ATCAAACTGGGCGCGGGTATTGATGAAGATG
Rev: CATCTTCATCAATACCCGCGCCCAGTTTGAT
[a] The primers were obtained by Sigma-Aldrich Chemie GmbH Steinheim, Germany. Bold

nucleotides indicate the newly introduced alanines.
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Table S4: T, of hHsp90 CTD wild type and single alanine mutants.

CTD Wt CTDI688A CTDY689A CTDI692A CTDL696A
T 73.0+07 667+18 654+09 66.1+13 65.1+0.7
AT P! 0.0 6.3 7.6 6.9 7.9

[a] The detected fluorescence signal corresponds to the denaturation state of hHsp90. The

melting temperature Ty, of hHsp90 CTD single alanine mutants was determined from the
derivative of the fluorescence data by the implemented software (qgPCRsoft V2.0.37.0,
Analytik Jena AG, Germany). The mean value and standard deviation were calculated from at

least three independent measurements in reaction buffer with 100 mM Tris at pH 7.5 in °C.

[b] Difference in the T, with respect to the wild type in °C.

Thermofluor analysis of hHsp90 CTD with ligands

Table S5: Tm of hHsp90 wild type in the presence of ATP or MgCI2.

pH 7 pH 7.5 pH 8 pH 8.5

wt T 73.5+0.5 73.0+0.7 71.5+1.1 71.8+0.4
ATP T, 75.5+0.9 74.8+0.4 73.8+0.4 73.5+1.1
AT, ATP +2.0 +1.3 +1.5 +2.3

MgCl, T 75.0#0.0 75.040.7 74.5+0.5 73.8+0.8
ATmMgCL®!  +15 +1.5 +2.3 +2.3
[a] The detected fluorescence signal corresponds to the denaturation state of hHsp90. The

melting temperature T, of hHsp90 CTD wild type in the presence of ATP or MgCl, was
determined from the derivative of the fluorescence data by the implemented software
(gPCRsoft V2.0.37.0, Analytik Jena AG, Germany). The mean value and standard deviation
were calculated from four independent measurements in reaction buffer with 100 mM Tris at
pH7,7.58and8.5in °C.

[b] Difference in the T, with respect to the wild type in °C.
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Supplemental Figures

Sequence alignment
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Figure S1: Multiple sequence alignment of Hsp90 CTD from S. cerevisiae (2CG9 and
2CGE), E. coli (1SF8), and H. sapiens. The sequence identity is represented with color on the
sequences, ranging from blue (100%) to white (0%). The histograms located below the

alignment show the overall consensus between the four sequences.
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Validation of the homology model
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Figure S2: Ramachandran plot showing the ¢/y torsion angles for all residues of the

homology model. 91.4% of the residues are located in the most favorable regions of the plot

(A, B, L), 6.2% of the residues are located in additionally allowed regions (a, b, I, p), and

2.3% in generously allowed regions (~a, ~ b, ~ I, ~ p) [3].
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Structural deviations during MD simulations
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Figure S3: Root mean square deviations (RMSD) of backbone atoms during MD simulations
of 100 ns length of hHSP90 CTD. (A) RMSD of the dimer (black) and single domains (Chain
A, blue; Chain B, red). (B) RMSD of backbone atoms of dimer, chain A, and chain B (black,

blue, red, respectively) calculated excluding helices H2 and H2".
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Predicted hot spots for a CTD dimer of the crystal structure of an M-CTD construct of
hHsp90

H1 H2 H3 H4 H5 H1' H2' H3' H4' H5'

AV — - —— B —\ WV ———— BV — AN — AWV —E—— I — AW ——— B — W — VW WA~
3 I I I I I ] T T T T T
5| ChainA » ChainB i
'F%' 1L 5553 osaz | sasa 0652 -
E 0 e A e e . e oty b o
= " . |"|
5 4| I If l R ll ||]
=,
<
3 | Le72 L rese | 1 Leoe'
-4 1642 688 1642 L'BTZ'
H 1688"
5L Tocs 689.\|692 T669' Y68 figoo'
1 1 1 1 1 1

610 660 . 610 660"
residue number

Figure S4: Contribution to the dimer stabilization of each amino acid within the hHsp90 CTD
crystal structure (3Q6M). AG values are calculated by the MM-GB/SA approach [1,4] starting
from the CTD dimer of the crystal structure of an M-CTD construct of hHsp90 (PDB code:
3Q6M) [5] and employing a structural decomposition of the effective energy [6]. The
standard error in the mean is < 0.1 kcal mol™ in all cases. Amino acids contributing to the
dimerization with AG < -2 kcal mol™ are considered hot spots and are indicated in the graphic

by red dots. The “cold spots” are marked with blue dots.
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Hot spot prediction based on buried surface area
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Figure S5: Residue-wise relative change in the buried surface area upon formation of the
hHsp90 CTD dimer. For the calculations, the surface area values of the MM-GB/SA

calculations starting from the CTD dimer of the crystal structure were used.
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Thermofluor analysis of single alanine mutants of hHsp90 CTD
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Figure S6: Thermofluor assay for investigating the stability of single alanine hHsp90 CTD

mutants: Melting curves of measurements at pH 7.5 with the average T, * standard deviation
are shown below the curves for the alanine single mutants 1688A (A), Y689A (B), 1692A (C),

and L696A (D). The mean value (dotted black line) was calculated from three to four

independent measurements (yellow, red, blue, green lines) in reaction buffer with 100 mM

Tris.
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CD spectroscopy measurements
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Figure S7: CD spectra of the hHsp90 CTD wild type and hHsp90 CTD mutants in the range

198-260 nm. The two pronounced peaks at about 207 and 225 nm reveal in all the cases the

existence of a well-defined and mostly a-helical secondary structure.
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Thermofluor analysis of hHsp90 CTD with ligands
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Figure S8: ATP and MgCI, effect on wild type hHsp90 CTD: Addition of 5 mM ATP
(hatched) or 10 mM MgCl, (black) compared to the CTD of hHsp90 wild type (white). The
mean value and standard deviation were calculated from four independent measurements in
reaction buffer with 100 mM Tris at pH 7, 7.5 8 and 8.5 in °C.
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Purification of CTD of hHsp90 variants
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Figure S9: SDS-PAGE of Ni?*-NTA purified CTD of hHsp90 variants: After expression and
purification 1000 ng of wild type (1), CTD YE8NIBRALESEA 9y CTDIEBBAYEEIAIEZA 3y “ang

CTDSPBVR82A (4) were solved in 5x LAP buffer [7]. Protein variants were analyzed on a

18% polyacrylamide gel with 2 uL of a protein standard (PageRuler™ Prestaind Protein

Ladder; Thermo Scientific) and stained with colloidal Coomassie Blue [8]. Appearing protein

bands (arrow) correspond to the molecular weight of 21.5 kDa (Table 1) for the CTD of

hHsp90 variants indicating a pure protein solution.
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