


® nside your cells, tiny biochemical
machires copy your DNA, Other mol-
ecular machines convert food molg-
cules into energy. Stilt others build

: new machinery for life's processes as
oid machmery breaks down. All this work
takes place in solution, because without
water, the cellular machinery would function
about as well &s a jeliyfish washed up on the
beach.

Wa are not alone in cur thirsty depen-
dence. Planet-wide, the solvent of chaoics for
living things—nlants and animals alike—is
water, and we ail rely on it for nutrition, trans-
port, reproduction, you name it, No doubt that
explains the current scientific searches far
water beyond our own planet. Long before
spaceships were sent to Mars
Jast year 1o look for evidence
that water might have flowed
thers, scientists have dis-
cussed how its presence
would signaf that signs af
life—past or present—might
turn up as well,

Water,
so commaon,

SO unigue

Water is a fascinating
substance, easily taken for
granted. It is there, in its abun-
dance, covering three-quarters
of Earth's surface, raining
down upon us, emerging from
our faucets at the flick of a
handle. And it's likely that water is not just a
local substance, but undoubtedly exists
throughout the universe. Hydrogen is the
most abundant lement, and oxygen, follow-
ing helium, is number three. All of which
rakes it very liksly that watar, with all of ils
life-iriendly properties, is almost bound 0
show up in many galactic neighbarhoods.

Fascinating? Let's start with freezing.
Water, unlike most substances, expands when
it freezes and becomes less dense, 50 ice
floats. Most solids sink to the bottom of their
liquid phase. And for living things, this might
prove disastrous.

Consider this. If ice sank, solid ice would
rapidly accumulate on the Dottom of a lake in
winter. There it would form an insulating layer
saparating the frigid ake waters from the

wWarmar 220t oeltw, whPs rontinuing e
expose liquid water to me £old air abcwe. The

ice layer would grow, eventually tusning the
whole lake into 2 selid mass of ice, leaving no
refuge for living things that depend on liquid
water. Even worse, the huge slowly melting
body of lake ice might fail to fully thaw in the
summer.

Solid water's unigue properties are
explained by the way individual molecules
pack together upon freezing. The most com-
man form of ice is called hexagenal ice. In this
frozen form, water moilecules pack together in
repeating hexagonal units to form a solid with
a lower density than liquid water, Ever wonder
why snowflakes have hexagonal shapes?
Think small. i's actuaily caused by this hexag-
onal packing of the water molecules at the
molecular fevel,

in ice, waler molecules pack logether in
hexagonal unils. This arrangement
causes iee 1o be less dense than liguid
water. [t's also responsible lor the hexagonal
shape of snowiiakes.

Here's another life-friendly prop-
erty of water: The temperature range of its lig-
uid phase is genercus compared to that of
many substances. Hz0 is liquid from 0 °C to
100 °C, thereby offering an ample temperature
range in which life processes can take place.
True survivors, various species of bacteria
have adzpted to five and even thrive over this
entire range.

What explains these remarkable life-
favoring properties? Water owes many of its
virtues 10 the powerful hydrogen bonds that
it3 moizouizs form with cach other, and with
many surrounding substances. Hydrogen
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bonds elevate water's baifing paint, aliowing
waier 10 remain a liquid at temperaturas well
above those at which comaounds of similar
molecular weight become gases. For example,
hydrogen suifide (HaS) boils at a very cold
~60.7 °C, while hydragen selenide (HzSe)
boils at a somewhat warmer ~41.4 °C—both
well below the freezing point of water.

When it comes to the chemistry of living
things, water is & key part of the act. Philip
Ball, authos of Life’s Matrix: A Biography of
Water, describes water's role in living things
as unigue. In an interview published in Astro-
biolagy, he stated, “... we find that even for
the simplest organisms, many of the molecu-
lar interactions are faciliated by water in an
extremely fine-tuned way. I'm nat sure we

know of any soivent that can play a com-

parable role in terms of enabling the kind
of highly deficate chemistry that makes
life possibie.”
Here's an exampie.
Proteins are basic
building
materials
from which
living things
build strug-
fures that
may be as
delicate as a
MosHuito’s
wing or as
siurdyasa
weightlifter's bicap.
Proteins may also pe
complex enzymes—catalysis
that organize, regulate,
and enable the numer-
ous chemical reactions tha:
= %“’i must take place far aliving
thing to move, grow,
ey ek '?rf.- metabotize, and repro-
/j‘ = duce. But, for a protein
HE 10 work properly, it must not enly
7 have the right composition; it must alsc
have the right shape.
All proteins are polymers composed of
5 ghains of linked amine acids. Different pro-
& teins come with different shape-determining
g folding patterns. Shape matters. If a protein
% fplds the wrong way, it won't fit, it won't cat-
alyze, and in short, it wan't work. Genetic
mutations can eliminate, displace, or substi-
tute amino acids so as 1o change the way a
critical protein folds, The result is often an
unfortunate, sometimes fatal, genetic disease.
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But even a correctly constructed protein
can foid incorrectly. Sometimes temperature is
the factor. A cooked egg looks different from &
raw egg because the cooking has changed the
folding pattern of the egg proteins.

