
Abstract

Polymer encased nanodiscs are the latest and most promising 
method of isolating and stabilizing membrane proteins (MPs). 
Using the styrene-maleic acid copolymers (SMA), MPs can be 
isolated without dissociation from their native membrane. This 
would theoretically mean that the MP retains its structural 
integrity and function in its isolation. The use of SMA is however 
limited in its inability to function properly at low pH values and 
certain polycation concentrations. Addition of zwitterionic 
phosphatidylcholine (PC) groups in the place of the carboxyl acid 
ends of the SMA copolymer, created the more stable zwitterionic 
styrene-maleic anhydride copolymers (zSMA) that showed 
sufficient operation at a wide range of pH values and polycationic 
concentrations. The goal of this project is to characterize the 
nanodiscs created by this polymer. Using a polymer with a 2:1 
ratio of Styrene: Maleic acid, we determine approximate 
molecular weight and size distribution of the nanodiscs with a 
variety of dynamic light scattering methods. In addition, 
fluorescently labeled polymers and lipids were used to determine 
the ratio of polymer to lipid that exists in individual nanodiscs.

Method

The polymer used in this study is the rz2S1MA polymer, which is 
created through RAFT polymerization at ratio of 2 styrene to 1 
maleic acid. Two types of nanodiscs were used in the 
measurements; one with a fluorescently labeled polymer and the 
other with fluorescently labeled lipid. The fluorescence intensity 
was then collected for the individual labeled lipid and polymer at 
a series of concentrations to create a calibration curves based on 
intensity and concentration. The nanodiscs were then created 
using standard protocol using the DMPC lipid (at a Polymer to 
lipid ratio of 1:1) and Tris-Cl buffer (50mM Tris-Cl and 150mM 
NaCl). The molecular weight and size of the nanodiscs were 
determined using a variety of light scattering methods. Polymer to 
lipid ratios of individual nanodiscs were determined by 
fluorescently labeling the polymer and lipids and comparisons to 
the previously made calibration curves.

Introduction

The study of membrane proteins (MP) is a very important field in 
biomedical research. As “gatekeepers” to the cell, MPs are a crucial 
part of the essential mechanisms of the cell, they are the target 
for many pharmaceuticals, and their coding makes up 20-30% of our 
genome. Mutations and insufficient operation of these proteins have 
been linked to diseases such as cystic fibrosis, cerebrovascular 
accidents, deafness, cardiac infarct, and neurodegenerative diseases. 
Despite their importance, our understanding of these proteins remains 
limited compared to more soluble proteins.
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Conclusion

This research is still on going. We expect to determine the 
size, molecular weight and composition of nanodiscs created 
by the Zwitterionic Styrene Maleic Anhydride derivative 
copolymer (zSMA). 

In future studies, we expect to see more stable nanodiscs that 
limit interference with target membrane proteins and show 
near physiological activity of the membrane protein

Figure 2: Alterations made to improve the SMA polymer.
Zwitterionic phosphatidylcholine (PC) groups were added in place of 
the carboxyl acid moieties of the SMA polymer, which created the 
new zwitterionic styrene-maleic anhydride copolymers (zSMA).

Figure 1:  A) Structure of an empty nanodisc. B) Structure 
of a nanodisc with an embedded protein 
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