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Membrane Proteins: Critical for 
Cellular Life

Cell membranes are an essential 
constituent of living organisms. Not only 
do cell membranes protect and organise 
cells, but they underpin a range of 
vital functions ensuring survival across 
species. For example, in humans, cell 
membranes in the brain are responsible 
for memory and consciousness, 
underscoring their importance to life 
itself. Given the critical role of cell 
membranes, it is unsurprising that 
research in this field is captivating to the 
scientific community and beyond, as 
evidenced by the history of Nobel prizes 
awarded to researchers elucidating the 
crucial and fascinating ways in which 
cell membranes work.

Research into the components of 
membranes, and the interactions 
between these components, provides 
critical insight into their structure 
and function. The two fundamental 
elements of cell membranes are 
proteins and lipids, which form a 
diverse and complex system connecting 
the membrane to the wider cell. 
Additionally, native lipid environments 

are vital in the maintenance of protein 
structure and function. 

Traditionally, detergents have been 
used in the extraction of membrane 
proteins and lipids. However, these 
can induce structural damage and 
alter functionality which may hinder 
meaningful research. Protein-lipid 
interactions are critical in many 
biological systems, including targeted 
drug delivery and the development 
of vaccines – key concerns in medical 
science. Effective study of these 
interactions is dependent upon the 
presence of membrane proteins. The 
destruction of cell membranes by 
detergents may result in the removal 
of protein-associated lipid molecules, 
thus methods that successfully 
solubilise cell membrane proteins 
whilst retaining the lipid components 
are needed. Extraction of membrane 
proteins into lipoprotein particles using 
membrane-active polymers offers a 
possible substitute for detergent-based 
procedures and is now emerging as 
an important, viable alternative in the 
study of membrane protein function 
and structure.

Revolutionising the Extraction of 
Membrane Proteins in Native Lipid 
Environments

Recently, Dr Youzhong Guo and his team 
at Virginia Commonwealth University’s 
Department of Medicinal Chemistry in 
Richmond, USA, have revolutionised 
the extraction of cell membrane 
components using detergent-free 
processes and developed a unique 
technique to produce native cell 
membrane nanoparticles (NCMN). 

In addition to the novel membrane co-
polymer system invented by Dr Guo, a 
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series of complementary linked libraries have been developed, 
comprising a comprehensive polymer library, a library of 
tailored preparation and extraction protocols, and a library of 
analysis protocols. This system has resulted in the production 
of detailed high-resolution structural models of various 
membrane proteins complex from bacteria, fungi, plants and 
animals and humans, contributing to the knowledge of protein-
lipid interactions and allowing the overall functionality of cell 
membranes to be elucidated. 

Discovery of a Structurally Preserved Lipid Bilayer

In order to accurately determine the structure of a membrane-
embedded multidrug exporter, and to investigate its 
mechanism of active transport, Dr Guo and colleagues 
employed their ground-breaking detergent-free extraction 
protocol to prepare proteins for biochemical analysis, resulting 
in the discovery of a distinct lipid bilayer within the exporter 
structure. 

Following extraction, the membrane proteins were purified 
and snap-frozen for analysis using electron microscopy. A 
3D reconstruction of the resulting images revealed that each 
structural unit exists in one of three states, namely, ready for 
binding (loose), substrate-bound (tight) or substrate-released 
(open). Further analysis revealed that the transmembrane 
region was surrounded by a disordered lipid belt, and the 
central cavity of the structure contained an organised lipid 
bilayer with a hexagonal pattern and triangular double-layered 

shape. The layers were comprised of an inner and outer leaflet 
with distinct molecular patterns; the inner leaflet contained 
tightly packed lipid molecules with straight tails, whereas those 
in the outer leaflet were more loosely packed with curvier tails. 
Furthermore, several specific protein-lipid interactions were 
identified within the central cavity, including via protrusions 
and bonds. 

It is recognised that, as proteins undergo conformational 
changes, lipid bilayers can adapt due to their fluid nature. 
Dr Guo proposed that the central lipid bilayer structure has 
an important role in the mechanism of action of multidrug 
exporters by acting as a mediator of these conformational 
changes and promoting drug extrusion via the transmembrane 
transporter, as well as providing structural support. The 
optimal environment for membrane proteins is most certainly 
within the native membrane, and the completely detergent-
free extraction method developed by Dr Guo does appear to 
facilitate the preservation of this environment, which confers 
several advantages over other methods.  

Characterisation of Membrane Protein Channels and 
Assembly of Nanodevices

A particularly challenging aspect of membrane protein research 
includes the characterisation and reconstitution of integral 
components such as channels and transporters, especially 
when protein-degrading detergents are used in the process 
of extraction. Regardless of whether the membrane protein 
structure is maintained, functionality is often compromised, 
and reconstitution of the proteins into proteoliposomes is 
required if functional characteristics are to be determined. 
Proteoliposomes mimic the cell membrane environment, 
which not only allows the study of membrane protein structure 
and function, but also analysis of the mechanisms of drug 
delivery devices. 

