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Nanoparticle-induced local membrane potential enhancement to form nanoscale pore
in cell membrane

Nakamura, Hideya
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We have found that even by a weak electric field, charged nanoparticles

(NPs) can translocate across the cell membrane via non-disruptive pathway due to local enhancement
of the membrane potential by adhesion of charged NPs. In this study, we hypothesized that this local
enhancement of the membrane potential can facilitate the translocation of an extracellular
substance across a cell membrane. We investigated our hypothesis by experiments using an artificial
cell membrane system. A phospholipid bilayer, which is a main component of biological cell membrane,
was prepared by a droplet contact method. As a result, translocation of model delivery substance
(dextran) was confirmed by using a weak external electric field, which was lower than the membrane
breakdown potential, with char?ed nanoparticles. Consequently, it was suggested that by combining
the weak external electric field with charged nanoparticles the cell membrane permeability can be

enhanced.



(Shimizu, Nakamura et al., Nanoscale, 2016)
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Fig. 1. Developed experimentai set-up. (@) Schematic of dropiet contact method.
(b) Multi- well device and multi-channel electrode used in this study. (c) Applied

voltage and measured current when bilayer was formed.
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Fig. 2 Measured current as
function of applied voltage.
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Fig. 6. Typical contour maps of the calculated overall membrane potential along the
membrane surface: (A) without external electric field and without NP; (B) under external
electric field without NP; (C, D) under external electric field with NP adhesion on
the membrane surface. A ¢\ is the enhanced membrane potential arising from the NP
adhesion.
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