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Results: Stable Membranes

Abstract
!

Nanopore sequencing is an emerging technology that can provide highly efficient
and cost effective DNA sequence analysis compared to conventional sequencing
methods. The protein-based nanopore is accommodated in a long-lasting polymer
membrane separating two electrolytic solutions, thereby allowing DNA to be
electrophoretically passed through the nanopore under an applied voltage. In order
to have a successful nanopore sequencer, it’s essential to obtain stability in both
the polymer membrane platform and the inserted protein pore. Upon insertion, the
protein pore can potentially adopt several conformational states, disrupting the
ability to act as a viable sensing device. Protein conformational shape and function
rely heavily on their host bilayer and its associated properties such as thickness,
curvature, and elastic moduli.
!

This study focuses on the polymer membrane platform and its hydrophobic
interactions with the protein nanopore, with the intent of quantitatively
understanding the energetics and forces exerted by the polymer on the inserted
protein. We utilize gramicidin A, a 15-amino acid long polypeptide, as a molecular
force probe to gain further insight into the forces exerted on the protein by the
polymer’s hydrophobic region. A lipid membrane control study is conducted to
verify gramicidin A insertion is viable, given all previous scientific data has used
gramicidin A to probe solely lipid membranes. Once the membrane forces and their
effects on the protein’s conformational states can be quantitatively understood, we
can tailor our polymer for the most stable, noise free protein pore insertion.
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Two polymer membranes
stable under an applied
voltage, as seen by a 5x
webcam. The rough,
textured regions are a
mixture of solvent
(chloroform) and polymer
(1.5% weight by volume).
(a) membrane formed
using a 50 micron aperture,
and (b) membrane formed
using a 100 micron
aperture.

Monitoring the Stability Electronically Using Capacitance
Modeling the membrane as a
parallel plate capacitor
allows capacitance
measurements to act as an
indicator of stability: as the
membrane thins out and
stabilizes, the membrane
thickness decreases, which is
read as a time-dependent
increase in capacitance.

Objectives

Gramicidin A
Hydrophobic mismatch

Short Term
• Form polymer membranes that are stable under an applied voltage
• Quantitatively understand the energetics and forces of our polymer
membrane using gramicidin A for a stable protein insertion

Protein is longer

Long Term
• Design a stable, long lasting polymer membrane platform to incorporate a
protein nanopore for fast, efficient DNA sequencing
Gramicidin A as a Molecular Force Probe!
!

Methods: Membrane Formation
The Setup

Protein is shorter

When the protein inserts there will be a
difference in the protein length compared to the
bilayer thickness. This alters the free energy
difference between protein conformations,
allowing several unfavorable protein
conformations.

• Gramicidin A, a polypeptide, has two discrete conformations after a trans-bilayer
association: a non channel form (two subunits) and a channel form (dimer)
!
• Measuring lifetime of channel form gives insight into forces exerted by polymer's
hydrophobic region. This disjoining force is proportional to the membrane properties
and the extent of the protein’s hydrophobic mismatch.
!
• The formation/disappearance of conducting gA channels observed as rectangular
current transitions when a potential difference is applied
!

Future of Research

50 µm aperture in middle

Short Term
Refine membrane formation methods and form stable membranes quickly
• Membranes are formed in the 50 micron teflon aperture that is vacuum
greased onto a teflon chamber.
• The chamber is placed in the faraday cage where membrane formation is
watched in real time.

Continue with gramicidin A study to optimize polymer/protein interactions and
understand the forces exerted by the polymer

Long Term:
Construct a nanopore array with low
noise sensing that would allow highthroughput DNA sequencing

!

Apply a Voltage to Form a Membrane

+

References & Acknowledgements
1. Andersen, O.S., Koeppe, R.E. Bilayer thickness and membrane protein function: an energetic
perspective. 2007,Annu. Rev. Biophys. Biomol. Struct. 36, 107–130.

• The teflon chamber is filled with 1mL of electrolytic KCl solution on both top and
bottom reservoirs.
• A positive and negative electrode is placed on both sides of the chamber in their
respective electrolyte-filled reservoirs
• A micropipette is used to deposit a polymer/solvent solution near the aperture
after applying a 180mV voltage.
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