National Aeronautics and Space Administration

Life: What is it?
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do we find it?
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Thie “Buid” part s Important. It's very hard to transpost important substances. like nutrients or
metaboliles, from one place o anciher within @ sokd, and 4's hard lo contrel that iransport in &
gas. Liquids can do it wel

Viater has many qualfies
necessary for e mwmaummmummmm
such as DNA, proteins Blocks of callular it speec
up chemical reactions), and sugars (such as glucose, ammrmﬂm] orient

the proper carmy oul the cel
In crdes ko maint ar dryiny o oolsmmud
dssolved sals such &S calCM and potassium  Water has wonderul capabidities 1o dssolve the
nutrients and salts on which e depends, and the ability to move thess molecules int and out of
cols as it fows.

Water is the anty chemical compound that is found naturalty on Earth in all three physicel states =
@5 8 gas, a liqud. and a sold. This property aliows waiter to cycle theough svaporation,
‘condensation, and precpitation, bitsesn reservoirs in the cceans, on land, and in the air. Indeed,
‘walter i one of that can be bquid at the and pressures typical of
the Earih's surface (mercury and liquid ammonia are the others). Water will ramain iquid over an
‘extremely large range of temperatures, freezing at 0°C (32°F) and boiling at 100°C (2125F)
Adaing salt will lower the freezing temperature. and addng pressure can raise the boiling point,
incressing the range even more. Pius, il taies @ lot of enerpy 1o fese the tempersture of waler &
Eanth large vanatons

Al of which
mwmmhmrxmw

Some microblal and all multicelular i cn Earth depends on the waler wiwwﬂvllh

ancthar. 1mbmw and plants camy out
ww.o,lmcolnmeamlm

enesgy from the Sun. Thmg same microorganisms and planks can then consume the sugars they

of pholosyriness use the koht from e Sun and hquid water 1o remadel CO, from the

Life in Extreme Environments

O Eawth, be s found anywhere iquid waler is present. Crily in the past few decades have
‘scientists realizec hat “anywhere includes.

lakes, hydvothermal vents on the ocean Moo and porous cacks in deep subsurtace m; The

pressure, 100 dry, orwith 1o much radiason for s 1o exist

Faeﬂlnlo scienists have long known that microbial mats (lange colonies of microbes) are

the beautiful colors National Park's many hot springs.
mmluhmswmmnmlmmmnm Some hot sprngs are also
wxtremety ackdic, with gH lkevels In a few cases similar to that of stomach ackc. et e Srives In
‘and arcund them

In 1977, scierfists were sturned to discover around vernts on
the ocean fioor thousands of feet bekow s surface. The vents form where the Earth's csstal
dummkmww Mdlmmu: or magma, wells up alang fese cracks, forming long
undersea Seawaler 500ps nlo e rock at the
crchs, is heated, and shoots back upwand through vents nearty, enviched with minerals
distaived from e rocks alang the way.

Sesantists thought (M3A20°C, 235-248°F),
wummmmsamurnmmnmmmu and o
chemical brew typical near vents. trom
umwwmmmnw hmalwnnml mlavbﬁlvnnmm

e e

enviched water slow 1o & tickde for any reason, the creatures around the vent would soon de.

Lifefoms discovered at hydrothermal vents includs mwofnwvhﬂ.ﬂwﬂs. clams, shrimp,
aned gian kibeworma (hat can reach months.

source, the in the water

Ressarchers have also found bacteria in small pockets of liquid waler embedded twelve feet deep in

*solid” lake iog in the Mchurda Dry Valleys of These valleys are amang the coldest, driest

places on Earth, with avernge temperatures of =20°C (=3°F] and less than 10 centmeters (four inches) of

mlmnnwl( Small grains of cirt within the ice absorb suniight o mek small amcunts of the ice
e, provicng the loud water nesded o suppor ke The & also provides chemeal

nwlonulume in the lquid waler pockets during the

long Antarctic summer days.

The Rio Ti Spu fe. The river has a deep red

color, e red wine, murmamqmm s highty acide, with 8 pH of 2.0 in mest of
the river. mmmmmmmmﬁmmmmrwn«mmm
n the rocks around the fiver. Microbes use the

«chemical reacticrs that generate energy. mmmmm»mw
mmﬂl\-ﬂﬂld!ﬂmm

5 kilermeters below the surface in deep gok
mneaduﬂmiwnnd Basin in Scuth Africa. These thermagphilic (heat-loving) bacteria thrive in
‘cavities and cracks in rocks, living at hmmammmwcnmn Both bacteria and

WSW me develop tools b search for Ife in the subsurfoce of Mars

“Extreme” vs. “Normal”

Tommlllﬂ the conditions in which they iive ane “nomal” and *common * To them, the conditions.
i libs [moderate plenty of sunkight,
qumm:m'mm and deadly. “Normal” and “extreme” are relative terms,

Canditions that we think of as “exiremne” on Earth may be similar 1o what is “commaon” elsewbens in the
Solar System survives in ety P
nd

mem extremophiles have In common with the rest of us is that they. too, require liquid water to
ve. Consequenty, when scientisls think sbout non-earthly places where life may exist, they look for
mmmmmu 18 Mo OF 'wirs once a1 Soime e in the past

Life on Mars?

