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erties essential, and are any of its essential
properties unique?

To assess whether water is somehow ‘special’
as a biological solvent, we need to understand
the basic requirements for life1. Proteins and
nucleic acids rely on weak intermolecular inter-
actions to organize and pass chemical informa-
tion around — to transfer genetic instructions,
for instance. It could be argued that general
properties such as this will be needed for a
‘chemistry of life’, even when the building blocks
are not proteins or nucleic acids.

But these familiar building blocks may
themselves not need water to function. 
“I think it is perfectly possible that at least 
elements of relevant biochemistry can be per-
suaded to work in a completely non-aqueous
environment,” says physicist John Finney at

University College London.
Finney points to evidence
that enzymes can work in

‘dry’ air, where they hold

Benner points out that water is generally not
a good solvent for doing organic chemistry —
which is, in the end, what life is all about. For
one thing, water is rather reactive, tending to
split apart the bonds that link the building
blocks of biomolecules together. It readily
breaks peptide bonds, for example, as well as
many of the bonds in nucleic acids, such as
RNA. “The structure of RNA screams ‘I did not
arise in water!’” Benner asserts. He says that in
about four out of five cases, synthetic organic
chemists will avoid using water as a solvent. 

Creative force
But of course organic chemists aren’t usually
trying to create life. Water has many properties
that seem indispensable for the functioning of
proteins and cells. It is an excellent solvent for
ions, for example — crucial for nerve signalling,
enzymatic processes, biomineralization and the
behaviour of DNA. It is also a master of weak
intermolecular interactions such as hydrogen
bonds and hydrophobic forces. The latter play 
a central role in protein folding and
protein–protein interactions, whereas the for-
mer often act as bridges between protein bind-
ing sites and their substrates. And water’s ability
to absorb and lose heat without undergoing a
large temperature change provides thermal
cushioning, shielding cells and organisms from
wild temperature swings. 

No other known liquid combines all of these
properties. But does a life-supporting solvent
need them all? Are any of water’s unique prop-

W
here there’s water, there’s life.
That, at least, is what our experi-
ence on Earth has taught us, and
when it comes to searching for

life on other worlds, NASA seems determined
to follow the water. But is it right to see water as
the sole medium for extraterrestrial life?

Some think not. “Water is a terrible solvent
for life,” says chemist Steven Benner of the
University of Florida in Gainesville. Benner 
is one of a number of biochemists, planetary
scientists and philosophers who are trying to
find out whether water is in some sense ‘fine-
tuned’ for life.

It is a pertinent question. Scientists today are
searching for extraterrestrial life wherever they
can, from the subsoil of Mars to planets orbit-
ing other stars. So far they have found nothing.
But are they looking in the right places? If 
Benner is right, perhaps they have become too
fixated on chasing water.

Benner led the case for the prosecution ear-
lier this year at a meeting in Varenna, Italy.
There, researchers faced up to what many of
them consider to be their biggest challenge.
How can we even begin to discuss the rela-
tionship between water and life when we have
only one example — life on Earth. And more
to the point, can the problem be dealt with in a
rigorous, scientific manner? 

For Benner the answer to the latter question
is yes. He argues that it is possible to investigate
experimentally whether water is essential 
for life. He hopes to prove that a type of 
biochemistry can occur without water. “We
are working to create alternative darwinian
systems based on fundamentally different
chemistries,” he says. “We are using different
solvent systems as a way to get a precursor for
life on Earth.”

The notion of redesigning life’s chemistry
has become central to the emerging discipline
of synthetic biology, which has among its long-
term objectives the aim of creating entire cells
from scratch, perhaps with a different chemi-
cal basis from that of existing organisms. 

Seeking the
solution
Is there any fundamental
reason to be fixated on water
as the universal elixir of life?
Philip Ball investigates.
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NASA’s Kepler
mission will search
for new 
planets.
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cosmologists, the physical Universe seems to
be precariously fine-tuned to make life possi-
ble5. For example, the fine-structure constant,
which determines the strength of electromag-
netic interactions, is not fixed by any known
fundamental theory; and yet if it was ten times
larger, stable atoms could not exist.

Unlike physics, of course, biochemistry
adapts to its environment, which is why the
participants in Varenna generally agreed that
life on Earth is adapted to water
rather than the other way
round. “Life on Earth itself is
fine-tuned to water — a conse-
quence of it evolving in close
association with the medium,”
says Finney. “To put it the other
way is perhaps to put the cart
before the horse.” He adds that
“the fine-tuning argument with
respect to water is a far more
complex problem than that in astrophysics.
Without knowing what aspects of water are
important, I suspect we are doing little more
than speculating.”

