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Introduction: The RNA world hypothesis propos-
es that RNA once functioned as both the principal bio-
logical catalyst and genetic material. However, RNA is
a complex molecule made up of phosphate, ribose and
nucleobase moieties, and its evolution is unclear.
Yakhnin [1] has proposed a scenario in which there was
a period of prebiotic chemical evolution prior to the
advent of replication, in which macromolecules con-
taining polyols joined by phosphodiester linkages un-
derwent spontaneous transesterification reactions with
selection for stability. Although he proposes that the
nucleobases were obtained during this stage from less
stable macromolecules, the ultimate source of the nu-
cleobases is not addressed.

Hypothesis: We have proposed that the purine nu-
cleobases arose in situ from simpler precursors attached
to a ribose-phosphate backbone, and that the initially
weaker and less specific intra- and inter-strand interac-
tions between these precursors were the forerunners to
the base pairing and base stacking interactions of the
modern RNA nucleobases [2].

Further, in line with Granick's [3] hypothesis of bio-
synthetic pathways recapitulating evolution, we have
proposed that these simpler precursors were the same or
similar to the intermediates of the modern de novo pu-
rine biosynthetic pathway. According to this scenario,
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the pyrimidine nucleobases would have evolved at a
later stage.

We have proposed that successive precursors
formed progressively stronger interactions that stabi-
lized the ribose-phosphate polymer, and that these in-
creases in stability drove the selection and continued
chemical evolution of the purine nucleobase precursors.
Such stabilizing interactions may have included hydro-
gen bonding between ribose hydroxyl groups and be-
tween amide side groups, the coordination of metal
cations, and the stacking of imidazole rings [2]. Inter-
estingly, the imidazole ring-containing intermediates of
the pathway, CAIR and AICAR, as well as inosine,
adenosine and guanosine, are all potentially able to
form purine-purine Watson-Crick-type base pair inter-
actions with each other, similar to the inosine-
adenosine base pairs found to occur in a synthetic oli-
gonucleotide (see figure).

Five of the eleven steps of the purine biosynthetic
pathway have previously been shown to have alterna-
tive nonenzymatic syntheses [4-6], while a sixth step
has also been proposed to occur nonenzymatically [7],
supporting a prebiotic origin for the pathway. We have
proposed alternative nonenzymatic reactions for the
entire pathway [2].

CAIR-AICAR potential hydrogen
bonding interaction modeled on an
adenosine-inosine  (A-I)  Watson-
Crick-type base pair in a synthetic
antiparallel RNA duplex incorporat-
ing tandem A-I/I-A base pairs (PDB
333D) [8]. Stacking interactions of
the imidazole rings of CAIR and
AICAR would presumably have pro-
vided additional stabilization.
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