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These SAXRD/SAXS measurements are part of a collaborative, interdisciplinary nonviral gene therapy 
project, and are a continuation of those carried out previously using ESRF beamtime (MX-1485 and MX-
1713). The results from these beamtime allocations are described in five peer-reviewed papers [1- 5]. The 
experiments are part of a wider study on lipid-DNA particles that includes the complementary techniques, 
laser-scanning confocal microscopy used to probe the interactions of cationic lipid DNA particles with cells, 
and by luciferase reporter-gene expression assays which will measure transfection efficiencies in mammalian 
cells.  
 
Gene therapy is the process of replacing a non-functional segment of DNA with functional DNA. Since free 
DNA cannot cross the cellular membrane on its own, a delivery agent or vector is required to facilitate this 
(transfection). There exist two general vector systems in use today: viral and nonviral. Transfection 
efficiency with nonviral vectors is still significantly low compared to gene delivery using viral vectors. 
However, patient deaths during clinical trials in the 1990s using viral vectors resulted in the resurgence of 
nonviral studies. Work (including results from proposals MX 1485) [1] focuses on the effect that lipid shape 
has on the super-molecular ordering of the lipid-DNA complex (lipoplex) phase (typically lamellar or 
inverted hexagonal), size, and ultimately transfection efficiency. Lipoplex phase and size matter in gene 
delivery. The next phase (proposal MX 1607) involves working towards the goal of establishing a universal 
structure-function relationship [4, 5] that defines effective nonviral delivery systems. This is important 
because testing novel structures is largely empirically driven. Rational vector design is necessary to the 
development of nonviral gene delivery strategies. Through correlations between the shape of lipid/DNA 
complexes (as determined by the SAXD analyses) and their associated in vitro transfection efficiencies, this 
proposal aims to advance further our previous work [1 - 5] towards the rational design of lipid vectors 
followed by systematic lipoplex formulation guided by an hypothesis-driven justification for the impact of 
lipid shape on lipoplex morphology. 
 
During the experiment we measured two series (8 + 12 = 20) of different lipoplex compounds as a function 
of temperature from 15 to 45 °C, in steps of 5 °C).  In total 140 different lipoplex samples were 



measured.  Including the measurements on the relevant buffers, around 300 samples were characterised 
during the experimental session.  Some classes of lipoplex samples showed indications of thermal induced 
phase transitions from lamellar (low temperature) to hexagonal packing (high temperature).  Furthermore, an 
interesting thermotropic effect was also discovered for one of the (hexagonal) samples.  The full analyses of 
these features are in progress [5]. 
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