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Diffusion of integral cell membrane proteins in the lipid bilayer is critical for a 

variety of cellular functions and has been a subject of interest for many years. 

Extensive theoretical and experimental ideas have been developed to understand the 

transport properties in such systems. However, of late, there has been a rising interest 

in understanding the transport properties of non-compact macromolecules strongly 

adsorbed “on” and not incorporated “into” lipid bilayers in light of the relevance for 

designing improved DNA separation strategies, multivalent cellular effectors,
 
and for 

gene therapy. Lipid bilayers supported on flat solid substrates also offer model 

systems for studying the dynamics of polymers on responsive surfaces.  

To that end, we have developed an experimental protocol: i.e., lateral transport 

of a short, single stranded DNA oligonucleotide adsorbed on a supported cationic 

lipid bilayer. Fluorescence Recovery After Photobleaching (FRAP) analysis reveals 

that diffusivity of the adsorbed DNA quantitatively tracks that of the underlying lipid, 

even though the bilayer mobility changes by two orders of magnitude with changes in 

temperature.  

In contrast to this work that focused on the transport of DNA adsorbed on 

homogeneous lipid bilayers, we also investigated its diffusivity on heterogeneous 

lipid bilayers. These incorporate “raft-like” nano/micro-scale obstacles or “posts” in 

the lipid bilayer – specifically phase-separated lipid nanodomains. These surfaces 

were used to demonstrate the selective adsorption of DNA onto the domains or 

around the domains by the choice of the gel-phase lipid used. We also investigated the 

influence of membrane heterogeneity on the diffusivity of adsorbed DNA, by varying 

the concentration of the gel-phase lipid and found the diffusivity of DNA to drop by 

at least two orders of magnitude. Even in these heterogeneous bilayers, the diffusivity 

of adsorbed DNA was found to track the mobility of the underlying lipids over the 

entire range of mobilities measured, again confirming that lipid mobility dominates 

the mobility of the adsorbate.  

Next, we describe the use of homogeneous and heterogeneous liposomes as 

nano-scale supports for adsorbing catalytically active enzyme SoyBean Peroxidase. 

Upon adsorption, the enzyme was found to retain its secondary structure and also 

remained active. These liposome-SBP conjugates were then incubated with an organic 

solvent methanol and the stability of the enzyme under these harsh conditions was 

determined by measuring its activity as a function of time. We found the enzyme to be 

most stable when adsorbed onto nano-scale domains formed using a rapid quenching 



technique and the stability decreased as the size of the domains increases. By 

controlling the composition and structure of the underlying lipid bilayer, we were able 

to control the rate of deactivation of adsorbed enzymes, opening up possible industrial 

applications.  

Finally, a biotin-binding positively charged protein – Avidin, was adsorbed 

onto lipid bilayers containing a mixture of neutral, biotinylated and negatively 

charged lipids. After adsorption, its diffusivity was determined by FRAP and was 

found to track the mobility of the underlying lipids until the concentration of the 

negatively charged lipids reached a certain threshold value, beyond which the 

diffusivity drops off sharply and the adsorbed molecules become immobile. The 

reasons for this observed sharp drop in diffusivity are unclear at this stage, but this 

strong correlation between the diffusivity of adsorbed protein and the composition of 

the underlying bilayers opens up a possible method of controlling the mobility of 

adsorbate by controlling the strength of attraction between them.  

The results obtained so far will provide a comprehensive understanding about 

the study and control of adsorbed polymer mobility on phospholipid bilayers. 

 


