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Supplementary Methods 

Total Partition Function Calculation The total partition function of the WSME model1, 2 is 

calculated using the transfer-matrix formalism of Wako and Saitô1 as described below,  
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where 𝛽 = 1 𝑅𝑇⁄ , 𝑧(") = exp	(Δ𝑆"
56-7 𝑅⁄ ) and 𝑅 = 8.314	𝐽	𝑚𝑜𝑙.%𝐾.%. The stabilization free 

energy contribution (Δ𝐺0'12) arises from the interaction of residue i with k consecutive protein 

residues while Δ𝐺0'12
",(#) is the stabilization energy due the interactions of residue i with DNA. 

Both the stabilization terms (Δ𝐺0'12 and Δ𝐺0'12
",(#)) include contributions from van der Waals 

interactions modeled using a Gō-like criteria (uniform 5 Å distance cut-off to identify intra- and 

inter-molecular interactions), charge-charge interactions (between charged residues of protein 



and negatively charged phosphate group on DNA, in case of protein-DNA interactions) defined 

by the Debye-Hückel formulation and a solvation term proportional to the number of contacts.3, 4 

Δ𝐺0'12 = 𝐸89: + 𝐸;!<5 + Δ𝐺06!8 

A residue specific entropic term (Δ𝑆"
56-7) accounts for the cost of fixing a residue in native 

conformation. An excess entropic penalty of -6.1 J mol-1 K-1 per residue is also introduced to 

account for the larger degree of freedom associated with coiled residues5 (as identified using 

STRIDE6) and for glycine residues. An entropic penalty of 0 J mol-1 K-1 per residue is assumed 

for proline, owing to its limited flexibility.  

 

  



 

Figure S1 (A-B) Comparison of the electrostatic interaction energy between protein and DNA (kJ mol-1) 
using inter-molecular dielectric constants (𝜀!"#,%&'() of 29 and 74.3. The color gradient from blue to red 
represents increasing distances between protein and DNA and the gray line indicates the 1:1 correlation 
line. Note that with the increasing distance between protein and DNA, the electrostatic interaction 
energy becomes increasingly linear and comparable (circles in the yellow shaded region). (C-D) 
Comparing the thermal melting profiles of CytR and EnHD using 𝜀!"#,%&'(	of 29 (circles) and 74.3 
(triangles). The large differences in the electrostatic interaction energy close to the DNA are masked by 
the increasing contribution from the short-range contacts between protein and DNA. (E-F) The folding 
probability as a function of distance from DNA, at 310 K and 100 mM ionic strength condition, follows 
the same trend with very small differences in the predicted probabilities. (G-H) Comparison of the 
apparent melting temperatures (Tm) estimated using different inter-molecular dielectric constants. The 
color gradient is the same as in the panels A and B and the 1:1 correlation line is shown in gray. 

 



 

Figure S2 Comparison of folding probability as the function of distance from DNA at 310 K and 100 mM 
ionic strength conditions calculated using varying inter-molecular dielectric constants. The color coding 
is same across all the panels. 

 

 

  



 

Figure S3 Electrostatic potential mapped onto the surfaces of all nine proteins calculated by solving the 
non-linear Poisson-Boltzmann equation at 310 K, 100 mM ionic strength condition. Both the DNA-
binding face (left) and the opposite face (right; by rotating 180˚ along the vertical axes) are shown for 
each protein. Note the preferentially segregated negative surface potential (red) on the non-binding 
face of the proteins, and that is quite prominent for LacR, Brk and CENP-B.  



 

Figure S4 Electrostatic interaction energy as a function of ionic strength (11 mM to 2.5 M) at 310 K 
calculated using the Tanford-Kirkwood algorithm.7 Interactions between residues with sequence 
separation ≤ 4 are considered as local interactions. 

 



 

Figure S5 Thermal unfolding curves as a function of distance from DNA (as defined by the color scale in 
first panel) maintaining the native orientation and at 310 K, 100 mM ionic strength conditions. The 
vertical dashed line signals 310 K. 

 

 

 

 

 



 

Figure S6 Relative change in the thermal stability calculated as ∆Tm = Tm (X) - Tm (unbound) where Tm(X) is 
the thermal stability of protein at distance X from DNA maintaining the orientation of the bound 
conformation. 

  



 

Figure S7 Probability weighted reaction coordinate (<n>) as a function of distance from DNA calculated 
as a sum over the product of probability density (from the free energy profiles shown in Figure 2) and 
the corresponding reaction coordinate value (n). Higher the value the more folded is the protein. Clear 
folding transitions are observed for CytR (top left) and Brk (bottom left) that fold in the presence of 
DNA.   



 

Figure S8 Results of Monte-Carlo simulations on the simulated distance- and orientation-dependent free 
energy profiles. The left, middle and right columns represent the probability of finding a protein folded, 
distance from DNA and the fraction of native binding (NB) residues facing DNA. 

