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Unlikely chemistry of life may have
originated on the ocean floor

Group offers new scenario for how cells came to rely on phosphate molecules

VIVIANE
CALLIER

Hydrothermal
vents like this one
at the Atlantic
Ocean’s Lost City
Hydrothermal
Field may contain
the ingredients
to form early
biomolecules.
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he chemistry of life has an

unlikely participant: phos-

phate. This simple molecule

of phosphorus and four
oxygen atoms cements nucleotides
together to form the backbone of
DNA and plays a key role in sup-
plying energy to living cells. Yet
phosphate is reluctant to dissolve in
water and react—poor qualifications
for a major role in biochemistry. Now,
William Martin thinks he knows how
life came to depend on phosphate. It
happened, says the Heinrich Heine
University Diisseldorf evolutionary
biologist, in metal-catalyzed reac-
tions in the scalding, mineral-laden
geysers on the ocean floor known as
hydrothermal vents, where he has
long argued life first arose.

Martin’s idea, which he described
in a series of preprints over the
past month, is an “unusual and
promising” answer to the phosphate
problem that has vexed origin of life
research, says geologist Matt Pasek of
the Rensselaer Polytechnic Institute.
But like all scenarios for life’s early
chemistry, it has rivals—including
one from Pasek.

Martin got a clue to his mechanism
back in 2000, when microbiologist
Bernhard Schink and his student
Michael Friedrich at the University
of Konstanz discovered a bacte-

rium that has an unusual way of
making a key intermediate to what
powers most cells. The microbe,
isolated from a marine source in
Venice, Italy, transforms phosphite
to phosphate. In that process, it
adds a phosphate group to a simple
molecule called adenosine mono-
phosphate (AMP), turning it into
ADP, the precursor to ATP, the main
energy source of cells.

In 2023, Schink’s team charac-
terized the bacterial enzyme that
catalyzes the reaction of AMP with
phosphite. Martin then hypothesized
that at the origin of life, metals in
the hydrothermal vent rock did what
this enzyme now does: Capture the
energy in the transforming phosphite
to make ADP.

The idea is consistent with the
broader hypothesis Martin’s team has
explored: that early in the evolution
of life, even before genes or enzymes
were around, metals at the vents
could have catalyzed the reactions
that made the first biomolecules.
Eventually, enzymes and organic
cofactors came along and replaced
the metals.

Martin and his student Manon
Schlikker have now tested various
metals to see whether they help phos-
phite react and make ADP from AMP.
They found that nickel was somewhat
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effective, but palladium really did
the trick: It catalyzed a reaction with
phosphite that both turned it into
phosphate and bonded it to impor-
tant biomolecules—the sugar ribose
that is used to make RNA and DNA,
as well as glucose, AMP, creatine,
and acetate—at concentrations of the
biomolecules seen in bacterial cells.

But are the catalytic metals found
where Martin says life arose? He has
focused on “serpentinizing” vents,
where water reacts with iron-rich
rocks from Earth’s mantle to produce
abundant hydrogen, an energy source
for early life. And recent discoveries
show those vents do contain nickel,
palladium, and many other metals.

“The stuff we’re seeing is abso-
lutely amazing,” says Katy Evans, a
geologist at Curtin University whose
team has found tiny metal-rich grains
in mantle rocks similar those at the
vents. “And there’s lots of things that
do make us think that these would be
good catalysts, because you've got a
lot of surface area.”

In addition to the metal catalysts,
Martin’s solution to the phosphate
problem requires the presence of
phosphite. And 4 years ago, Pasek’s
team showed that, indeed, phosphite
occurs in serpentinized rocks. In
short, hydrothermal vents bring to-
gether all the necessary elements for
reactions that incorporate phosphate
into core biochemistry—and in a way
that fundamentally resembles how
some current microbes do it.

Pasek isn’t convinced this reaction
is the only way life could have solved
the phosphate problem. His own
proposal, published last year, involves
a phosphorus species called amido-
phosphites. Martin doesn’t believe
Pasek’s specific scenario occurred on
early Earth, but he says it’s possible
palladium at deep-sea vents catalyzed
the amidophosphite reaction.

Pasek is also keeping an open
mind. “I would say that the phos-
phate problem has many solutions.
We don’t know which one is the solu-
tion, or if there’s something beyond
that we don’t even understand yet.”

For Martin, the key idea is that any
prebiotic chemistry has to be similar
to what cells do today. Given metabo-
lism’s complexity, a reinvention is un-
likely in his eyes. “This thing called
metabolism is just as conserved as
the genetic code,” he says. [

Viviane Callier is ajournalist in
Rockville, Maryland.
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