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Supporting Information 

 

Supplementary Materials and Methods 

Dynamic light scattering. Representative size distributions of SBD641 at different protein 

concentrations in Tris 50 mM, pH 7.4, 150 mM KCl, 5 mM MgCl2 were recorded at 25 ºC on 

the Zetasizer Nano ZS instrument (Malvern Instruments Ltd.) at 633 nm after 1 h of incubation 

at room temperature. Alterations on the size distribution by substrate binding were also tested 

at exactly the same conditions, incubating 16 μM of SBD641 in the presence of different 

concentrations of the NR peptide (ratio 1:1, 1:5 and 1:15). Some samples were analyzed after 1 

h and 4 h incubation at room temperature and the same intensity size distributions were 

obtained. The samples were centrifuged for 15 min at 13200 rpm to remove dust particles and 

the scattered light was detected at an angle of 173°. The acquired data were analyzed by 

Zetasizer Nano software (Malvern Instruments Ltd.).  
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Fluorescence competition assay. Samples containing 50 μM ∆LSBD641 and 2 μM dansylated-

NR peptide (D-NR) in Tris 50 mM, pH 7.4, 150 mM KCl, 5 mM MgCl2 were incubated in the 

presence of different concentrations of non-dansylated NR peptide (ND-NR; 0, 50 and 200 μM) 

for 1h at room temperature and the dansyl fluorescence emission spectrum of each sample was 

recorded from 400 to 630 nm after excitation at 330 nm. The intensity at the maximum 

emission wavelength of three different samples for which ten spectra were recorded was 

averaged, and the fraction of bound D-NR peptide was then determined experimentally from 

the reduction in the fluorescence signal in relation to the reference sample without ND-NR 

peptide for which the fraction of bound D-NR peptide is known (83% of the D-NR peptide is 

bound in this conditions according to the affinity measured by fluorescence titration; see Figure 

5a in main text). 

The fraction of bound D-NR peptide was theoretically calculated for each sample according to 

a competitive model where the two ligands bind to the same substrate-binding pocket in the 

chaperone and assuming different values for the affinity of the ND-NR peptide for ∆LSBD641 

(Kd = 4, 8, 12, 16, 24 μM; the Kd for D-NR peptide obtained experimentally by direct 

fluorescence titration was 8  2 μM). 

From the mass balance of the total protein concentration (PT) in a two-ligands competitive 

model and substituting the concentration of each complex (PL1 and PL2, corresponding to the 

complex with D-NR and ND-NR peptide, respectively) by the expression obtained from the 

definition of the different dissociation constants, a third-order polynomial expression (A·P
3
 + 

B·P
2
 + C·P + D = 0) of the free concentration of protein (P) is obtained, where the coefficients 

of the different terms are: 
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where Kd1 = 8 M, the dissociation constant of the D-NR peptide:∆LSBD641 complex, Kd2 is 

the dissociation constant of the ND-NR peptide:∆LSBD641 complex, PT = 50 M, the total 

concentration of ∆LSBD641, L1T = 2 M, the total concentration of D-NR peptide , and L2T is 

the total concentration of ND-NR peptide. 
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Supplementary Tables 

 

Table S1. Comparison of the secondary structure content of the different human Hsp70 

variants used in this study derived from far-UV CD spectrum with that expected 

according to the crystal structure of homologues proteins. 
 

 

Predicted from crystal 

structure
a
 (%) 

Estimated from far-UV CD
b
 

(%) 

-helix  -sheet 
Random-

coil  
-helix -sheet 

Random-

coil 

SBD556 22.6 26.9 50.5 21 25 54 

SBD641 37.4 21.8 40.8 33 18 49 

ΔLSBD641 37.4 22.5 40.1 35 18 47 

C-term 64 0 36 60 7 33 

FL-Hsp70 39.8 22.1 38.1 45 23 32 

 

a
 NBD (PDB ID: 1HJO [S1]) and SBD (PDB ID: 1DKX [8]) 

b
 K2D software was used for spectra deconvolution [35,S2]. 
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Table S2. Assignment of charge state series for nESI MS measurements of protein 

constructs
a
.  