 

  



Protein Charged residues in the DNA 
binding face of the protein 

Fraction of 
charged 

residues in DNA 
binding face 

Charged residues in the 
opposite face of the 

protein 

Fraction of 
charged 

residues in 
opposite face 

CytR 

K13, R28, K35 
 
D14, D34 

33.3% 
 

50.0% 

K18, K20, R41, R43, K46, 
R49 
E45, E50 

 

66.7% 
 

50.0% 

PurR 

K5, R26 
 
D6 
 

28.6% 
 

25.0% 

K9, R10, K24, R33, K41 
 
E30, E31, E42 

 

71.4% 
 

75.0% 

LacR 

K2, R22 40% 
 

0% 

K33, R35, K37 
 
D8, E11, E36, E39, E44 
 

60% 
 

100% 

EnHD 

R5, R24, R31, K46, K50, R53, 
K55, K57, K58 
E28 

64.3% 
 

16.7% 

R15, K17, R18, R29, R30 
 

E11, E19, E22, E37, E42 
 

35.7% 
 

83.3% 

cMyb 
K144, R165, K171, R176, K182, 
R190, R191 
E151, D152, E168, D178 

58.3% 
 

57.1% 

K143, R153, K160, R161, 
K192 
E141, E149, E150 

41.7% 
 

42.9% 

hTRF1 

K379, R380, K405,R415, K421, 
R423, R425, K428, K429 
E387, D388, E400, D422 

64.3% 
 

80.0% 

K389, R392, R396, K397, 
K411 
E386 

 

35.7% 
 

20.0% 

Brk 

R45, R46, K53, R61, R71, R75,  
R81, R82, K86 

75.0% 
 

0% 

K67, K76, R95 
 
E58, D63, D65, E91 

 

25.0% 
 

100% 

CENP-B 

K4, R5, R6, K13, R27, K28, R33, 
K47 
E30 

61.5% 
 

14.3% 
 

R11, R15, R34, K49, R50 
 
E12, E19, E21, E22, D25, 
E56 

38.5% 
 

85.7% 

TC3 

R203, R230, K231, R234, R236, 
R240 
E211, E227 
 

66.7% 
 

40.0% 

R212, K219, K244 
 
D209, D216, D245 

33.3% 
 

60.0% 

 

Table S1 Distribution of charged residues in the proteins. The positively charged residues and the 
associated percentage distribution on the DNA binding face and the opposite face are shown in blue and 
those of negatively charged residues are shown in red. 

 



 

Protein PDB	 𝑵𝒓𝒆𝒔	
ξ (J mol-1) 
per native 

contact 

∆𝑺𝒄𝒐𝒏𝒇 (J mol-1 K-1) 
per residue 

∆𝑪𝒑𝒄𝒐𝒏𝒕 (J mol-1 K-1) 
per native contact 

CytR 2L8N# 47 -212.7 -33.1* -2.13 

PurR 1PRU# 47 -181.4 -28.9 -1.71 

LacR 1CJG 49 -159.3 -25.9 -1.60 

EnHD 2HOS 56 -92.9 -17.4 -0.67 

cMyb 1MSE 53 -90.0 -17.4 -0.67 

hTRF1 1W0T 52 -89.0 -17.4 -0.67 

Brk 2GLO 59 -90.5 -17.4 -0.67 

CENP-B 1BW6# 56 -104.9 -17.4 -0.67 

TC3 1TC3 51 -94.6 -17.4 -0.67 

 

Table S2 Details of proteins and the cxWSME model parameters employed in the current work. Native 
contacts are identified with a uniform heavy-atom distance cut-off of 5 Å. An excess entropic cost of -6.1 
J mol-1 K-1 per residue is assigned for both non-helical residues identified using STRIDE and glycine 
residues, while an entropic cost of 0 J mol-1 K-1 per residue is used to describe the rigidity of proline 
residues. Both intra- and inter-molecular electrostatic interactions are scaled using a uniform dielectric 
constant (ε) of 29.  

* As the protein is known to be disordered in the absence of DNA, structure independent but sequence 
dependent entropic cost is used (-39.2 and 0 J mol-1 K-1 per residue for glycine and proline residues, 
respectively and a uniform entropic cost of -33.1 J mol-1 K-1 per residues for all other residues). 

# DNA bound structures are not available and hence are modeled in PyMOL using the DNA-bound 
structures of structural homologues as template (i.e.) DNA-bound structure of CytR and PurR (CENP-B) 
are modeled using LacR (Brk). 

 

 

 

 

 



 

 

 5 Å from 
DNA 

10 Å from 
DNA 

15 Å from 
DNA 

20 Å from 
DNA 

25 Å from 
DNA Total 

CytR 5805 20363 22104 22104 22104 92480 

PurR 4871 17574 21897 22104 22104 88550 

LacR 4800 17932 21656 22104 22104 88596 

EnHD 1424 15616 21503 22104 22104 82751 

cMyb 228 9181 20250 22104 22104 73867 

hTRF1 1918 18522 22104 22104 22104 86752 

Brk 1547 15931 21854 22104 22104 83540 

CENP-B 1621 14210 21426 22104 22104 81465 

TC3 1760 17552 21786 22104 22104 85306 

 

Table S3 Total number of non-redundant orientations (without steric clashes with DNA) considered for 
each protein as the function of distance from DNA. Only few orientations are allowed at 5 Å from DNA 
due to steric clashes.    
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