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An example for complex binding: oxygen binding to hemoglobin





Definition of the degree of binding ν

ν for n binding sites (Adair equation)
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Expression degree of binding ν  for four sites
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ν4 =
bound ligand

macromolecule
= DP1 + 2DP2 + 3DP3 + 4DP4

D + DP1 + DP2 + DP3 + DP4

DP1 <-> D + P;    K1 = D·P / DP1;   DP1 = D·P / K1

DP2 <-> D + 2P;  K2 = D·P2 / DP2;  DP2 = D·P2 / K2 
DP3 <-> D + 3P;  K3 = D·P3 / DP3;  DP3 = D·P3 / K3

DP4 <-> D + 4P;  K4 = D·P4 / DP4;  DP4 = D·P4 / K4



(oxygen binding to hemoglobin)



Complex binding equilibria for protein-DNA interactions

Teif, V. B. & Rippe, K. Statistical-mechanical lattice models for protein-DNA binding in chromatin. J Phys Condens Matter 22, 414105 (2010).



Binding to n identical binding sites

binding to a single binding site

binding to n independent and
identical binding sites

strong cooperative binding to n identical binding sites

approximation for cooperative binding to
n identical binding sites, αH HiIl coefficient



Difference between microscopic and
macroscopic dissociation constant
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Cooperativity: the binding of multiple ligands
to a macromolecule is not independent
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independent binding
microscopic binding constant
kD = 10-9 (M)

macroscopic binding constants
K1 = 5·10-10 (M); K2 = 2·10-9 (M)

cooperative binding
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Logarithmic representation of a binding curve
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• Determine dissociation constants over at least three orders of a ligand concentration
• Chemical potential µ is proportional to the logarithm of the concentration.

independent binding
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macroscopic binding constants
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cooperative binding
microscopic binding constant
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macroscopic binding constants
K1 = 5·10-10 (M); K2 = 2·10-10 (M)



Binding to n identical binding sites

binding to a single binding site

binding to n independent and
identical binding sites

νn =
n⋅Pfree
kD+Pfree



Visualisation of binding data - Scatchard plot
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Y = θ (degree of binding)
L: free ligand



Scatchard plots

Scatchard plot is useful as a visualisation tool especially for displaying 
changes in n or Kd under different conditions or for identifying binding 
site heterogeneity of cooperativity (curved Scatchard plot)

Linearization is used to simplify analysis that would be more accurate 
using nonlinear regression programs. For example there are large 
variations in the error bars.



All or none binding (very high cooperativity)

divided by n

or

for n binding sites,
“all or none” binding

divide by D
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Binding to n identical binding sites

binding to a single binding site

binding to n independent and
identical binding sites

strong cooperative binding
to n identical binding sites with Kn = (kd)n

approximation for cooperative binding to
n identical binding sites, αH HiIl coefficient

νn =
n⋅Pfree
kD+Pfree

νn =
n⋅Pfree

αH

KαH +Pfree
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Hill coefficient and Hill plot

approximation for cooperative binding to
n identical binding sites, αH HiIl coefficient
Lfree is free ligand

The HiIl αH coefficient characterizes the degree of cooperativitiy. It varies from 
1 (non-cooperative vinding) to n (the total number of bound ligands)

αH > 1, the system shows positive cooperativity
αH = n, the cooperativity is infinite
αH = 1, the system is non-cooperative
αH < 1, the system shows negative cooperativity

The Hill coefficient and the ‘average’ Kd can be obtained from a Hill plot, which 
is based on the transformation of the above equation



Hill coefficient and Hill plot

αH HiIl coefficient
Lfree is free ligand
K average microscopic binding constan

rearrange the terms to get

which yields the Hill equation
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Visualisation of binding data - Hill plot
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Summary

• Players: DNA, proteins, solution

• Ways to look at the binding constant K:

• K = exp(-ΔG/RT) 

• K = rate_binding / rate_dissociation

• K = probability of binding

• Ways to visualize binding curves:

• Linear (Langmuir) plot: ν = f(Pfree)  

• Logarithmic plot: ν = f(Log(Pfree))

• Hill plot: Log(θ/(1- θ))/Log = f(Pfree), θ=ν/n 

• Scatchard plot: ν/Pfree = f(ν)

• Thermodynamic equilibrium: ∆G, KD and KB; ∆G = - R T ln(KD); KB=1/KD



















Binding of dioxygen to hemoglobin



The Monod-Wyman-Changeau (MWC)
model for cooperative binding
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• in the absence of ligand P the the T conformation is favored
• the ligand affinity to the R form is higher, i. e. the dissociation constant kR< kT.
• all subunits are present in the same confomation
• binding of each ligand changes the T<->R equilibrium towards the R-Form
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The Koshland-Nemethy-Filmer (KNF)
model for cooperative binding
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• Binding of ligand P induces a conformation change in the subunit to which it binds
  from the α into the β-conformation (“induced fit”).
• The bound ligand P facilitates the binding of P to a nearby subunit
  in the α-conformation (red), i. e. the dissociation constant k2 < k’2.
• subunits can adopt a mixture of α−β confomations.

α-conformation
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(induced by 
ligand binding)
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