 

 a
 N

an
o

fl
o
w

 e
le

ct
ro

sp
ra

y
 m

as
s 

sp
ec

tr
a 

o
f 

th
e 

d
if

fe
re

n
t 

p
ro

te
in

 c
o
n
st

ru
ct

s:
 F

L
-H

sp
7
0
, 
S

B
D

6
4
1
, 
Δ

L
S

B
D

6
4
1
, 
S

B
D

5
5
6
 a

n
d
 C

-t
er

m
 

u
se

d
 i

n
 t

h
is

 s
tu

d
y
. 
S

h
o
w

n
 a

re
 t

h
e 

ch
ar

g
e 

st
at

es
 u

se
d
 f

o
r 

u
n
am

b
ig

u
o
u
s 

as
si

g
n
m

en
t 

an
d
 q

u
an

ti
fi

ca
ti

o
n
. 
C

o
lo

r 
co

d
in

g
 a

s 
in

 t
h
e 

m
a
in

 

te
x
t 

is
 u

se
d
: 

ch
ar

g
e 

st
at

es
 s

er
ie

s 
as

si
g
n
ed

 t
o
 t

h
e 

m
o
n
o
m

er
s 

ar
e 

sh
o

w
n
 i

n
 g

re
en

. 
D

im
er

s,
 3

m
er

s 
an

d
 4

m
er

s 
ar

e 
sh

o
w

n
 i

n
 r

ed
, 
b
lu

e 

an
d
 y

el
lo

w
, 
re

sp
ec

ti
v
el

y
 

 

 



 6 

Table S3. Thermodynamic parametersa of protein thermal denaturation obtained for the 

different Hsp70 truncated variants. 

 

 
1

st
 transition 2

nd
 transition 

∆Hm Tm ∆Hm Tm  

SBD556 63.9 ± 1.9 46.8 ± 0.1 85.4 ± 2.6 64.5 ± 0.1 

SBD641 49.4 ± 3.3 45.6 ± 0.4 53.3 ± 1.2 73.1 ± 0.1 

ΔLSBD641 45.6 ± 2.4 44.9 ± 0.3 61.0 ± 1.1 72.3 ± 0.1 

C-term 51.5 ± 1.5 49.9 ± 0.2 - - 

 

a
 ∆Hm is given in kcal.mol

-1
 and Tm in °C. 

The errors reported in the table represent the standard errors of the fits. 
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Table S4. Determination of the influence of dansyl fluorophore in the affinity of the NR 

peptide for Hsp70 
a
. 

 

Ratio 

∆LSBD641:ND-

NR 

Fraction of bound dansylated NR peptide 

Experimentally 

determined
 b
 

Theoretically estimated
 c
  

Kd_ND-NR (M) 

       4            8            12            16            24 

1:0 0.83        -             -              -              -               - 

1:1 0.62 ± 0.1     0.59       0.66          0.7          0.72          0.75 

1:4 0.35 ± 0.1     0.14       0.24         0.31         0.37          0.45 

 

a
 The influence of the dansyl moiety on the affinity of the NR peptide was determined by a competitive 

assay between dansylayed and non-dansylated NR peptide (D-NR, ND-NR, respectively). 
b
 See Supp. Materials and Methods.

 

c
 The theoretical fraction of D-NR peptide bound in presence of ND-NR peptide was determined 

according to a competitive model where the two ligands bind to the same protein binding site and 

assuming different affinities for the binding of the ND-NR peptide for the chaperone. The good 

agreement between the  experimental and the theoretical values assuming an affinity for the ND-NR 

peptide similar to the affinity found for the D-NR peptide (Kd ca. 8 M) demonstrates that dansylated 

and non-dansylated NR peptide have very similar (if not the same) affinities and further proves the use 

of dansyl fluorophore to assay the binding of substrates in Hsp70. 
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Table S5. Assignment of charge state series for nESI MS measurements of SBD641 in the 

presence of NR peptide
a
.  
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Table S6. Comparison between the theoretical and experimental masses obtained by MS 

for SBD641 incubated with NR peptide. 
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