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Fig. 1. A model of the coarse-grained DNA polymer
through a nanopore. f; and f2 represent different
force field in the plate both sides. F represents the

driving force in the nanopore.
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Fig. 2. (color online) Five types of non-uniform force
field F' (the ideal condition).
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Fig. 3. (color online) Five types of non-uniform force
field F' (the real situation).
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Fig. 4. (color online) In the condition of linear increas-
ing type of non-uniform force field F», the relationship
between the position of the first monomer, the last

monomer and time.
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Fig. 5. (color online) In the condition of linear de-
creasing type of non-uniform force field F3, the rela-
tionship between the position of the first monomer,

the last monomer and time.
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Fig. 7. (color online) In the condition of inverted V-
shaped of non-uniform force field Fj, the relationship
between the position of the first monomer, the last

monomer and time.
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Fig. 6. (color online) In the condition of V type of
non-uniform force field Fy, the relationship between

the position of the first monomer, the last monomer

and time.
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Fig. 8. (color online) In the condition of periodic type
of non-uniform force field Fg, the relationship between
the position of the first monomer, the last monomer

and time.
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Abstract

Translocating pore of biomacromolecules is a common phenomenon in many biological processes, such as DNA
transcription, cell infection of virus and transmembrane of proteins. The understanding of translocating pore of DNA is
important for studying the DNA sequencing, gene therapy and virus infection. According to the coarse-grained model,
we use molecular dynamics simulations to investigate the process of translocating pore of DNA under the actions of
different non-uniform forces. In the present study, we consider five kinds of non-uniform forces, i.e., linearly increasing,
linearly decreasing, V-type, inverted V-shaped, and periodic type. In the simulations of coarse-grained DNA, we find
that the force on the pore opening palys a key role in the process of translocation of polymer. When the force is
small, the probability of successful translocation of DNA is low accordingly. In the case of inverted V-shaped potential,
the difference between the maximum and minimum force should be in a limited range to a probable translocation of
DNA. Out of the range it might lead to clogged pores in the polymer chain. In the action of a non-uniform force, the
translocating pore of DNA shows a series of complicated behaviors. For example, the end of a polymer can move faster
than its head, resulting in the hole clogging and accumulation of polymers. A reversion can occasionally occur after
a successful translocation of polymer. Therefore, non-uniform force leads to various scenarios of translocating pore of
polymers.

In summary, due to the complicated interactions between external forces and internal potential of polymer chains,
particles can be clogged in the pore since the following particles overtake the leading ones in the chain. It is also found
that the success of pore translation of DNA is significantly dependent on the acting force on the pore. Among all the
cases of translating the pore successfully, the translation time in the case of non-uniform force is about half that in the
case of uniform force. These results might provide an insight into the understanding of the complicated pore translating
mechanism of DNA.

Keywords: non-uniform force field, molecular dynamics simulation, DNA coarse-grained, clogged pores
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