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Seeking the
solution

Is there any fundamental
reason ta be fixated on water
as the universal elixir of life?

Philip Ball investigates.

hete there's water, there’s Life
Tk, at besasr, oa whia owr experi-
ence o6 Farth s taoght us, and
wheen it eomies o searching for
life om ether warlds, HASA seems determined
o allenw the wates, Bul is it raght to see wateras
thie solemiedium for extraterrestrial lihe?

Somethink not. “Water is.a terrible sobrent
for litel" says chemist Steven Tienner of the
University of Florida in Gainesville. Benner
is ane of 2 number of hiochemisis, planctary
acienitists and philosophers whe are trying to
firndd oo whsethe e water 19 i a0 sense fine-
i for Lifie.

[tisa pertinent question. Scientists today are
seamchirgg for extraterrestrial life wherever they
can, froum the subsoil of Mars to planets orbit
|ngmh'rmrs.bnrar'h|:vhnvh|u1drwu1nng
Bt are: they looking in the right places? If
Penner is right, perhaps they have become too
fieated o chasing waker

Berirser bod thie case for the prosecution car-
Ther thiis year at a mecting in Varenna, Jrahy

There, rescarchers faced ug to what many of

them consader to be their baggest challe
He can we even begin Iqﬁms the rela-
tenship hetwieen water and Life when we have
anly ane example — lite on Farth, And more
tathe point, can the problem he dealt with ina
rigarols, scientific ranner?

For Benner the answerto the latter question
15 ven. Heargues that itis possible toimestigate
experimentally whether water 15 easential

for life. He hopes 1o prove that a tvpe af

hanchemistry can occur withoul sater. “We
are working o create allernative darwinian
systermns based on fundamentally differem
chemistries,” hesays * \\mamum;gdlrﬂ.n.nr
st systems s & way to get a precussor for
life on Farth”

The notion of redesigning life's chemstry
Thas hecame central to the ermenging disopline
o aprithete biokogy, shich bas among it long-
term obpectives the aim of creating entire cell:
from seratch, perbaps with a different chemi-
<al basis from that of existing organisms.

Berireir points oot hat seter is penerally not
a gooud sobvent for dioirg organic chemistry —
which is, in the end, what life i all alsn Foe
ome thing, water is rather reactive, tending o
splie apart the honds that link the Iluilr:'Eng
blacks of binmalecules together Tt readily
breales peptice bonds, for example, as well as
marry of the hondz in nucleie acidz, such as
RMNA“The stroctare of RMA screams T did not
s it water!" Benner asserts. Hee aays thatin
bt fiwar out of five cases, syrthetic ongans
chernists will avoed using water asa sohvent.

Cresative farce
Buit off course ¢ ic chemists aren®t waally
trying o create lie. Water has mary properties

that seern indispensahle for the functioning of
proteans and cells. Tt 15 an excellent sofvent foe
ioms, for example —orwcial for nerve signalling,
enaymatic processes, hinoineralization and the:
btsavivnr of TREA. It 58 alana naaster of weak

internolecular interactons auch as lydrogen

el anel hydmphobic forees. The later play
a cemral mle in protein folding  and
proten—proten interactions, whereas the for-
merotten act & hridges hetweeen protein hind
img sitess andd their suhetrates. And water'sahility
tov aibsort and |nse heat without underpoang 2
large ternperature change provides therral
cushioming, shielding cells and organisms from
wild emiperanire swings.

o ethier bonown ligquod eombines all of these
properties. Bul does a life- aipporting slvent
reed themall? Areany ol water's unique prap-

erthes essential, and are amy of s LSécllllal
prnperties unbgue?

Tivassess whiether water is somihow rrh:nal'
asa hickygical solvert, we need to understand
the hasic requinernents for lide'. Proteins and
ruckeicacids rehyon wenk ingermiclecularinger
ndinnsmmgm‘imand passchermacal indnema
tinn arowmnd — o transfer genetic instnictions,
for insarde It oould be argued thar peneral
propertics such as this will be needed foe 2
‘chemisery of b, even when the buil ding blocks
aree Fok privein s o nuchoe acid s

Bat these familiar building Mecks may
themielves nol need water w0 function.
“1 think it is perfectly possible that at least
elements of relevant hinchemistry can be per
suaded tovwnrk in a completely non -agueous
ervironment;’ says physicist [ohn Finney at

University  College  London
Finney points b evidence
thiat enzymes can work in
“dry’ air, where they hold
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Tar min
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oty topnly thee barest cnamings of water mele-
eulles, and even in non-aqueous solvents’

Minst natural enzvmes canmat Iold inte ther
compact, active forms  withowt  being
immersed in water, Bt even that limitation
might nat be fundamental. A team led by
Anmielise Barron and lshwar Radhalrishnan &
Moethwestern University in Branston, Minis,
has rocently found that molecules called
peptoide, which are structarally very saimilar
o peplides, can fald it eompact fems in
prure metlanal.