Out of this world
Benner wants to use experiments to move
beyond these abstract discussions. He sees 
several alternatives to water6. Ammonia,
which is liquid between �78 �C and �33 �C
at 1 atmosphere pressure, will dissolve many
organic compounds and can form hydrogen
bonds. It is also relatively common in the 
cosmos: there is liquid ammonia in the clouds
of Jupiter, for example. Benner considers
water–ammonia mixtures, which may exist in
some cold extraterrestrial environments such
as beneath the surface of Saturn’s moon Titan,
as another promising candidate. Then there is

1085

on to only the barest coatings of water mole-
cules, and even in non-aqueous solvents2.

Most natural enzymes cannot fold into their
compact, active forms without being
immersed in water. But even that limitation
might not be fundamental. A team led by
Annelise Barron and Ishwar Radhakrishnan at
Northwestern University in Evanston, Illinois,
has recently found that molecules called 
peptoids, which are structurally very similar 
to peptides, can fold into compact forms in
pure methanol.

Another way to explore the relationship
between water and life is to modify water’s
molecular structure or properties until the 
liquid state itself begins to change. “Knowing
which properties of water are particularly 
sensitive to its structure can help to show how
fine-tuned for life the liquid properties are,”
says Ruth Lynden-Bell, a theoretical chemist 
at Queen’s University Belfast, UK, who 
co-chaired the Varenna meeting. 

Lynden-Bell and her co-workers have used
computer simulations to model changes in
water’s properties. They found that if the bond
angle in H2O was 90�, rather than 104.5� as in
the real molecule, or if the hydrogen bonds
were about 15% weaker, the three-dimen-
sional network of hydrogen bonds — crucial
to the liquid’s unique properties — would be
severely disrupted or fall to pieces3,4.

Asking such ‘what if ’ questions might seem
strange to biologists and chemists, but it is far
more common in cosmology or physics. For

formamide, which is liquid over a wide range
of temperatures and pressures, dissolves salts
and has hydrophobic-like effects. Formamide
might be present below the surface on Mars.

But Benner does not rule out more exotic
possibilities, such as liquid nitrogen or super-
critical liquid hydrogen on gas-giant planets
such as Saturn, Uranus and Neptune. Or per-
haps hydrocarbons such as liquid methane on
Titan. “Organic reactivity in hydrocarbon sol-
vents is no less versatile than in water,” he says.

Does widening the search for extraterres-
trial life to places that don’t have water make
sense? The Cassini-Huygens space probe
showed in January that Titan may have river-
beds (if not actual rivers) carved from liquid
hydrocarbons. And in March the detection of
reflected light from two Jupiter-like extrasolar
planets by the Spitzer Space Telescope7 marked
the first step towards analysing their chemistry
remotely.

But NASA’s quest for habitable planets
remains focused on water. In 2008 it intends to
launch the Kepler Photometer, which will
search for Earth-like planets by looking for evi-
dence of their transit across the faces of parent
stars. At a much later date, the agency hopes to
launch two space-based telescopes that will
form the Terrestrial Planet Finder (TPF) mis-
sion. These will detect and analyse reflected
light from other planets. The gaze of both
Kepler and the TPF will be firmly fixed on the
‘habitable zone’ of stars, where liquid water
could exist, potentially overlooking worlds that
are habitable by non-aqueous life forms. 

Benner is not waiting around for these space
missions to find extraterrestrial life in places

with or without water. He is
convinced that the time is ripe
to explore more exotic life forms
in the laboratory. But that, he
says, requires a different mind-
set from the one that currently
guides chemical research and
funding. Benner is participating
in a US National Academies
panel funded by NASA that is
looking at possible alternative

chemistries for life, and which he hopes will
identify research directions that funding agen-
cies can pursue. He believes that researchers
should aim high — to create life forms that do
not reproduce the chemistry that is found on
Earth. In other words, if we can’t easily get to
other worlds, we should build them here. ■

Philip Ball is a consultant editor for Nature.
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“Life on Earth is 
fine-tuned to water 
— a consequence of 
it evolving in close
association with 
the medium.” 

— John Finney

The clouds of Jupiter contain liquid ammonia
which some say could support water-free life.
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