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Abstract

Minimal enzymes are enzymatic units reduced to the bare essentials with a preservation of their basic functional 
catalytic activity. The most famous example is Ser-His dipeptide - a minimal hydrolase. Such minimal enzymes 
are thought to be a missing link between prebiotic chemistry and the first organisms in the early Earth environment 
and hold potential for industrial use in place of enzymes in the future. As far as Ser-His dipeptide can be used to 
condensate substrates, this reaction is unfavorable in a water environment. In aqueous conditions direction of the 
reaction will  be shifted from polymerization to hydrolysis.  There is, however, another type of enzymes that deal 
with this problem by coupling unfavorable reactions with promoted  ones. Synthetases are driven by hydrolysis 
of the pyrophosphate bond which they couple with the reaction of synthesis.

Introduction

The most widespread origin of life hypothesis is “RNA world”. Although RNA molecules possess many 
properties crucial for life  like the ability to store information, ability to evolve and catalysis  their creation in the 
prebiotic environment remains uncertain [1]. Peptides and amino acids, on the other hand, have been proven to 
be produced in a variety of prebiotic reactions [2,3,4,5,6]  which makes them probably first life-related organic 
polymers on Earth [7].

“Irreducible complexity”  is partially obsoleted term that nowadays regards codependency between proteins and 
nucleic acids. In great simplification proteins (polymerases) produce nucleic acids and nucleic acids (ribosomes) 
produce proteins. This dependency is being found in all life  forms across the Tree of Life thus it must have 
evolved very early in the history of life  [8].

We believe that peptides have been present in the process of replication of nucleic acids from the very beginning. 
Moreover, their (peptides) enzymatic activity could have allowed nucleic acids to emerge as information 
polymers[9].

In order to do so, these peptides would have to possess properties related to polymerases. Since nearly all the 
reactions in the “irreducible complexity”  can be broken down into chains of phosphorylation a and phosphate 
residue substitution [10] (which reactions define enzymes from the class of synthetases) what we have started to 
seek is a minimal synthetase.

Results and Discussion

We have synthesized a number of designed peptides. Two of them expressed similar to expected properties. We 
have checked for desired activities in a variety of conditions. Observation worth of notice is that the reaction 
course is pH dependent. In alkaline pH peptide C1 catalyzes the hydrolysis of pyrophosphate (Fig. 1A).

Peptide C1 and peptide C3 in acidic conditions are able to activate themselves by phosphorylation and subse-
quently substitute phosphate residue with an amino acid from the environment (Fig. 1B). Presence of Leu-NH2 
as a substituted amino acid suggests that activation takes place via carboxyl end.

Peptide C1 also possess the ability to dissolve and decompose pyrophosphate from calcium pyrophosphate 
crystals, a potential source of phosphates in the early Earth conditions thus possess chemolithotrophic abilities.

We achieved similar to desired catalytic properties. Following experiments will  be conducted to better catalytic 
properties toward catalysis  instead of autocatalysis and higher turnover speed. Minimal enzymes like the ones 
presented here could be a missing link between chemistry and biology and important catalytic power for the first 
nucleic acid replicons. Moreover, small peptidic catalysts could be used in the future as a cheaper and more 
stable substitute for enzymes in bioreactors and new forms of drugs.
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Methods

Design. In order to design minimal synthetases, we have investigated various enzymes involved in phosphate 
transfer chemistry (kinases, synthetases, polymerases). In all of these enzymes, the noticeable feature was a 
layer-like arrangement of crucial residues and substrates. Subsequently, we have transferred these properties onto 
smaller, peptidic units and performed a series of energy minimalizations in silico  using ICM-Pro and Gromacs 
software. Peptides with best properties were synthesized using SPPS  Fmoc strategy.

Activity assays. We were incubating peptides with Mg ions, pyrophosphate, N-Me-Phe-OH and H-Leu-NH2. As 
a control, we have used mixtures with Ser-His dipeptide, without peptide and without peptide and Mg ions.

To measure the catalytic properties of designed peptides we have used two types of assays: indirect (measurement 
of pyrophosphate utilization) and direct (peptide bond formation via HPLC -TOF-MS)

We have monitored the reaction by measuring the concentration of phosphates in the reaction tubes via micro 
determination of phosphates [10] and in the end, we were checking for the presence of peptide derivatives.  Three 
such derivatives could have been produced: N-Me-Phe-peptide,  peptide-Leu-NH2, and N-Me-Phe-Leu-NH2.

Figure 1: A: pH dependency between two types of reactions: synthetase on the left at low pH and pyrophosphate 
hydrolysis on the right at high pH. Only peptides C1, C3 and Ser-His shown. Dotted lines are controls without 
peptide and without peptide and Mg ions, solid grey lines represent known concentrations of phosphoric 
acid. Absorbance shown as Ax10000 and time in days. B: Mass spectra of C3 peptide reaction with Mg ions, 
pyrophosphate, N-Me-Phe-OH and H-Leu-NH2. Picks corresponding to phosphorylated peptide and leucinated 
peptide are present.
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