
Effect of lipid composition on the efficiency of fusogenic DNA nanostructures 

Miguel Paez-Perez1, I Alasdair Russell2, Pietro Cicuta,3 Lorenzo Di Michele1* 

 1Chemistry Dept. Imperial College London, UK; 2CRUK Cambridge, UK; 3Cavendish 
Laboratory Cambridge, UK 

Membrane fusion is one ubiquitous phenomenon linked to many biological processes such 
as vesicular transport, cell division, or lipid transfer between cellular membranes. Such 
processes are tightly regulated, and often necessitate of specialized proteins to overcome 
the large energetic cost needed to disrupt the lipid bilayers and commence the fusion 
process. Over the past years, synthetic DNA nanostructures have been developed, which 
mimic the activity of fusogenic proteins and enable the implementation of rationally-designed 
fusion pathways. However, the influence of lipid composition on DNA-mediated membrane 
fusion has received limited attention, with most studies relying on highly fusogenic 
compositions which do not faithfully represent the lipid content of cellular membranes.1,2 
Here, we systematically investigate the effect of membrane composition on the fusogenic 
ability of DNA nanostructures (Fig. 1a), as well as the on the morphological and biophysical 
properties of the fusion products. 

We determine that fusogenicity strongly correlates with the presence of conical PE lipids, 
(Fig. 1b) which we ascribe to their ability to stabilise non-bilayer phases in the de-hydration 
conditions induced by the DNA constructs.3 These findings could guide the development of 
next generation fusogenic nanostructures with improved performance. Secondly, we 
observed that DNA-mediated fusion of liposomes with different compositions, e.g. rich in 
saturated and un-saturated lipids, leads to the emergence of complex lipid architectures, 
such as nested or dumbbell morphologies (Fig. 1c), which was accompanied by alterations in 
the membrane’s biophysical behaviour (Fig. 1d).3 These results highlight the potential of 
fusogenic DNA nanodevices as a means of programmably reshaping lipid assemblies and 
direct the behaviour of compartmentalised systems, a key requirement in the development of 
synthetic artificial cells. 

 

Fig. 1.  (a) DNA zippers bring together opposing membranes allowing for spontaneous membrane 
fusion to take place. (b) Such membrane remodelling requires the presence of conical lipids (χ: %PE 
lipids compared to lamellar PC ones). (c) The fusion of highly ordered DPPC/DOPE/Chol membranes 
(left) with DOPC/DOPE/Chol liposomes leads to membrane remodelling. Scalebar: 30μm. (d) The 
addition of “softening” or “hardening” fusogenic vesicles is reflected by alterations in membrane 
fluidity, as reported by Laurdan. 
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