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The interaction between amphiphiles and polyelectrolytes has been widely investigated in recent years due 

to their potential application in industry and medicine, with special focus on gene therapy. The binding of 

polyelectrolytes to oppositely charged amphiphiles is dominated by electrostatic interactions, but 

hydrophobic forces and the molecular nature also play an important role in forming the final nano-complex 

nanostructure.  

 

In this work we used direct-imaging cryogenic-temperature transmission electron microscopy (cryo-TEM) 

and small-angle x-ray scattering (SAXS) to study the nanostructure of complexes formed by bovine serum 

albumin (BSA) and the cationic amphiphiles 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP) and 

didodecyldimethylammonium bromide (DDAB). The cationic amphiphiles and the BSA molecules carry 

opposite charges, thus forming multilamellar structures, where the protein molecules are sandwiched 

between the amphiphiles bilayers, screening the electrostatic repulsion. When complexes of these 

amphiphiles and negatively charged polyelectrolytes such as sodium poly(acrylic acid) or poly(styrene 

sulfonate), which are model systems for gene delivery system, are introduced to the BSA, their 

nanostructure changes. The negatively charged BSA molecules compete with the polyelectrolytes on the 

positive charged of the amphiphiles, leading to disassociation of the original complexes. 

 

These findings suggest the relative strength of binding of the amphiphiles and the polyelectrolyte, and could 

explain why complexes of DNA and positively charged complexes (lipoplexes) are not stable in blood 

serum where BSA is abundant.  
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Figure 1. DDAB and BSA in 20mM HEPES, pH 7.4 at CR of 0.1 (a) and 1 (b). DDAB 

concentration is 10 mM. Bars correspond to 100 nm. 




