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Summary 

 

In the quest to the origin of life, self-replicating molecules most likely have played an 

important role in the transition from inanimate to animate matter, that eventually resulted in 

the emergence of the first living entities. The construction of increasingly complex chemical 

systems showing emergent functions is therefore relevant to provide an example of the 

diversification of matter. Dynamic Combinatorial Chemistry represents a promising tool to 

achieve this goal, since the formation of reversible covalent bonds gives access to a 

combinatorial set of products, which exchange components with each other until some 

emergent property (like self-replication) makes one of them the only product of the “library”. 

In Chapter 1 we described the main features of living systems (or at least, those properties 

scientists agree upon: self-replication, metabolism and compartmentalization) and reported 

examples of the experimental approaches towards the construction of increasingly complex 

chemical systems bearing some of those functions. Though the published systems are 

remarkably complex, to date there are no reports of a fully synthetic system bearing the three 

essential components to be defined as living. The potential of Dynamic Combinatorial 

Chemistry as a promising tool for the development of such systems was highlighted and 

examples reporting the emergence of self-replicators from dynamic combinatorial libraries was 

shown. Nearly all reported self-replicators are obtained as dimeric species that subsequently 

dissociate to template the formation of more of the self-replicator. The dissociation of the 

dimeric species is, however, not efficient enough to obtain exponential formation of self-

replicators. 

We also reported some examples of supramolecular polymers showing emerging functions, 

highlighting the importance of self-assembly in the development of increasingly complex 

systems that have relevant biomedical applications.  

Our group recently discovered the formation of self-replicators from dynamic combinatorial 

libraries composed of thiol-functionalised, peptide-based building blocks. Among the different 

library members, hexameric or octameric macrocycles will undergo exponential self-

replication: these assemble in fibers due to stacking through peptide-peptide interactions. The 

fibers can be mechanically broken by stirring or shaking, to form more catalytic sites that will 



 

 

106 Summary 

template the formation of more of the self-replicating macrocycles. This mechanism 

overcomes the self-inhibition problems of the dimeric templates that have been published so 

far. The peptide building blocks have been employed in this thesis to explore the behavior of 

the replicators in different environments and under far-from-equilibrium conditions. 

In Chapter 2 we reported on the emergence of a new class of self-replicators arising from 

building blocks that normally assemble to self-replicate in octameric macrocycles. We 

reasoned that the addition of a fluorinated cosolvent would favor the interactions within the 

peptide chains and therefore stabilize hexameric macrocycles that would eventually self-

replicate. The addition of TFE (2,2,2-trifluoroethanol) between 13 and 17 v/v% (depending on 

the hydrophilicity of the building block considered) resulted in the emergence of hexamers 

that proved to be self-replicating. Circular dichroism analysis showed β-sheet secondary 

structure of the peptide chains, and TEM imaging demonstrated the formation of fibers. 

Therefore, with an external stimulus consisting in a change of environment, we were able to 

control the structure of different self-replicators built from a common building block. 

Cross-seeding experiments showed that the two different replicators can promote the 

formation of each other, i.e. they can be considered mutants of the same replicator set. This 

led to further investigation of the system in far-from-equilibrium conditions in Chapter 3, in 

order to observe emergent functions. We made use of continuous-flow setups to inflow 

mixtures of 1mer, 3mer and 4mer combined with simultaneous outflow to keep the sample 

volume constant. In the first series of experiments we allowed the two replicators mutants to 

compete for common resources in a specific environment. Over time, we observed that the 

favored mutant was able to sustain itself in the flow regime and increase its population at the 

expenses of the unfavored species, which decreased in concentration. As we previously 

observed that replicator emergence was affected by the environment, we set out to apply a 

continuous change in the solvent composition to the sample. We subjected either the hexamer 

or the octamer to flow in their unfavored environments, and observed that the replicator was 

not able to maintain its population in the flow regime, to the point of being barely detectable 

by UPLC. We observed the simultaneous increase in the concentration of the favored 

replicator, which amounts to adaptation of the replicator to the changing environment. This 

conclusion was supported by comparing the kinetics of emergence of self-replicators in flow 

conditions without any cross-seeding event: we observed those kinetics are slower compared 

to experiments where the non-favored replicator is present and can cross-seed the formation 

of the other. 
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In order to avoid spontaneous emergence of replicators and build a platform for the 

complexification and diversification of the species, research in Chapter 4 was focused on the 

development of mixed-building block dynamic combinatorial libraries. We prepared libraries 

of peptide building blocks 1a containing different amounts of 3,5-dithiobenzoic acid 2, that is 

known to assemble in non-replicating trimeric and tetrameric species. We reported that the 

emergence of peptide replicator 1a6 was inhibited in libraries containing more than 20% 3,5-

dithiobenzoic acid. We performed seeding experiments in those conditions to test whether 

replication would still take place. Since replication was observed, we subsequently performed 

continuous-flow experiments to observe the sustainment of replicator when its emergence is 

inhibited. The outcome showed that replicator 1a6 was not able to sustain its own population 

over the flow regime. Further investigations need to be carried out to find the best 

experimental conditions. 

In Chapter 5 we reported an efficient methodology to make self-replicating supramolecular 

polymers with narrow polydispersity values through a nucleation-elongation mechanism. The 

production of short seeds using a Couette cell was key to exert such control over the 

elongation mechanism. We also produced even shorter seeds by reducing them using 

dithiothreitol (DTT) without affecting the polydispersity index (PDI) values. The elongation of 

such seeds was successfully achieved with different amounts of “food” (a mixture of 1mers, 

3mers and 4mers), and in all the experiments we were retaining excellent PDIs. Furthermore, 

four cycles of living supramolecular polymerization were performed, with a good overall 

control over the length of the resulting assemblies. Making use of the fact that the fibers grow 

from their ends, we achieved the formation of block copolymers by employing a second 

peptide building block. We were able to prove the formation of B-A-B block copolymers 

through reduction experiments, allowing us to access kinetically controlled supramolecular 

polymers with instructable sequences. 


