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How Did the Phosphate Get into RNA?

Urea as one of the essential components in
Darwin’s "warm little pond"

The phosphate ion is almost insoluble and is one of the most
inactive of Earth's most abundant phosphate minerals. So how
could phosphate have originally been incorporated into ribonu-
cleotides, the building blocks of RNA, which are considered to
be among the earliest constituents of life? American and Span-
ish scientists have now identified reasonable conditions to mo-
bilize phosphate from insoluble apatite minerals for prebiotic
organophosphate synthesis, including ribonucleotides. The piv-
otal role of urea in this process is also described in their article
in the journal Angewandte Chemie.

The energy-rich organophosphate bond is one of the basic fea-
tures found in modern life. Phosphoester and phosphodiester
bonds are currently formed using energy from photosynthe-
sis and the energy in our food, and are continuously degraded
and reconstructed during metabolic activity within living cells.
Phosphate groups also ensure the solubility of RNA and DNA
molecules. But how were the very first phosphate ester bonds
formed on the prebiotic Earth? Phosphate would have been
mostly locked in minerals when the first nucleobases, sugars,
and amino acids started life in the primeval soup, which is al-
so known as Darwin’s "warm little pond". César Menor-Salván
and Nicholas V. Hud at the Georgia Institute of Technology, At-
lanta, USA, and collaborators have now explored, in detail, real-
istic geochemical conditions that could have led to the first rele-
vant organophosphates.
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They were especially interested in the role of urea, a hydrol-
ysis product of cyanamide and produced in Miller–Urey type
reactions, which also has been shown to catalyze phosphate
ester synthesis. The authors hypothesized that a eutectic mix-
ture of urea, ammonium formate, and water could both serve
as a milieu for direct phosphorylation and mobilize the phos-
phate of minerals, and thus allow phosphorylation from mineral
sources. Additionally, upon heating formamide is formed, which
is a cosolvent and could enhance phosphorylation from mineral
sources. Therefore, the eutectic mixture would ensure "a consis-
tent starting concentration of components regardless of their ini-
tial abundances," the authors wrote.

Their experiments resulted in effective phosphorylation of nu-
cleosides when heated at moderate temperatures, provided sol-
uble phosphate ions were available. To address the latter point,
the scientists added various mixtures of ions and salts to the
mixture and observed not only increased solubility of phosphate
from hydroxyapatite, but also the formation of moderately sol-
uble secondary phosphate minerals. They wrote: "These exper-
iments suggest that an environment rich in ammonia, small or-
ganics such as urea and formate, magnesium sulfate, and phos-
phate could be an ideal location for prebiotic organophosphate
synthesis." Every salt and ion added was very likely abundant
in the environment of the prebiotic Earth. Overall, the scien-
tists have identified realistic conditions under which early phos-
phorylation from insoluble sources could have taken place.
So, consistent with Darwin’s early thoughts: With the help of
urea, phosphorylated molecules important for life can be readily
formed in "warm little ponds".
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