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The method of calculation of DNA-protein binding maps and the NRL 

In this section we underline the basic steps of the mathematical procedure implemented in the 

main text to compute the dependence of the NRL on various thermodynamic parameters. The 

lattice model shown in Figure 1 can be solved mathematically either using dynamic 

programming or the transfer matrix formalism [1,2,3,4,5]. Here to calculate TF-DNA binding we 

used the dynamic programming approach, where the partition function Z for a linear DNA 

molecule of length N monomers can be calculated recurrently if partition functions for smaller 

lattices are known using the recurrent algorithm. As a result, one gets the partition function Z, 

which allows calculating the probability P(n, g, h1, h2) that a protein of type g is bound starting at 

site n, leaving on the left and right sides correspondingly h1 and h2 unbound contacts (see 

Figure 1) with respect to its canonical binding site length m(g). To account for the possibility of 

partial nucleosome unwrapping, the macroscopic binding constant K for the protein (or the 

histone octamer) whose first contact with DNA starts at position n is defined in the dependence 

of the number of formed bonds as a function of n, m(g), g, h1, h2: 
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where k is the microscopic binding constant for the protein-DNA bond at position i with respect 

to the start of the completely bound protein binding site. Nucleosome unwrapping was 

calculated in the main text assuming that each base pair contributes equally to the binding 

constant (the so called homogeneous unwrapping potential introduced previously [4]). In order 

to calculate the partition function of the system let us consider the genomic region of length N 

binding sites, with index n numbering the first bp covered by a protein of type g, and index s 

numbering the last bp covered by a protein of type g (s = n + m(g) - h1 - h2 - 1). Then the 

partition function Z for a DNA of length s can be calculated recurrently according to Eq. A2: 
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Here the first term is the Kornberg-Stryer term [6], while the last term account for inter-

nucleosome interactions on top of the excluded volume term. Equation A2 holds with the 

following boundary conditions: 
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where c0(g) is the concentration of free protein of type g (c0 is expressed in units M), w(j,g1,g2) is 

the interaction potential between proteins of types g1 and g2 separated by j lattice units. 

Parameter hmax is the maximum possible value of nucleosome unwrapping from the left end 

(hmax is measured in DNA bp). The macroscopic binding constant K* =  21,,, hhgnK  for the 

protein to the DNA whose first contact with DNA starts at position n, has the following boundary 

conditions: 
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A given configuration with DNA positions [n, s] covered by a bound protein of type g with 

unbound h1 and h2 bp from its left and right ends respectively, is described by the following 

partition function:  
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A detailed derivation of this expression as well as the history of this type of models was 

provided in our previous publication [1]. Equation A5 is based on the recurrent calculation of the 

partition function in the forward direction. Analogously, we can calculate the partial partition 

function backwards for the situation when the protein of type g with unwrapped h1 and h2 bp of 

the nucleosome covers region [n, s] on the DNA. This partial partition function is denoted as 

),,,( 21 hhgnZn


. Then the product of partial partition functions ),,,(),,,( 2121 hhgnZhhgnZ ns

   

gives the sum of all states of the system where the protein of type g with unwrapped h1 and h2 

bp covers region [n, s] on the DNA. This expression has to be divided by    21,,, hhgnKgco   

because the forward and reverse partition functions take into account our protein of interest 

twice [1]. Finally, in order to find the probability of a TF binding event to the DNA we have to 

divide this expression by the total partition function Zn of the system. Then the probability P that 

the protein of type g with unwrapped h1 and h2 bp starts at position n along the DNA is given by 

the following expression: 
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The probability that a specific DNA base pair is occupied by the protein of type g is given as 

follows: 

 

 
  

   








 


f

g

gm

h

hgm

h

n

hhgmni

hhgiPgnC
1

1

0

1

0 1)(

21

1

1

2 21

,,,),( . (A7) 

 

The total concentration of the protein of type g is a sum of its free and bound concentrations: 

 

 
 gmN

C
gnCgcgCtotal N

N

n 
 

1

0 ,)()( , (A8) 



5 
 

where CN is the concentration of DNA of length N bp. 

Equation A8 was used for the calculations of [Linker]/[NCP] relation on Figures 3-4. The 

nucleosome occupancy profiles were calculated with the help of the TFnuc software (will be 

made available online at http://generegulation.info). The NRL was determined from a linear fit of 

the detected peak positions versus the nucleosome number (see Figure 1D and E of the main 

text). Up to 4 peaks could be identified in this analysis. 
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