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DNA in nanopores. Electrostatic effectsfor ion diffusion process
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Abstract: We present our molecular dynamics studies of translocation of DNA through nano-size
pores which emulate cellular membrane pores [PRL 94,148103, 2005]. Due to low dielectric constant
of the membrane (¢=2) compared to water (¢=80), electrostatic energy of charges in the pore are
intensified, thus cations and anions always make pairsin the pore. A single-stranded DNA, whichisa
negatively charged polymer, is neutralized by counterions, and takes a stretched configuration due to
electrostatic effects. Coions are almost depleted from the pore. The diffusion time of coions is
reduced when the DNA exists in the pore, which is consistent with the experiment at Harvard Univ.
that observed reduction of the pore current when the pore is stuffed with single-stranded DNA.
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e !,-.ﬁ. -l |.-i-|w.|.r'u- Fig.1 Time history of the number
N+ #mlh-' \ | of counterions (K*), coions (CI")
and the net charge in the
e nanopore for (a) the empty pore
M. ﬁ 'f J 1 and (b) DNA-stuffed pore. The
ol dielectric constant of the
membrane is 2, and that of the

’MW WM bulk solution is 80.
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Fig.3 The electrostatic potential on the
midplane. The top and bottom compart-

Fig.2 Snapshots of DNA (only charged ments are on the left and right region of
phosphate group, yellow spheres, are the figure, respectively; the pore axis
plotted), counterions (green) and coions runs sideways at the central region.

(red) for (a) en=2 and (b) £,=80 cases.
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