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Understanding of direct permeation of a nanoparticle across the cell membrane
under an external electric field and its control
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Nanoparticles $NPS) have been attracting much attention for biomedical and
pharmaceutical applications. In most of the applications, NPs are required to translocate across the
cell membrane and to reach the cell cytosol. Understanding of the mechanism underlying the direct

permeation of NPs under an external electric field can greatly contribute to the realization of a
technology for the direct delivery of NPs. Here we investigated the permeation of a cationic gold NP
across a phospholipid bilayer under an external electric field using a coarse-grained molecular
dynamics simulation. When a specific range of the electric field that is lower than the membrane
breakdown intensity was applied, a unique permeation pathway was exhibited: the generated
transmembrane pore immediately resealed after the direct permeation of NP. Our finding suggests that
by applying an electric field in a suitable range NPs can be directly delivered into the cell with

less cellular damage.
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Fig. 1. (a) Schematic and initial configuration of
each simulation system. (b) Individual
molecules and NP used in this study.
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Fig. 2. Schematic diagram of planar lipid
membrane system. (a) Over view of
system and (b) Chamber.
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Fig. 3. Snapshots of NP permeation under (a) V* = 1.0
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