‘once leclonically active, even though its core is now 100 cold 1o support volcanic activity. These geclogical
mmmmaumhmemRm--wlmw-

o ray heave had a thicker, warmes

and bousd water stancing its surfoce. Could i d at that time? Did it find o
‘wity %0 adapt. evolve, and surdve the shift from modenate to sxdreme conditions? The frozen deserts of
Antarctica resembie the Mars of today. If ke can persist deep in the ice and in Earth's subsurface.
perhaps i sunvives in the permatrost or polar ice caps of Mars.

An Ocean on Europa?

Eurapa, & moon of Jupiler which is slightty smaller than Earth's Moon, is one of he smodthest abjects in
the Sclar System. Most sclentists think there s 2 liguid water ocean between 20 and 100 kiometers.
e suncaunding Europa’s racky inferion, and Mal the ccsan s o hum coversd by 8 layer of wabel oo &
few hilometers thick.

Few craters from metearite impacts Ntﬂsnw‘slcrmlm Evropa’s surface may be only a
few milicn years okd (on ry cralers are seen of can be
‘counied), Cracks and suaks erisscross Euwul uﬂm soormmnkwwm up thiough cracks
in the e caused by the granitational twisting of the ice sheet, creating the streaks observed on the
surtace.

Europa is deformad into a sighSy oval shape by Juplier's strong graviiational pull in much e same way
1he Meon's smalier gravitabonal pull causes the oceans o bulge In tides on the Earth. Eut Ewrcpa alse.
Tewls & granitational pull rom each of Jupiler's othes lammmmmomm
conflicting tugs causes Eurcpa 1o twist and flex as it orbits Jupiter. This tidal flexing has heated Europa’s
interion, and mary explain the ocean under the ice.

Acuricus analog 1o Elropa’s ice-cavered ocean can be found in Antarctica. n 1996, scentsts dscovered
eviderce af 8 bake of Ixquid waler deap undermeath th ion at Russia’s Vostok Station ~1,000 kibmeters
{000 mion) ko L il o, D Lk Vounk 1o viiod sl s 2,710 msors

{1 f ice and mary h jon years. Lske Vostok, about the
#4z¢ of Lake Ontario, um&wu:mwmnmmw Wi ~50 meters {~160 feet) of
secimeni al s o No coe knows  here i any in of e inLake Voslk. S fr. scnisls have nck

Titan's thick atmosphere

S Tian, Satumm's biggesl moon, i the crly moon in the Solar System with a thick atmosphere. Methane
clouds foat clase to the surface nmmummm~mml~lmmh:
above the ground, and a thin h il
end haze ety all sunbgh

These
.ISCPC 1292°F).

“‘l“m

The Cassini-Huygens spacecrafl, a jort effort of NASA, the European Space Agency, and the Ralan
WMW inserted inta Sahum's ot on June 30th. 200M4. The Huygens probe, released fram

24m, it 14, 2005, and
MWM“MMMWHMHW The prote revealed iﬁwmd
smooth. rounded

The
“penetrometer on the bottom of the probe sampled the surfoce and found it hos n:ounule-wof
wet sand of clay, covered by 8 fin onust.

s paviodic fiy-bys. kmages have
mammmrmsmmmsmsmommm with smeoth,
by flled wath bouid ‘wailer. Cassini
continues o Ilﬂﬁmxw-l wmnwﬂnwndmw\dwumknwm
equalor in Apeil, 2006
mamdmmmmmmmmmelmm

Impact of extremophiles

'ngemwmwmnenndh\m Eurcpa, and Titan may or may not harbor life. ¥We do not yet
ke, Fortunately,

ey may mmnmmmmuumm ‘and moons. For examgle,
scientists have drilled into the recks under Spain's Rio Tinto, looking for extremoghiles.
conditions thers may resamiie those on Mars, whers underground liquid water could exist amid
rocks rich in sulfur and ion ced i T

Impartant insight o the design of criling machines at could be sent to Mars in the uture,

Eantrily extremophiles have forever changed our view of ife and the condiions e neads 1o survive.
Their existence has proven that life can exist in o broad range Thesy have ailowed
scientists 1o axpand their ideas of whare 1o look fo life. |mmemmmmmw
when looking for lfe. Life leaves ch can detect - but
uwwmmuwmumm

HOW TO USE THIS POSTER

IN YOUR CLASSROOM

The front of poster illustrates - in words and pictures -
fur id i by biology: What is life?
Where is it? How de you find it?

