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INTRODUCTION

In recent years, theoretical and experimental
studies have presented efforts to understand the
origin of the building blocks that gave rise to life,
generating a lot of discussion about abiogenesis
theme1-3. The most widely widespread idea,
known as “the RNA World”4-5, maintains that life
arose spontaneously through five main stages: (1)
prebiotic synthesis of nucleotides; (2) prebiotic
formation
of polynucleotides
from the
nucleotides; (3) emergence of special RNA
molecules catalyzing their own replication; (4)
evolution of the primordial replicases (?) towards
more efficient ones; (5) emergence and evolution
of other and better catalytic RNA molecules6-7. All
stages are target of much speculation and
discussion as original conditions cannot be
replicated faithfully in the laboratory, and there is
no guarantee that it will be performed in the
future8. This work, from a semi-empirical
theoretical approach, investigates some aspects of
the two first stages by means of thermochemical
data from the prebiotic nucleotide synthesis
reactions, and short sequences of DNA and RNA.
The objective was to verify that various abiotic
reactions identified in the literature9-10 as natural
precursor in the formation of life blocks can occur
spontaneously in abiotic environment. Gibbs free
energy was used as calculating criterion , since the
thermodynamic parameters calculated by semiempirical methods such as AM1 and PM3 has
shown a good correlation with experimental
data11.
METHODS
The
theoretical
quantum
chemical
calculations were performed in an INTEL
QuadcoreTM PC (8 GB RAM), on the Debian
LINUX (5.0 version) by Gaussian 03 Program
(Revision E.01). In the optimization geometry and
energy routines, the AM1 and PM3 methods were
used. Molecular geometries were fully optimized

by the force gradient method using Berny’s
algorithm, and potential energy surfaces were
characterized using standard analytical harmonic
vibrational analysis to confirm that the stationary
points corresponded to minima of the potential
energy surfaces (no imaginary frequencies or
negative
eigenvalues
were
found).
Thermochemical parameters Hr and Sr for each
compound were obtained from vibrational
analysis (T=298.15K), allowing the calculation of
Gr. The methodology consisted of modeling of
reaction systems in two distinct stages: 1. Abiotic
synthesis reactions of nucleic acids; 2. Formation
reactions of short sequences of nucleotides. For
this purpose the optimized geometries were
obtained as well as the calculation of the energies,
frequencies and thermochemical data of each
participant’s reaction compound. The nucleotide
sequences used are for a single helix
conformation, as shown Table 1.
Table 1. Conformational data from a single helix
sequence.
Single Helix 

RESULTS AND DISCUSSION
1. Reactions from nucleic acid synthesis
The estimation of the free energies of formation of
each compound (Table 2) allowed the calculation
of Gr of each reaction (Table 3). The more
traditional reaction routes were chosen (Figure 1).
In the case of adenine and cytosine, two main
routes have been calculated. The abiotic synthesis
of thymine and guanine is subject of discussion,
and has not been investigated in this work 12.
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Table 2. Thermochemical Data of compounds
necessary for the abiotic synthesis reactions of
nucleic acids, nucleotides and sequences.

The second step of the reaction 03 presents a large
Gr, which makes it impossible to produce
cytosine. There is a similar argument to reaction
04. Reaction 05, as proposed by Luisi15 depends
on the spontaneous formation of cytosine by other
mechanisms, especially thiocyante and urea
routes, which proved to be energetically
unfavorable. In this case, with the formation of
cytosine, uracil spontaneous generation is
possible, a basic component for RNA.
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Table 3. Energias livre (in Kcal/mol) das rotas de
síntese de ácidos nucleicos. Free energy (in
Kcal/mol) of routes of synthesis of nucleic acids.
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Figure 1. Abiotic routes of synthesis of Adenine,
Cytosine, Uracil nucleic acids.
Results showed that all the nucleic base synthesis
routes are energetically unfavorable and may not
spontaneously occur in the way it has been
proposed. Reactions 01 and 02 had more than one
intermediate step thermodynamically unfavorable.

2. Reactions from formation of short sequences of
DNA and RNA
The abiotic mechanism of simple sequences of
nucleotides formation has never been adequately
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and sufficiently demonstrated. There are at least
three possible suggestions of formation: (a)
reaction from the individual components present
in the environment; (b) nucleosides reaction in
environments rich in phosphorus; (c) reaction
from pre-existing sequences containing a
phosphodiester bridge.
In case (a), free energy was calculated with the
thermochemical data of all necessary components
to form a single sequence(Table 4). Analysis of
the resulting values presents a strong correlation
with the size of the sequence. The longer the more
positive the value of Gr (Figure 2). Extrapolation
to a complete sequence (single helix) with
200x106 nucleotides, as contained in the human
genetic code, without any particular order, will
result in a Gf of 3.19x1010 Kcal/mol.
Table 4. Free energy (in kcal/mol) of formation
of short sequences, from the individual
components present in the environment (nitrogen
basis, deoxyribose and phosphoric acid).

formation deoxynucleotides (dA, dC, dG and dT)
proved to be energetically unfavorable.
Table 5. Free energies (in kcal / mol) of dnucleosides complete reactions in the presence of
phosphorus.

The latter case (c) investigated the formation of
new sequences from other smaller d-nucleosides
sequences containing a phosphodiester bridge (see
Figure 3). The results showed that some
sequences may have negative Gr, but the data are
not sufficient to set as a rule. Once the first
sequence is not energetically favored (107.89
Kcal/mol), the next cannot be formed therefrom
(Table 6).
Table 6. Formation free energy (in kcal/mol) of
new sequences from pre-existing sequences and dnucleosides with phosphodiester bridge.
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Figure 2. Gr formation of random nucleotide
sequences according to the size of the sequence.
In blue, the linear fit.
For case (b), some longer sequences were shown
to be energetically favorable to spontaneous
formation, if complete nucleosides are available in
the environment in the presence of anion of
phosphoric acid (Table 5). However, the

Figure 3. Deoxyribonucleosides containing a
phosphodiester bridge.
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CONCLUSIONS
None of the investigated abiotic reactions of
nucleic acids synthesis showed positive Gr in all
their stages. Calculated values do not contemplate
a spontaneous occurrence of these reactions in an
abiotic way. The formation of sequences of
nucleotides, considering the presence of all
components in an abiotic reaction environment
also resulted in positive values. In this case, even
with all components present, there is no formation
of nucleotides sequences. In the presence of
complete deoxynucleotides there is the possibility
of spontaneous formation of larger sequences.
However, the formation of these deoxynucleotides
remains not spontaneous , which prevents the
generation of longer sequences. Finally, reactions
with complete nucleosides which exhibit a
phosphodiester bridge, do not guarantee that
larger DNA sequences can be formed
continuously. Therefore, it is suggested that other
reactions and proposals should be exhaustively
investigated before giving a final word on the
appearance of bases of life from an abiotic
environment.
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