Another way b explare the reationship
between water and lide is to modify waters
miolecular dructure or properties until the
liquid state itsedf hegins to change. “Knowing
which properties of water are particularhy
sensitrve bits strocture can help to show bow
fine-tuned for life the lguid properties are”
says Ruth Dynden-Bell, a theoretical chemist
at Cueer’s University Belfast, UK, whae
en-chaired the Varenna moeting,

Lynden-Bell and ber co-warkiers have used
eomputer simalations to model changes in
swaber’s progerties. They founed that if the band
anglrin H 0 weas 9, rather than 104.5" as in
the real molecule, or i the hydrogen bonds
were abouit 15% weaker, the three-dimen-
sinndl network of hydrogen bonds — crucial
e the ligquid's unigue propertics — would he
severdy disrupited or fall w pleces™.

Aking such what if” questions might seem
strange ke bislogists and chemigs, bt it is far
mire commean in cosmalogy ar phisics. Far

The clouds of Jupiter contain liquid ammonia
which seene say could suppert water-free like.

ensmilogists, the physical Universe seems to
he precariausy fine-tuned to make life possi
ble". For example, the fine-strucure constant,
whach determines the strength of electromag-
et interactions, i not fixed by any known
fuirsdamerital thevey; and yet i it was ten timnes
larger, stable atvms eould pot st

Unlike plysies, of course, hochemistry
adapts v its environment, which i why the
participants in Varenna generally aunxu] that
life o Earth is adapeed towater
rather than the other war
roaind. “Lite o Earth iesclf is
fime -tuned to water —a conse-
quence of it evalving in close
adsociation with the mediurn”
saya Finney, " Topu it the ather
way a5 perhaps to put the cart
betore the horee” He adds that
“the fing-tuning argument with
respect B walér 15 a far mare
complex problem than that in astrophysics.
Without lnowing what aspects of water are
important, | suspect we are doing litthe nonne
than speculating™

Ot of this world
Benrser wants o use cxperiments to miwe
heyond these abstract discussions. He sees
several altermatives W water®. Ammonia,
which i liquid between =78°C and =330
ar | atmasphere pressure, will dissalve mamy
mic conmpounds and can farm hvdrogen
honds. It is also relatively common in the
cosrmis: thers is Bauid ammonia in the cdouds.
of Jupiter, for example. Benner comsiders
watEr-arnmonia mioires, which mav exiatin
soavwecobd extraterrestrial enviponaents such
s beneath the surface of Saturns moon Titan,
s anet her promising candlidate. Then thene i

“Life on Earthis
fine-tuned ta water
— aconsequence af
it evolving in close
association with
the medium.”

= John Finney
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formaniide, which is lguid over a wide range &
of temperatures and pressunes, dissabees saln
and has bdrophabie-like effects. Pormanude
might b procgent el o thee airface on Mars,
But Benner does not rule out mne exotic
passalalitis, such as liquid nitragen or super-
critical liquic hydragen on gas-giant planets
such as Saturn, Uranusand Neptune, Or per
haps hydrocarhons such as liguid methane on
Titan, “Cirganic reactivity in hydrocarban sl
vents1s no less versatile than in water] b says
[vaes widening the search for extraterres-
rial life tor places that don't have water make
aense? The Cassini-Hivgens space probe
abwwed in [ansary that Titan ray bave river-
eds (3 not actual Fvers) cnrwdfmml)cuul
hydrmcarbans. Anel in March the detection af
reflected i tr’mmm'n[upm-rlll.uvnumhr
planets by the Spitzer Space Telescrpe” marked
thie first step towardsanalysing theirchemistry
remogehy
Bt MASAE quest for habitable planets
reestine focused on wates, In 208 it inbends o
launch the Bepler Photmetes, sehich sall
sisanch For Farth-like planets by [nolang for evi-
dence of their transat acmss the faces af parent
stars. Atamrich later date. the agency hopes o
launch twe space-based teleseopes that wall
form the Terrestrial Planet Finder (TPF) mis
sion. These will detect and analyse reflected
light from ather planets. The gaze of hath
Keplerand the TPFwill he firmby fixed on the
Thabitahle zone’ of stars, whene i water
el exiat, pogentialhy averdooking workds that
are habitalile by mon-aouems life forms.
Benmer isnot waiting around lor thes: space
mizsions Lo find extraterrestrial life in places
with or without water, He is
convinced that the time is ripe
w explore mare cxatic life forms
in the laboratory But that, he
aavs, requiresa different mind-
et frown the one thar currently
guides chembcal rescarch and
tireding. Berner is participating
in a Ut Mational Academies
panel funded by MASA that is
loaking at posable alternative
chemastries for life, and which he hopes will
identity research directions that funding agen
e can pursie He believes that researchers
sheold aim high — to create life forms that dio
nat repraduce the chemistry that s found an
Earth. In aither waords, ifwe can't easihy get to
athser worlds, we should build them bere. =
Philip Ball i3 comsultant editor fos Noture,
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