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I. 
INTRODUCTION 

 
 
 
 
 
 
 
Self-replicating molecules, or replicators, play a fundamental role in origins of life 
studies. 
In Chapter 2, experimental and computational evidence is provided that certain 
replicators are capable of growing exponentially. This is a very important 
breakthrough: exponentially growing replicators are particularly prone to survive 
during Darwinian evolution. Almost all replicators discovered up to the latest years 
were not capable of exponential growth. 
Primordial life likely resulted from repeated attempts of replication in a destructive 
environment. Such a replication/destruction scenario is at the core of Darwinian 
evolution. In Chapter 3, a replication/destruction system is studied experimentally 
and computationally. Based on these studies, it is now possible to set up an 
experimental system where the replicators are constantly broken down into 
building blocks, and where the latter replicate again. Computer simulations allow 
the determination of optimal energy coupling conditions for such systems. 
In Chapter 4, information exchange pathways in peptide fibres were studied. The 
experimental results show that the exchange of building blocks from one fibre to 
another one takes place at the extremities thereof, while building blocks in the fibre 
cores are hardly used in the replication of other fibres. These are therefore 
protected from replication and the information that they carry can hardly be 
exchanged, unless the fibres continuously break into smaller pieces. 
While in our experiments Darwinian evolution does not yet take place, we could 
observe significant processes for enabling Darwinian evolution in chemical 
replicators: exponential growth of fibres, destruction of replicators and selective 
exchange of building blocks.  
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implications allows us to gain greater insights not only into the biological evolution 
of simple chemical systems and ultimately into the origins of life, but prominently 
about how complex systems endowed with emergent properties behave and 
evolve, including, e.g., social or financial systems. Grasping evolution involves 
understanding what the structure of life itself is and building a theory of living 
systems, which implies more than the awareness of what the material building 
blocks of life as we know it are and how they can be synthesized individually. 
Two fundamental concepts at the core of evolution are replication and dynamic 
kinetic stability, namely the interplay between the tool that allows for identity to 
be propagated and altered and the concept behind preservation of identity under 
conditions of constant change, respectively. Chemical replicators are 
autocatalysts, i.e., species that catalyse their own formation from underlying 
constituent materials. They vary in their capability to promote the formation of 
copies of themselves – a characteristic that can be measured and expressed via the 
tools of chemical kinetics – and this affects their evolutionary capabilities: 
exponential replicators, for example, tend to be favoured in the competition race. 
Nonetheless, exponential replicators themselves cannot sustain their replication 
process indefinitely: in general, either stable species or kinetically trapped 
“frozen” products are formed. In order to promote continuous evolution, replicators 
have to be brought in conditions of destruction, i.e., of constant change, namely far-
from-equilibrium replication. The latter is the key towards sustained evolution and 
dynamic kinetic stability, as it involves survival of the species that can undergo 
constant replication notwithstanding the destructive processes. 
The field of systems chemistry, especially dynamic combinatorial chemistry, 
offers an excellent platform for these studies and is at the centre of this thesis, 
together with self-organization and self-assembly. 
An important role in aiding discoveries in these areas is played by computational 
modelling of both theoretical and experimental systems. 
Traditional origins of life research has been focusing on molecular building blocks, 
i.e., prebiotic chemistry research, or on components thought to be fundamental for 
life, e.g., the RNA world as well as compartmentalization and metabolism. These 
represent important ingredients of life, but they mostly ignore the involvement of 
far-from-equilibrium conditions. Propagation of information is a concept that is 
key to understanding evolution, as replication must maintain the chemical identity 
of the species in order to prevent diffusion and loss of information, and at the same 
time allow for mutation of information as the means to explore sequence space and 
to enable evolution. 
This thesis has a structure that follows the thread presented above. It presents 
experimental and computational results that deepen our understanding of 
chemical evolution. 
In particular, the first chapter explains and expands on the concepts mentioned 
above and serves as an introduction for the body of work that follows. The main 
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introductory Section 1.1 focuses on theoretical approaches to understand and study 
living systems. The experimental supramolecular replicator arising from self-
assembled peptide building blocks upon which the work in this thesis is based is 
introduced in Section 1.3.2. Computational modelling methods are briefly 
presented in Section 1.5. The remaining sections of Chapter 1 relate directly to the 
work that is described in the individual chapters 2-4. 
Chapter 2 presents results on exponential replication: we found experimentally 
and confirmed by computational means that supramolecular replicators based on 
self-assembled peptidic macrocyles follow an exponential growth law. This 
character makes them good candidates to win the evolutionary game. The 
introductory Section 1.2 explains how exponential replication is key to the 
understanding of evolution and illustrates that dynamic conditions such as those 
implied by the concept of dynamic kinetic stability are equally fundamental. 
Chapter 3 explores far-from-equilibrium replication and dynamic kinetic 
stability: we developed experimental conditions in which to operate the replicators 
under a regime of simultaneous replication and destruction. We also modelled 
computationally its kinetic states space in order to identify the parameters under 
which the efficiency of replicator recycling is maximized. Taken together, these far-
from-equilibrium conditions represent a platform for studies on competition and 
evolution of chemical replicators. Section 1.3 of the first chapter expands on the 
previous concepts by describing an experimental toolset that has revealed itself 
extremely versatile for the purpose of origins of life studies, namely supramolecular 
systems chemistry; particular attention is given to far-from-equilibrium conditions, 
which need to be applied to a replicating system in the quest for systems displaying 
high dynamic kinetic stability. Section 1.3.2 introduces the experimental system 
upon which much of the rest of this thesis is based. The introductory Section 2.1 of 
Chapter 2 describes this system in further detail. 
Chapter 4 focusses on information transmission during replication: we studied 
experimentally the pathway complexity of growth, breakage and destruction of the 
replicators and indirectly observed to which extent a macrocycle localized within a 
fibre is able to escape the latter and access the building block pool. The next 
introductory Section 1.4 of Chapter 1 explains the role of information transfer as the 
way living systems preserve and propagate their identity and puts this topic in its 
historical context as one of the fundamental concepts of origins of life studies, 
together with metabolism and compartmentalization. Prebiotic chemistry and the 
RNA world are also briefly touched upon. 
The fifth and final chapter summarizes the work and presents the future 
perspectives in the area. 
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