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Introduction: Phosphate plays a vital role in mod-
ern biology by ensuring the solubility of DNA, RNA,
and a range of metabolic compounds while providing
moderately stable phosphodiester bonds which are able
to be readily formed and cleaved by modern enzymes.
On a prebiotic Earth these properties would also have
been invaluable for the organic molecules that gave
rise to the origins of life. Life almost certainly arose in
aqueous environments making solubility in water under
varied pH conditions quite important, a property readi-
ly observed by phosphorylated organic molecules.
Equally important is the ability of nascent life to form
informational carrying polymers with chemical bonds
that are easily formed and strong enough to preserve
informational fidelity, but are weak enough to allow the
recycling of the monomeric units for chemical reuse
and the continued sampling of different informational
sequences. This thermodynamic sweet spot is found
with phosphorylated organics in modern biochemistry
and is one of the main reasons phosphate is such a fun-
damental part of all living systems.

These properties would have made phosphate an
important molecule and moiety to be harnessed in early
prebiotic chemical reactions. In fact, early work has
shown the ability of urea-catalyzed phosphorylation to
be utilized for phosphorylating alcohol containing or-
ganics at moderate temperatures.’
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Fig. 1. Proposed mechanism for urea-catalyzed synthesis of phosphate esters.?

However, on a prebiotic Earth, phosphate would
have readily reacted with divalent cations in solution
(primarily magnesium, iron, and calcium) to form in-
soluble precipitates which would have prevented phos-
phate from being incorporated into developing bio-
chemical systems. In addition, the phosphorylation of
nucleosides is a dehydration reaction making these
reactions thermodynamically unfavorable in aqueous
environments. These two factors create sizable barriers
for phosphate to be utilized by nascent life.

Results and Discussion: Our work builds upon
previous work demonstrating successful phosphoryla-
tion in eutectic solvents,’ investigating urea-catalyzed
phosphorylation in a prebiotically viable eutectic sol-
vent consisting of urea, ammonium formate, and water
(UAFW Eutectic). In this solution, high degrees of
phosphorylation were observed with ribonucleosides or
glycerol when evaporatively heated in the presence of
free phosphate in solution. In addition, in the presence
of MgSO,, water insoluble hydroxyapatite
(Cayp(PO4)6(OH),) was able to be successfully utilized
as a phosphorylation source. These results demonstrate
the ability of the UAFW eutectic to not only access
urea-catalyzed phosphorylation in a liquid environ-
ment, but to mobilize previously sequestered phosphate
for these reactions.* This work shows a prebiotic chem-
ical path to phosphorylation of nucleosides which
overcomes two of the major barriers to phosphoryla-
tion, helping support phosphate as an important mole-
cule utilized during the origins of life.

In addition, upon extended heating of these solu-
tions (7-30 days depending on temperature), the for-
mation of phosphodiester bonds were observed. Di-
mers and trimers were formed containing either adeno-
sine monophosphate or glycerol phosphate subunits.*
These exciting results demonstrate the potential of not
only utilizing urea-catalyzed phosphorylation to make
organophosphates, but also using this reaction chemis-
try to make longer biopolymers under prebiotic condi-
tions.
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Fig. 2. UAFW driven polymerization from nucleotides.
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