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Origin of Enzymes: Function and Structure of Hyperbranched Polymers
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For 70 years the origin of life field has been focused on the synthesis of biological molecules. The
synthesis of biomolecules does not lead to_the formation of life. It is important to look into
dynamic processes of functional systems. This project successfully explored one such system.

1) Branched polyesters undergo chemical evolution under wet-dry cycles to
form soluble hyperbranched structures. Cross-linked structures form without wet-dry cycling. 2)

Hyperbranched polyesters are capable of supporting nanoparticles and form biomimetic enzyme-like
catalysts. The systems has been tested for ZnS nanocrystals relevant to Zn World origin of life
scenario. 3) Utilizing ester amide exchange reaction, we have shown that hyperbranched polyesters
provide a template for non-random incorporation of amino acids into a depsipeptides suggesting the
possible pathway to functional peptides in prebiotic chemistry. 4) Polyesters serve as membraneless
compartments capable of encapsulating functional RNA.6) A new insight into origins of life: it would
have been more efficient for species to form prior to the origin of life
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Life, as we know it today, is described by a complex biochemical reaction network performing
a large number of functions. Prebiotic chemistry is similarly likely to have been a complex
chemical reaction network given the results of studies modeling the prebiotic Earth and the
analyses of extraterrestrial samples. What separates the biology from prebiotic chemistry is
a high level of control in biochemical reaction achieved through enzymatic catalysis.
Catalysis, is therefore, a prominent topic in the origins of life research, usually concentrating
on surface, metal or small molecule catalysis. In the project, we proposed to take the current
knowledge on prebiotic catalysis forward towards building prebiotically plausible enzyme-

like catalysts.

Enzymes are highly selective macromolecular catalysts that govern biochemical
transformations. Enzymes employ organic or metallic catalytic cofactors and intricate three-
dimensional folded protein or RNA structures to encapsulate and orientate substrates within
their active sites. Long functional proteins and RNA molecules are unlikely to have been
present at the early stages of chemical evolution. Therefore, we consider the possibility of
alternative simpler scaffolds that could have preceded current ones. This approach is well
established within synthetic biomimicry, where embedding model catalytic sites commonly
synthesize enzyme proxies within polymeric macrocyclic or dendritic structures, dendrizymes.
For this study, we used hyperbranched polymers (HBP), intrinsically globular polymers with
a high degree of branching. The study aimed to investigate the prebiotic synthesis of HBP
and HBP-based catalysts, assay the catalytic activity of HBP, and to study a possible

evolutionary transition between HBP and traditional protein-based enzymes.

1) Study of hyperbranched polyesters (HBPE) under prebiotically plausible conditions.
2) Synthesis of HBPE-metal sulfide nanoparticle catalytic complex and assaying their
catalytic capacity.

3) Employing ester-amide exchange process to transform HBPE into linear
depsipeptides and peptides. The globular nature of HBPE matrix assures non-random
incorporation of amino acids into the HBPE, hence imprinting HBPE function onto the

resulting depsipeptide and peptide.

1) We have studied the synthesis of HBPE under wet/dry cycles mimicking dew
formation, geyser or tidal activity. The results showed preferential formation of
hyperbranched product under the cycling conditions as opposed to continuous drying

2) We have demonstrated straightforward synthesis of ZnS/HBPE enzyme-like



complexes and have found the complex to be stable over the course of weeks and more active
towards photodegradation reactions than commercial TiO catalysts.

3) We have reacted several commercial HBPEs with a cocktail of amino acids of
different properties. The results show non-random incorporation of the amino acids via ester-
amide exchange reactions. For example, the reaction prefers glycine due to its small size and

consequent accessibility to stretically constraint spaces.
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