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Scope of the thesis



SCOPE OF THE THESIS

Over the past decades there has been an increasing interest in the construction of a synthetic 

minimal cell from lifeless, individual components. Only once we can faithfully construct a 

synthetic cell that is capable of reproducing, we will be able to understand the molecular 

basis of life and how the individual processes together are able to form a living entity. A key 

aspect of cellular reproduction is expansion of its surrounding boundary layer. This thesis 

focuses on the in vitro generation of such a growing surrounding layer: a phospholipid 

membrane, that not only functions as a barrier, but also has the ability to act as a matrix 

that supports other membrane related processes (e.g. membrane protein activity).

  

Chapter 1 provides a general introduction into the self-reproduction of synthetic cells/

compartments, thereby mainly focusing on the latest developments with respect to 

membrane growth and division. Although self-reproduction based on a variety of boundary 

layer building blocks is described, mainly phospholipid-based compartmentalization is 

discussed. Growth of such compartments is driven by phospholipid biosynthesis, based on 

the synthesis route in the model organism Escherichia coli that has been studied in great 

detail. Current developments in synthetic compartment division are also mainly based on 

E. coli cell division, but, as this is a challenging task, alternative mechanisms derived from 

archaea are discussed as well. 

  

Chapter 2 forms the fundament of this thesis as it describes the engineering of a growing 

synthetic compartment based on a newly designed and developed phospholipid biosynthesis 

pathway, employing purified (membrane) proteins. This pathway supports the quantitative 

production of the phospholipid species PE and PG starting from simple building blocks. The 

construction of the in vitro phospholipid biosynthesis pathway is discussed, and includes 

a detailed description of its versatility, efficiency, and further possibilities to tune its 

membrane composition.

  

Chapter 3 continues on the work described in chapter 2, and adds cardiolipin as one of the 

products of the developed in vitro phospholipid biosynthesis pathway, further diversifying 

the pathway. Multiple cardiolipin synthesizing enzymes are characterized. They turn out 

to belong to a class of enzymes that are highly promiscuous, which make these enzymes 

interesting targets for the simple integration of other phospholipid species in a synthetic 

minimal cell.

  

Chapter 4 describes the specific anionic lipid-dependent activity of the Sec-translocase, 

responsible for protein secretion in bacterial cells, which serves as example of a membrane 

protein complex that can be functionally integrated in a synthetic minimal cell. The 
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dependence of the translocation activity on the anionic phospholipid concentration revealed 

two critical lipid-dependent steps that could be faithfully reconstituted in a growing 

membrane system. Since this chapter covers the coupling of protein translocation with 

membrane growth, it provides a first step toward a functional synthetic minimal cellular 

compartment.  

  

Chapter 5 summarizes the major achievements with regard to membrane expansion of 

synthetic compartments, after which a perspective is provided on how to progress the 

field. This chapter mainly focusses on the development/design of a continuously expanding 

system and discusses the requirements for its success with an outlook to the future.

  

Chapter 6 summarizes all the topics described in the above chapters.
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