Water has a significant effect on protein
folding. Some amino acids have side chains,
which may be charged, polar, or elestricaily
neutrai, The charged and the polar side
chains form hydrogen bonds of varying
strengths with water, the neutral ones do not.
As a result, proteins tend to fold with the
charged and polar aming acids on the pro-
tein's surface.

Water's polarity is also critical to the
construction oqusls membranes, structures
that regulate tigiflow of materiais such as

., focd, waste, toxins, and ions in and out of
.+ gelis. Typical cell membranes are made up of

two layers of compounds calied "phospho-
fipids”. Each phospholipic has a poar “head"
capped by an ~NHz" group, and two nonpotar
hydrocarbon tails, Water on gither side of the
cell membrang draws the polar heads of each
layer, while the nonpolar hydrocarban tails
attract each other, helding the two layers of

. the membrang together. [n short, water keeps

‘the celt from falling apart.

What about

ammonia?

Because water's polarity is so imporiant
to life on Earth, exobiologists—biologists who
consider whether there is hfe beyond our
planet—iznd to dismiss the possibility that a
nonpolar solvent such as methane or gasoline
might bathe the machinery of fife. But some
suggest that fiquid ammonia could be the sol-
vent that makes life possible on some distant
planet, because ammonia has many chemical
similarities to water.

Ammonia and water—can efther be a solvent
of ite?

There is a whole system of organic and
ingrganic chemistry that takes piace in amma-
nia. In fact, ammonia dissolves most organics
23 well as or beftar than water, Uniiks walsr, i

into solution. Several other elements jike
indine, sulfur, selenium, and phosphorus are
also somewhat scluble in ammonia with mini-
mal reaction, And just like water, ammonia
{orms hydrogen bonds, and supports acid-
base chemistry.

Despite all of its impressive properties,
ammonia’s patential as life’s solvent is
doubted by many scientists. For one thing,
ammonia is 50 much less polar than water
that it would be far less effective than water in
holding cell membrane layers together. The
temperaturs—pressuee ranges for its solid, fig-
uid, and gaseous phases hold even less
promise.

At one atmosphere, the atmospheric
pressure at 5ea level on Earth, ammaonia is a
gas. It takes a frigid Arctic tempesature of
-33 =C to liquefy, and an even more frigid tem-

* “pefature of ~78 °C to freeze. The speed at

which fie processes take piace varies with
temperature, and s life in liguid ammonia

would be life in the very, very, VERY slow lane.

But let's think big. A larger planet, with
greater aimospheric pressure, could harber
figuid ammaonia at terresirial temperatures.
After all, melting and boiling peints depend on
both temperature and pressura, But problems
remain. Any planet containing ammenia is
fikaly to have even more waler, Why? Because
nitragen, the fourth most common element in
the universe, is not as common as oxygen.
Moreover, at temperatures and pressures
where Ho0 is stili a solid rock, ammonia
becomes a gas. As such, uitraviolet solar radi-
ation breaks it down, says David J. Stevenson
of the Califarnia institute of Technology. Alter-

+natively, ammonia gas cowld escape a smaller

planet’s gravity over millions of years, leaving
water behind.

Finally, on a pianet with a temperature—
sressure regime conducive to liguid ammenia,
ponds, lakes, and even oceans of ammania
could stili freeze solid in winter.

But wait! What if life evolved under-
ground on our distant planet? Maybe living off
same saurce of geothermal energy, as some
bacteria do far beneath the surface of the
ocean? Such life forms might enjoy a stable
thermal environment. It's also possible our
ammonia-based organisms might simply be
able 1o tolerate freezing, since ammonia ice—
unlike water ice—would not burst their ceils
by expanding.

Don’t be so

terracentric!

