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An artist’s rendition of a carbon nanotube porin embedded in a cell membrane
with a single strand of DNA passing through it. Credit: Adam Gardner

Proteins in lipid membranes are one of the fundamental building blocks
of biological functionality. Lawrence Livermore researchers have
figured out how to mimic their role using carbon nanotube porins.

Using high-speed, atomic force microscopy (HS-AFM), the team
showed that a new type of biomimetic channel—carbon nanotube porins
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(CNTPs)—also is laterally mobile in supported lipid membranes,
mirroring biological protein behavior.

The research opens the door to use CNTPs as models to study membrane
protein physics, as well as versatile and mobile components for artificial
cells and hybrid systems that combine biological cells and man-made
components.

Lipid membranes represent one the fundamental components of the
architecture of life because they provide a versatile matrix for a variety
of membrane proteins that can perform a variety of tasks including
molecular recognition and signal transduction, metabolite transport and
membrane remodeling.

The 2-D fluid nature of the lipid membrane not only allows it to adapt to
a variety of shapes, but also permits membrane proteins to diffuse within
this 2-D plane, enabling many important biological processes.

"To understand the fundamental physics of protein motion in the lipid
membrane, we needed an approach that would combine simple and
robust membrane protein models with imaging and tracking approaches
that can follow membrane motion on the relevant length and time
scales," said Yuliang Zhang, an LLNL postdoctoral researcher and lead
author of a paper in the journal, Philosophical Transactions of the Royal
Society B .

The team created simple and versatile artificial membrane pore
equivalents—CNTPs —that are made of short segments of single-wall
carbon nanotubes that can self-insert into the lipid membrane and form a
transmembrane pore. These very simple objects show a wealth of
behaviors similar to membrane protein pores: they can transport water,
ions and protons across the membrane.
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"We found that the CNTPS were able to reproduce another key property
of membrane proteins—their ability to diffuse in the lipid membrane,"
said Alex Noy, LLNL scientist and the principal investigator on the
CNTP project. "High-speed AFM imaging can capture real-time
dynamics of CNTP motion in the supported lipid bi-layer membrane."

Zhang said the study demonstrates that the similarities between CNTPs
and biological membrane pores include not only similar transport
properties, but also the ability to move laterally in the membrane.

Other LLNL researchers include Ramya Tunuguntla and Pyung-On
Choi. The research appears in the June 20 edition of Philosophical
Transactions of the Royal Society B .

  More information: Yuliang Zhang et al. Real-time dynamics of
carbon nanotube porins in supported lipid membranes visualized by high-
speed atomic force microscopy, Philosophical Transactions of the Royal
Society B: Biological Sciences (2017). DOI: 10.1098/rstb.2016.0226
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