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Role of Dielectric Effects near the 
Polyanion
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Approximate Dielectric Model of a 
Hydrated Cation in the External field
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Polarization Deficiency of the Ion 
Hydration Shell in the External Field

Slide4



Implicit Solvent Model of Hydrated 
Ions – the Primitive Polarization 

Model (PPM)
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Implicit Solvent Model of Hydrated Ions
– the Primitive Polarization Model (PPM)
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Implicit-Solvent Calculations of Ionic 
Distributions and Free Energy
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Ion PMF Ion Model

mean field point-like ions

mean field + interionic
correlations + finite ion 
size 

primitive model
(PM)

mean field + interionic
correlations + finite ion 
size + ion hydration 
shell polarization

PPM

Calculations

Poisson-Boltzmann (PB)

modified PB (MPB) HNC MC

ε−MPB



ε-MPB Equations
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ε-MPB Equations
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ε-MPB Equations
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fluctuation potential
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Centers of the Fluctuation 
Potential Calculations
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PM Ions: Comparisons between
MPB and MC Results
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ε−MPB Distribution of Na+ around 
B-DNA, cNaCl = 0.5 M
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A – ln gPB
Na(r)

B – (ln gε−MPB
Na (r)–ln gPB
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ε−MPB Distribution of Ca2+ around 
B-DNA, cCaCl2 = 0.167 M
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A – ln gPB
Ca(r)

B – ln gε−MPB
Ca (r)



Mean 
Permittivity 
ε(r) around 
B-DNA
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A – 0.167 M CaCl2

B – 0.5 M NaCl

εDNA = 2



ε−MPB Calculations for B-DNA in 
60 mM NaCl + 10 mM MgCl2
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A   – 60 mM NaCl +
10 mM MgCl2

B   – 90 mM NaCl

ε(r)



ε−MPB Calculations for B-DNA in 
60 mM NaCl + 10 mM MgCl2
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ε−MPB Calculations for B-DNA in 
60 mM NaCl + 10 mM MgCl2
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DNA-DNA Interaction,
0.167 M of CaCl2
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A  – ε(r)

B  – ln gε−MPB
Ca (r)



DNA-DNA Interaction Energy, 
0.167 M CaCl2
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DNA-DNA Interaction Energy,
0.5 M NaCl
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DNA Osmotic Pressure in the 
Hexagonal Lattice (NaCl)
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DNA Osmotic Pressure in the 
Hexagonal Lattice (CaCl2)
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Ion-Specific Partial Reduction of 
DNA Charges
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Mediating Role of Alkaline Earth 
Metal Ions in DNA Electrostatics

Slide26



Conclusions
The PPM of hydrated ions can be applied to the 
MPB equations

The resulting ε-MPB equations predict high 
affinity of ions Ca2+ and Mg2+ to [PO2]- groups of 
DNA

The ε-MPB calculations predict repulsion of two 
DNAs in CaCl2 or MgCl2 solution

The ε-MPB calculations allow evaluation of ΔGel

for large macromolecular systems
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