The general view is that ammonia is an
unlikely soivent and that cther, nonpalar sob-
vents are even more far-fetched. As a team,
carbon and water are "so powerful, it’s almost
inconceivable that there would be other forms
of life," says Eric Chaisson, professor of
physics and astronomy and director of the
Wright Center for Science Education, Tufts
University. “Silicon-based life in ammenia
would be unabie to compete with carbon-
based life in water”, but then he adds that !
can easily imagine under bizarre conditions of
temperature and pressure, carbon-based fife
in water would not emerge, so it's not incon-
ceivable that other forms of life could eke out

. avery creepy, crawly existence.”

But from our tiny corner of the Milky
Way galaxy—one galaxy in ar estimated
1,000,000,000,000—it's hard to get a univer-

_ sal perspective on the chemistry of life, says

Steve Benner, a chemist at the University of
Florida. He warns that "there is this problem
af "terracentricity' [facusing on Earth}, and
you see this all over the literature.”

In fact, life as we terracentrics know &,
has avercome problems that could easily be
seen as insurmountable to alien scientists of 3
ditferent chemical makeup. I¥'s fun t0 think of
them cut there somewhere, contempiating
these chemistry questicns from their own per-
spectives. No doubt they would guestion
whether life could svolve and thrive on a
panat with so much oxygen!

{xygen, so vilal 1o Earthiings. is aise
highly toxic, and our bodies expend a great
deal of energy protecting us from its ravages,
says Benner, “Life as it exists on Earth teday
could hardly have gotten starlad in the now
highly oxygenated atmasphere.

In fagt, thess alien chemists would have
a problem imagining water as being anything
other than a nuisance. As Benner puts it,
“Organic chemists do not do chemistry in
waler, as a rule, because there is too much
hydrogen bonding and too much reactivity in
water's oxygen.”

He suggests some thinking outside the
planet. Putting aside our watery views, we
might begin to imagine a world in which life
forms are swimming in nice cool seas of lig-
yid ammonia. A

can dissoive many elemental metals, including

. ! David Hollzman weites about science and technology for a variety of publications and fives in Lexington, MA,
sodium, magnesium, and aluminum, directly

(wvm.éaviddarling.infn/e{zcyclcpedia!alphindexa.mml}.
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thraugh the hele. It eventually
forms a'spike.” -

You've never seen them?
The reason could be refated to
the purity of your watar. Accerd-
ing 0 rasearch mentioned on the
Wel site SnowCrystals.com, the

ice spikes

Talk about your sirange, yet
ordinary things—ice spikes
are real oddities. It's aven possi-
bie you've seen them in a freezer
near you! They grow out of ice
cube trays,
ferming
curipus-
iGokING
peaks up to
5 cm high.
Under
the right
conditions,
icz spikes
Qrow as
water
freezes in an ice cube tray, Puta
tray in the freezer, and you will
netice that freezing begins at the
edges of the tray, As surface
freezing moves in fram the
20045, a 3mail hele can be
feft at the top of each
cube, At the same
time, the bettom and
sides of the cube
are also freezing. As
you know, when
water freezes, it
expands and
becomes Jess
dense. The pressure
from the expanding
ice forces the remain-
ing unfrozen water up

presence-of-even small amounts - ¢
of NaCl can reduce spike pro-
guction.

So how do you make
your own ice spikes? Buy
some distilied water and
fill up your ice

trays. H you can't
make ice spikes
after a few tries,

consider raising

the temperature

of your freezer

1o just below

freezing. Your
freezer might be
tog cold to allow
the formation of
spikes.
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centage of hemogiobia saturated
with oxygen. If oxygen satura-
tion falls below a predetermined
level, say 90%, an alarm bell
sounds to alers medical staff. A

Pulse oximeiry
f you've visited someene at

Izhe hospital recently, you
might have sgen a clip attacheg
1o their finger with a red light
coming cus of it. The clip is acty-
ally 2 probe attached to a8 moni-
ior that gives pulse rate, as weil
as the percentage of oxygenation
of the dlosd—important infor-
mation for a doctor to know
from mament to moment. This
noninvasive method is
known as pulse
oximetry.

How does
it work? Tha
probe shines
two wave-
lengths (650
and 805 nm)
of light
through the
finger, eariobe,
or foot of the
patient and detects
how much of the light
is absorhed. Hemoglohin—
the oxygen-carrying grotein in
blood (see "“The Sitent Killer” in
this issue}—absorbs light at dii-
ferent wavelengths depending on
whather oxygen is attached to it,
Measuring the absorption of
light at two wavelengths
enables a computer proces-
sor to quickly calculate the per-

The red glow comes from a
probe attached to & baby's
foot. Puise cximelry allows
doctors to continupusly
menilor percent bood
oxygenalion.
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