Using the previously described NCMN system, Dr Guo and 
colleagues studied a number of integrated membrane protein 
channels which aid in the rapid expulsion of molecules from 
within the cell. The researchers found that NCMN particles can 
be used to directly reconstitute the channels into liposomes, 
suggesting that this method may be a feasible option for the 
routine production of functional channel proteins for use in 
membrane research. 

Channels were constructed to optimise protein expression 
and function, transformed into cells of interest, and grown 
in culture, followed by induction of protein expression, 
further culture and cell harvesting. For the preparation of 
nanoparticles, the resulting cell membrane proteins were 
mixed with NCMN buffer and NCMN polymer to achieve a pre-
determined protein concentration. Following purification of the 
sample, analysis using electron microscopy and reconstitution 
into proteoliposomes was possible. 
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For electron microscopy image 
acquisition, an aliquot of sample was 
absorbed onto a copper grid, followed 
by a series of drying and washing 
steps. Images were captured and 
recorded using a camera attached 
to the microscope. Analysis of the 
images confirmed the high quality 
of the resulting nanoparticles. The 
reconstitution of proteins using NCMN 
polymers commenced with the drying 
of the lipid solution, followed by 
rehydration of the lipids in specific 
buffers or sucrose solution to form 
liposomes. NCMN protein particles were 
then added for reconstitution according 
to experimental requirements. The 
reconstitution of functional channels 
using rehydration with buffers was 
successful with some polymers, 
reinforcing the notion that NCMN 
particles are a viable option for the 
study of reconstituted membrane 
channels. Additionally, in contrast to 
detergent-based methods, channel 
particles remained stable when 
refrigerated and retained functional 
viability for several months. 

Next, Dr Guo and his team proceeded 
to determine whether modified 
reconstituted channels might be 
assembled into functional nanodevices 
which represent gated membrane-
embedded valves with the ability to 
deliver specific substances into cells 
residing in low-pH environments, such 
as within inflamed or malignant tissue. 
The simplified reconstitution protocol 
described above was utilised, with the 
addition of a fluorescent dye to the 
mixture. The fluorescent signal of the 
solution was monitored for 5 minutes, 
the pH was lowered, and the fluorescent 
signal monitored for a further 30 
minutes. The release of dye from the 
nanodevices was confirmed with an 
80% increase in fluorescent signal over 
the monitoring period, indicating that 
functionality was indeed preserved 
following assembly. This has the 
potential to significantly advance the 
development of bespoke drug delivery 
nanodevices.

A Comparison of Membrane Protein 
Extraction Systems

Recently, Dr Guo conducted a concise 
but thorough mini-review evaluating a 
selection of the available methods for 
the detergent-based and detergent-free 
extraction of membrane components. 
A comparison of the techniques 
with regard to the extent of protein 
and lipid survival and successful 
reconstruction was made. Interestingly, 
the most commonly used detergent-
free extraction methods did not fare 
better than detergent-based methods 
regarding the preservation of native cell 
membrane lipids, or when determining 
membrane structure. In contrast, the 
NCMN system developed by Dr Guo 
and his team demonstrated superior 
preservation of native cell membrane 
lipids associated with the membrane 
proteins and produced particles of 
sufficient quality to perform high-
resolution structural analysis. 

Building on Success: The Wider 
Context

Detergents have indisputably 
contributed to advances in the study 
of membrane proteins. However, 
the associated destruction of the 
lipid bilayer may have implications 
for both structural and functional 
analysis. Research by Dr Guo revealing 
the structure of the lipid bilayer 
within a multidrug exporter and its 
interaction with the surrounding 
environment has driven forward the 
understanding of mechanisms of 
transport across cell membranes, 

while the continual expansion of the 
NCMN polymer library has enabled 
many more new membrane proteins 
and complexes to be investigated and 
has permitted the unique properties of 
a wide variety of membrane proteins 
to be accommodated. Using the 
NCMN system in the reconstitution 
of proteoliposomes is a relatively 
straightforward process and applicable 
to a variety of integral membrane 
constituents, representing a powerful 
new tool in nanobiotechnology. 

Detergent-free extraction methods 
confer significant advantages over 
detergent-based methods in terms of 
maintaining stability during longer-term 
storage and retention of functionality 
upon reconstitution. Whilst the 
implementation of detergent-free 
protocols for extracting cell membrane 
proteins and lipids is still relatively 
recent, there is much potential 
surrounding the development and 
application of the methods employed. 

The research carried out by Dr Guo 
and his team is revolutionising the 
understanding of membrane protein 
biology and there is plenty more 
to come. Dr Guo has a plethora of 
manuscripts awaiting publication 
detailing the ongoing work of his team. 
This exciting area of biological research 
may be in its infancy but holds much 
promise for the future of cell membrane 
studies. Dr Guo and his laboratory will 
undoubtedly be at the forefront with 
their pioneering technologies and 
insights.
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