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Research Proposal Abstract/Présentation du sujet: 
 
Living cells are fascinating self-assembled structures with remarkable properties including 
morphogenesis, shape adaptability, division/replication, motility, and capability to manage complex 
metabolic pathways. Developing artificial systems (referred to as “synthetic cells”), which can 
reproduce, mimic or approach some of these characteristics is currently a highly desired scientific 
challenge, either to decipher the fundamental mechanisms underlying these functions or to develop 
smart materials combining life-like properties with user customizability. Moreover, identifying how 
cell-like organization could emerge from an inert mixture (referred to as “protocells”) is also an 
active research goal, especially with the objective to elucidate  possible scenarios for the origin of 
life. The first objective of this PhD project is to contribute to this double quest by developing and 
studying novel synthetic self-assembly processes that could lead to cell-like assemblies and 
behaviours.  
 
Structural DNA nanotechnology relies on the precise assembly of synthetic DNA strands into 
virtually any desired morphology, with exquisite resolution, high-yield and site-specific functionality. 
It is currently exploited in many fields of research, ranging from materials science, chemistry and 
physics to diagnostics, immunology and biomedicine. One typical method, called DNA origami, 
consists in the user-programmed folding of a circular DNA scaffold into any desired 2D or 3D shape 
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with a size of around 100 nm, while scaffold-free structures, such as DNA nanotubes, can reach 
much larger dimensions (10 to 100 µm). Programmable DNA self-assembly thus looks as a 
promising synthetic self-assembly path to build sophisticated cell-mimicking components, and in 
particular cytoskeleton mimics. However, all the methods for DNA self-assembly have been relying 
on thermal annealing, where the system has to be heated to a high temperature (~80 °C) prior to a 
slow cooling down taking hours to days. Once formed, these structures can be incorporated into 
synthetic cells, and this has already been explored, but their self-assembly is incompatible with usual 
physiological conditions (a fixed and mild temperature). Moreover the structures produced by 
thermal annealing are usually rather static and thus far from the highly dynamic nature of most 
cellular components. Current methods for DNA self-assembly are thus inadequate for in situ 
implementation with synthetic cell or protocell research, either because they require improper 
temperature conditions or because they lead to static structures. Our team has recently established a 
revolutionary method to realize programmable DNA self-assembly in isothermal conditions.[1-3] 
Based on using a simple salt buffer ensuring electrostatic stability and reconfigurability, this method 
allows us to produce at room (25 °C) or physiological temperature (37 °C) any desired 2D or 3D 
structures, including DNA origami[1] and DNA nanotubes.[2] We have shown that the resulting 
structures are highly dynamic and reconfigurable, with notably the capability to change their shape,[1] 
grow to cell-size dimensions[2,3] or produce dynamic networks resembling cytoskeletons.[2] For this 
PhD project, we will implement this isothermal DNA self-assembly process in the context of 
synthetic cell and protocell research for the first time, with a particular focus on the realization of 
dynamic DNA architectures self-assembling together with self-assembling, or already self-
assembled, membrane bricks (fatty acids, lipids) leading to cell models (protocells, synthetic cells). 
 
In a first part of the PhD, various DNA programs coding from the formation of DNA origami of 
various shapes and nanotubes of various dimensions will be mixed with fatty acids. We will then 
study for the first time the interplay emerging between fatty acid self-assembly into vesicles and 
isothermal DNA self-assembly into complex architectures. These two assembly pathways will be 
studied in a sequential manner (DNA self-assembly followed by fatty acid assembly, or the opposite) 
or in a concomitant way (all DNA and fatty acid bricks mixed together at once). We will study the 
emergence of protocells in this system, in the form of membrane structures enclosing DNA 
architectures, and establish the structural and dynamic links that exist between protocell morphology, 
membrane assembly, DNA networks, and DNA self-assembly. The second part of the PhD will 
involve giant liposomes, that it, giant unilamellar vesicles made by lipids. Here, the synthetic cells 
will be pre-assembled and we will study how the implementation of dynamic DNA self-assembly can 
lead to interesting properties, such as membrane deformation or dynamic pore formation. In the third 
part of the PhD, we will establish design rules to create DNA nanostructures controlling the 
morphology of protocells or synthetic cells, which would constitute a first step toward DNA-encoded 
synthetic cell morphogenesis. 
 
By combining the unique know-how of the team in isothermal self-assembly,[1-3] synthetic cell 
research[4] and DNA nanotechnology,[1-3] this PhD project aims at contributing to better 
understanding of self-organization, origin of life and cell morphogenesis while establishing novel 
methods for the design of smart synthetic materials with life-like properties. 
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