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Theoretical study of reaction coordinates from
adenine to hypoxanthine

Kei Odai* and Keisho Umesaki *

Abstract: In the 1960s, Léwdin proposed a model for base pair mutations in DNA [Rev. Mod. Phys. 1963,
35, 724-732]. It was that tautomerization by double proton transfer (DTP) of base pairs causes
transition after replication. We investigated the possibility of DPT occurring in A-T (adenine-thymine)
base pairs in Watson-Crick type DNA. However, it was found that A-T base pairs have a low probability
of DPT [J. Phys. Chem. B 2020, 124, 1715-1722]. Therefore, we are currently focusing on the fact that
adenine is deaminated and converted to hypoxanthine. We suspect that the formation of hypoxanthine-
thymine base pairs may be the cause of the transition of A-T base pairs. In this report, as the first step
of our study, the reaction pathway in which adenine is converted to hypoxanthine by deamination was
investigated by the density functional theory and transition state theory. As a result, it was found that
the model consisting of adenine and one molecule of water has a low probability of transitioning to

hypoxanthine by the deamination reaction.
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1 Watson-Crick like base pairs appearing within twice
replications from a G-C base pair by double proton
transfers.
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2 Chemical reaction formula from adenine to hypoxanthine®
by deamination.
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X3 Potential energy curve along the IRC of chemical
reaction by deamination. The vertical axis represents
energy with the transition state structure as the origin.
The horizontal axis is the IRC with the transition state
structure as the origin. The structures for the reactant
(adenine+H,0), product (hypoxanthine*+NH;), and
transition states are also depicted.
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4 Structure of transition state
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