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Why Is Life on other Worlds
Interesting?

The possibility of asecond genesis of life:
=> comparative biochemistry

= |ifeis common in the universe (yeah!)

Information about the early planetary environment
Relevant to the origin of life on Earth



Jets of H,O on Enceladus




Enceladus “Cold geyser” Model

H,O vapor plus ice particles
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Given liquid water on Enceladus
IS there:

e aplausible origin of life?

a plausible ecology?



Theories for the Origins of Life
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Plausible Ecologies

* The known laws of physics
energy from thermal gradients, electric fields, radiation

o My favorite “extremophile’ D. radiodurans
radiation resistance, salt tolerance, etc.

e Actual ecosystems
actual microbial ecosystems that require no light & no O,



Examples of ecologically isolated
microbial ecosystems
(no O,, no light, no organic input)

Only three examples are known:

Two are are based on H, from rock reactions
(H, + CO, — CH, + H,0O)

o Stevens, T.O. and J.P. McKinley 1995. Lithoautotrophic microbial
ecosystems in deep basalt aguifers, Science 270, 450-454.

o Chapelle, F.H., K. O'Nelll, P.M. Bradley, B.A. Methe, S.A. Ciufo,
L.L. Knobel, and D.R. Lovley 2002. A hydrogen-based subsurface
microbial community dominated by methanogens, Nature 415, 312-
315.

One based on radioactive decay

 Lin,L.-H., eta. 2006. Long-Term Sustainability of a High-Energy,
Low-Diversity Crustal Biome, Science 314, 479-482
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Lin et a. 2006, dlide courtesy of T. Kieft



Thermal processing, T>500°C: CH,+H,O — H, + CO,
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Stardust flys through the Plume of
Enceladus for a Sample Return Mission




If we find organic material
In the plume of Enceladus
(or Europa & Mars) how
can wetdll If It was ever
alive?

If its like us then easy, less interesting
If i1ts alien then hard, but interesting



The Lego® Principle

*Biology 1s largely built from on a small
number of components (Lehninger, 1975):
-20 L amino acids
-5 nucleotide bases
-few D sugars, etc.

Likely a common property of biology
(and mass-produced children’s toys)

throughout the universe.
McKay 2004 PLoS Biol 2(9)1260-12623



The Primordial Biomolecules

The amino acids (in un-lonized form)
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relative number

Abiotic distributions are smooth
Biotic distributions are spiked

biological

abiotic

type of molecule

McKay 2004 PLoS Biol 2(9)1260-12623



Abiotic distributions are smooth
Biotic distributions are spiked

biological
alien

abiotic

relative number

type of molecule

McKay 2004 PLoS Biol 2(9)1260-12623



Titan’s haze and clouds




Comparing Titan and Earth

Property

Gravity
Pressure

Atmosphere

Clouds & Rain
Greenhouse

Temperature

Rotation

Solar Orbit

Titan
117

1.5 atm

N,, CH,,
CH,, C,H;
N,, CH, H,
-180°C

16 days

30 years

Earth
1

1 atm

N,, O, CO,
H,O

CO,, H,0
+15°0

1 day

1 year



Water storage in Water storage in the atmosphere \ Condensation
ice and snow _ s, B
- ) 7 'ﬁ Sublimation <
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Methane Cycle

CH;-N; Clouds

Condensate Haze

Probe
Organic Dunes

Pressure, Bar




Known composition of Titan’s Atmosphere
Minor gases

Major gases

N, 95-99%
CH, 1-5%
H, 0.1%
Ar 40 ppm

Surface pressure 1.5 atm
Surface temperature 95 K
-180°C

C,H,
C,H,
C,H,
C,H,
C.H,
C.H,
CH,C,H
HCN
HC,CN
C,N,
CO,

CO

20 ppm
5-20 ppm

2 ppm

400 ppb

30 ppb

0.4 ppb

30 ppb

20 ppm
10-1000 ppb
10-100 ppb

10 ppb




Laboratory simulations of Titan’s atmospheric haze:
90%N, 10%CH, subjected to electrical spark.




Warning: this world contains

compounds known to the
State of California to cause cancer




Titan mystery #6

Are there aliens?




Possibllities for Widespread Life on Titan

Earth Titan
Carbon based Carbon based
Liquid H,0O Liquid CH,

Widespread ??



Could there be methane life on Titan? ©

Table 1. Free Energies of Hydrogenation on Titan

Reaction AG (kcal/mole)
C,H; + 3H,; =2CH4 80
C,Hg + H, = 2CH4 15
R-CH; + H, =R + CHy4 13
Earth
CO, + Hy= CH4+ H,0 >10

AG = AH — TAS +RT In(Q)

McKay and Smith, Icarus, 2005



H, consuming life on Titan would deplete H, at the surface
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The Huygens Probe would detect a depletion of H,
which would strongly indicate biological consumption

A
20

The Probe GCMS
can detect H2 but
the carrier gas is
HZ ...

so it will take more
calibration.
Answers expected
next year.

no life
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