.

Three activities have been developed to explore these themes:

- Activity | (in its entirety) is on the back of the poster

- Activities Il and IIl can be found on this website:
http://nai.arc.nasa.gov/poster

The back of this poster also contains a science background
narrative to support the activities,

All materials can be found on the website for easy downloading.

For more
nclude additional astmbnlm oumwlun matenals,

the following websites. They

Thee NASA Astrobeciogy Insthule The SETI Instiute Mot scape
nasa e hitp me ac

Image Credits: imeges of Mars, Eurcps and T LMl
Space Scence Systems, 3 SALPL . GOES Samiie
rage Tean rmpe ission from NOAA. Rio i by the Cantro
e Image of Ls hetspring. Park, by D J Pafterson,
B ¥ “seope Mdm-mwummnm

sy P roup, Montana wrman and Brandy Anglen, Freang
Chty Colege, images of Lugn goid ..MP'L . and Brung
Soffanting, Unkersty of Fhode istand,

Ceontent adapted frem "Life in the Universe” teaching guides, copyright: SETI Institute,

Activity 1
Life: What is it? Where is it?

Learning Objectives:

Students will be able o

« Explain the chamctenstics of kving things and the conditions neaded for ide.

- Lise logic Rplain why the study tothe
search for be on ciher planets.

Addressed:
mamdmm MMMMNMWWW|M
+ Scientfic st adners must be logically
consstent; nmmwu«mqm ft musd be open %o questions and possible

and it rmust be based

Student Prerequisites:

Eypically use criteria such as “movement.” “breathing,” reproduction.”
things are alive. Thus, some believe fire, duuds whmmamummmmmm
snimals are nonkving. (ed.

“movement,” WJWGWMWNWIMW manbon structural critena
("oels™) or biochemical characteristics CDNAT). This acthity specifically addresses this misconcepson.

Activity

1. Ausk students if they think there is ife slsewhese in the universe. Hmummnmumuccs
of Is nct life. [Answers will vary). Explain tat there is a field of scence called astroticlogy (write:
word on the board and explsn what 4 means — MMO‘IMWI‘\ Muwn drstnbuton, mmu
Iife i e urivarse: refer 1o
mmmgmngunqmgw-ynnmiulfemmnhm.ndnm lrdmmbdolfwllhzf
eed 1o understand the nature of ife

4.

, Ask shudents un can exst Students will ikely respond with the conditions.
aumumem-nm woemumw cygen 1o breathe, bquid water ko drink,
sunight, lke: those on hwnw-mmwdm

5t Ee: the board, noing that would find the e forms wih
which Ssdonts 878 prebably most familiar, SUch & 1663, e, and elophants. Vihen rishes, i e kst
“Conditions for Famdiar Life.”

ﬁmmm«mummnmywmm 3uch a5 ver (#g. e
SRS, - wnﬂnmnou.xamhe

deaﬂ"’ﬂ)\mm sl e slients sty Thew responses

, Distribute E: It Earthiy * Explain that ch ind

begun to study e In the Earth. Reod aloud or have students

read alowd the indormabon on the handcu. Nole that scee of the Bumbnail piclures on the handoul are e
SAMA (MAgeS A3 ARQeAr on the ront of the poster. Larger versons of tha thumbnad pcures can be

Discuss a3 o class how the ife forms d h Iie:
discussed aarker — \What would they eat? \What would they use for energy™ Do they reproduce? Refer o the

science background on the back of the poster for mone 1o support this discussion, if needed. Make
ummmmmmmmmmmum With student ingut based on the handoul, list
&, very hot and very cold lemperatures,
vuylﬂemn.wunw!. “orushing” um.m-ﬁ-ﬂwnmmmﬂn&nmdhﬂw
o)

On the board, draw a cirde around sach lis1, maiking sure they cvarap in the middie as in a Visnn diagram.
Referring 1o the two lists, ask studsnts what the extremaphiles” conditions. e in common with sach other and
weith caher “lamiliar® e, bke us (all require quid waler). Explain thal all kfe on Esrth requires liquid water st
‘some paint during its Ifetime. Please refer o the sclence background nasative (on the back of the poster or
dowriaadatie ) lof information 1 suppor this discussion. Use the space created by the overlapping circles. in
e Venn diagram io ilustrate that both familiar and extrarne (e require liquid water. If desired, have students
create the Venn the back of the: has ., comparning condiions that support
tamiki and extreme e cn Earh,

Faint cut that for extremophiies. the conditions that we consider “axtrema’ are ‘normal ” To tham. the condfons
i the surface of the Earth — moderale lemperatures, sea level air pressure, and cxygen in the air - are
entreme, taxe, and pal deadly. “Extreme’ is a relative term. If desired, colect

for assessment at the end of class.

