2021 2023

A common and potentially prebiotic activating agent for phosphorylation of
nucleosides and oligomerization of nucleotides and amino acids

A common and potentially prebiotic activating agent for phosphorylation of
nucleosides and oligomerization of nucleotides and amino acids

Yi, Ruigin

2,200,000

RNA
RNA 5°-

RNA 5°-

This study provides an understanding how RNA and peptides could evolve chemically starting from
simple molecules to complex polymers under a one-single environment. The performed peptides
synthesis affords an idea of the extension of the outcome from prebiotic chemistry to appliable
chemistry.

cKanogen chloride was proposed to activate the synthesis of RNA and
peptides. In this research, the activation of nucleotides to their 5 -phosphorimidazoles for RNA
polymerization and activation of amino acids to peptides has been demonstrated. The cyanogen
chloride activated polymerization of amino acids in the solid-phase peptide synthesis was also
demonstrated, which could be used for the peptide synthesis in the industry. The activation of
nucleotides to their 5 -phosphorimidazoles for RNA polymerization and amino acids polymerization
has been found to occur in a one-pot synthesis using cyanogen chloride as a common activating agent.
These results suggest that cyanogen chloride is a very useful activating reagent in the prebiotic
chemistry.
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(1) In the origins of life study, many studies have focused on the possible prebiotic
synthetic pathways for some specific biomolecules, involving nucleotides, amino
acids, and their corresponding oligomers. However, most of these pathways have
relied on “discontinuous synthesis” models, which employ step-by-step chemical
protocols or well-timed additional steps to favor specific targets.

(2) To solve this problem in prebiotic synthesis, we have recently proposed to take a
new approach of “continuous reaction networks”, in which a wide variety of
compounds are constantly being formed, and reacting with each other to form new
compounds. Based on the above consideration, we have recently demonstrated a
continuous reaction network of nucleotides and RNA polymers. The next key
question is whether this continuous model can enable the subsequent step towards
the generation RNA polymers compatible with forming other impartant substrates,
such as oligopeptides.
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(1) The primary purpose of this WAKATE project is to provide an understand of how
RNA and peptides could evolve chemically starting from relatively simple
molecules to complex polymers in a continuous manner under a single-pot
environment.

(2) More specifically, this project aims to demonstrate oligomerization of nucleotides
to RNA and amino acids to peptides using cyanogen chloride as a chemical activator.
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(1) The activation of amino acids to peptides using cyanogen chloride as a chemical
activator has been carried out. The intermediates formed in this mixture was
observed by NMR spectroscopy to elucidate the reaction mechanism.

(2) The peptide synthesis was be tested in the presence of nucleotides, to see if
nucleotide 5'-phosphorimidazoles and peptides can be simultaneously formed under
the same condition.

(3) A solid-phase peptide experiment employing cyanogen chloride as an activating
agent will be carried out and analyzed by HPLC.
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(1) The activation of amino acids to peptides using cyanogen chloride was found to
afford N-(aminocarbonyl)peptides see Figure 1. Deprotection of the urea group from
N-(aminocarbonyl)peptides to obtain free peptide was success by the use of NO,.
Repeating the processes of activation and deprotection can effectively extend the
chain of oligopeptides. Twenty common amino acids were tested and most of them
can be activated by this method.

(2) Nucleotide 5'-phosphorimidazoles and peptides has been found to be generated
simultaneously when cyanogen chloride was added into the solution of imidazole
and nucleotides, and amino acids.



(3) A solid-phase peptide experiment employing cyanogen chloride as an activating

agent has successfully achieve several types of free peptides in a highly pure form,
indicating that this method has a potential possibility for the industry application.
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Figure 1. The >*C NMR of N-(aminocarbonyl)glycine dimer.
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