2. Wrile the follewing quesSon on the board: How do you know if slive? E
EARnEioming sesson, stesning the dscussion to indude the kiea hat iving things: consist of one o
mmwmmmmnw»nmmwmm
products:

y scieniists ink about e and where it can
enal - Thevhavthadhmmlmammwumdmﬂmdmmmmm
Bbased on the new information Disuss s a class how studying

!anﬂhu'mw produce waste

definy chservable behy
mummmmmmwrwanmmmwm Wmlmlw
mmmmmulm Fnu*-lmil movemant alone dossn't rnder
something as Ining. an empty itis difficult
nmwmmuwdmmmmmw a wildfire appears b grow and produce
wsle products (COZ) us it consumes row materials (Wees and brush) and sppears o respond &o its
envircrement (changing directicn with the wind). but fire |s nct a ning thing. To define sometning as alive,
one must leok 8t mary charscienstics colectively.

Henonal Aaronases s Space Amevarmon
A Psiach: Covtod 1o02
ot Pk, £

e,
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the: search for ie on other planets, Steer the discussion to include the following
paents how e survives. tatinr
WMWMWMWMMM ZJWMWMWB “extreme” on
Earth are simiar to whal is “nomal™
mmmwmlmmmmen&memmmhmm
potentialy support ife; ond 4)
Wmmmuuwmwmmmmwm

Pounl cut that the held of
.mmmmmmmwmmm Mm what is life and where is 2.

Have students write a paragraph, either in class or as homework, MIMmm.mlihwwd
emm Earth imrparant o the search for e on olher planets? Swdents should menton
lsted abeve.
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Examples of Earthly Extremophiles

STUDENT HANDOUT
1 3 Cold = The McMurdo Dry Valleys in Antarctica are some of the.
cokdest, driest desents on Earh, with average annual
temperatures of -20°C (-4°F) and less than 10 centimeters (4
inches) of precipitation a year, Scientists have found bacteria in
liquid waler pockets embedded about twetve feel deep in "solid”
lake ice. Some of these bacteria use chemical nutrients from
particles of dirt in the o and use energy from sunlight for
phatasymthesis.

McMarda Dry Valleys
in Antarctica

Hot - Large concentrations of microbes thrive in Yellowstone
Maticnal Park's Grand Prismatic Springs, a hot spring with water
temperatures up to S0°C (188°F). Other hot springs in
Yeliowstone are sxtremely acidic. yet are home fo many diffarent
kirads of bacteria and microbes. Many of thesa microbes use
chemical nutrients in the waters and energy frem sunlight for
phatosynthess,

Deap - Sclentists have bacteria living
Inwmdwmel.'rlclomm below the surface in deep gold mines.
of tha Witwatersrand Basin in South Africa. These microbes thrive
in cavilies and cracks in rocks. Scienbsls also ane nvestigating
lifie within and belcw permalrest in northem Canada.

Bottom of the sea - Scientists have found abundant ife
clustered around hydrothermal vents on the acean fioor, including
bacteria, musssls, elams, shimp, and giant tubewerms that can
reach ten feet in length. Waber pouring out of the vents in the.
complete dariness thousands of feet under the suiace of the sea
can feach lemperalures of 113-120°C (235-248 oF). The high
pressures keep the water from boding. Baclena use chemicals in
the vent's wales, primarily hydrogen sulfide, as their energy
source instead of sunight, Other creatures survive by eating the
bacteria of each other,

Hydrothermal Vent
Thlach smoker”

High Acidity — The water in the Ris Tinta in southwastern Spain
is wery acidic, a result of chemical reactions between the waler
and iron and sulfur minerals in the ground. The mver has & desp
red color, Be wine, because of Won dessolved in the water,
Microbes living in the water use chemical reactions with ron and
sulfur minerals 1o generate the energy they need. Products from
these metabolic reactions contribute to the low pH in the
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I environment. Many aigee and fungi also live in the acidic waters.
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