April 12, 2012

CO-EVOLUTION and PHYSICAL AND CHEMICAL FOR S
THAT SHAPE LIFE

- DKN (microbial focus)

- - How do we search for life (continued...)
* . - On a planetary scale, what biosignatures does life leave?
~ - What key principle underpins such biosignatures?

i\ MMN (larger organism focus)
| - How has the abiotic world shaped form and function of
multicellular organisms?  @ujx2
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Prof. John Johnson is on the hunt for Exoplanets

1. There are many more small planets
than large planets in the galaxy.

2. As many as 1-3 small planets per
star.

3. 25% of stars have an Earth-mass
planet with orbital period < 50 days.
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Can we define generic “biosignatures” that could help us search for life on
other planets? What would you look for if you were the chief scientist?
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Sometimes Mars comes to us, so we have a head start...
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Sometimes Mars comes to us, so we have a head start...
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Search for Past Life on Mars:
Possible Relic Biogenic Activity
in Martian Meteorite ALH84001

David S. McKay, Everett K. Gibson Jr.,
Kathie L. Thomas-Keprta, Hojatollah Vali,
Christopher S. Romanek, Simon J. Clemett,
Xavier D. F. Chillier, Claude R. Maechling, Richard N. Zare

Fresh fracture surfaces of the martian meteorite ALHB4001 contain abundant polycyclic
aromatic hydrocarbons (PAHs). These fresh fracture surfaces also display carbonate
globules. Contamination studies suggest that the PAHs are indigenous to the meteorite.
High-resolution scanning and transmission alectron mlcrascopy study of surface tex-
tures and internal structures of 5_;‘,?5_ Casoare sa show that the globules
contain fine-grained, secondary phases o gle-domain magneti IT_ and Fe-sulfides. The
carbonate globules are similar in texture al te Jbacterially induced
carbonate precl itates. Although inorganic farmahan possrble, formation of the glob-
Id explain many of thle observed features, including the
ite globules, and their Associated secondary mineral phas-
& fossil remains of afpast martian biota.

5 Science, 1996
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What do you think?
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Extra credit challenge (worth 2 correct iClicker questions)

What configuration of magnetite (chains or clumps) do you think is
energetically preferred in the absence of life? (i.e. what would happen
to the magnetite in M. magneticum if you dissolved its membranes
and proteins?)

Based on what you have learned in Ph 1c, discuss qualitatively /
and/or quantitatively.

How does this affect your thinking about whether the magnetite in @
ALHB8001 is a robust biosignature?

You can ask TAs for general guidance and collaborate with your

fellow students, but what you turn in must be in your own hand.

—
e

Turn in at the beginning of class next Tuesday.
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Life Detection: Let's ground-truth this discussion with the Earth

What features of Earth that are linked to life (i.e. necessary for it
or a product of it) that you can see from space?
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Prospects for ‘Weird Life’?

Water = Polar solvent.

Could life ‘work’ in a non-polar solvent!
For instance, the liquid methane and
ethane lakes of Saturn's moon Titan!?

» +—— Titan

Huygens lander image of
what may have been a
methane river basin. The
rocks of water ice are =10
CITY ACFOSE.

methanalethane lakes

Images: NASAS|PL/ESA
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Life Detection: Let's ground-truth this discussion with the Earth

Planetary spectra
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NASA SeaWiffs Movie
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Is O, a Robust Biosignature? WBDGQ’\)

i.e. If you don't detect O,, does that mean there isn't life?
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Complex combination of physical, chemical and biological processes

set the planetary redox state. This can (and has!) changed through time.
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e 4 e When did oxygenic photosynthesis evolve?

A 4 3 2 1 0
Billions of Years Ago (109)
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chttﬂi"h' Amd+co > A, +CH,0

A =H, S, Fe(ll), H,Os

Billions of Years Ago (109)
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When did O, accumulate to the present atmospheric level (PAL)?
Was CH, an early Earth biosignature?
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Concept of BIOGEOCHEMICAL DISQUILIBRIUM: predictable layered
sequence of metabolites
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BIOGEOCHEMICAL DISEQUILIBRIUM

plays by thermodynamic rules & drnsv3

ow potential (-) pE(W)
~7Redox couples: d“‘{% - : ™
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Redox reaction:

l-cO,~~CH,0

H*»H,
N, NH;
CO,»CH,
S .»H.S

1 i SO -»=H 5
A(4 ¥ m{ - AG}‘ + B(-J Fe! = FelOH), @»hﬁ'
e
aJ A oxidution reduction
[ W &’a[m NH - NO NO; = NH
reudend  ocdar s TR N 5
- Gaoing downhill (low to high Ma2+ 5 M), Ma0, ™ Mo
P CO - €Oy CO,*C0
potential) generates energy 7
Ne=NO, NOj =N,
=> Going uphill (high to low potential) H,0->0, R 0, H,0
requires energy

Kirschvink and Kopf, Royal Society Trans. L High potential (+)
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Thermodynamic underpinning:

From physics, recall:
energy change = electric charge x voltage difference

j:C.X\/

In biology, we can express this as:

Gibbs free energy Aq = Jﬂ F L E

n = number of electrons transferred from reductant (e- donor) to
oxidant (e- acceptor)

F = Farady's constant (96,500 C x mol')

AE = difference in potential between reductant and oxidant

Pule, MmO 4G, fenesy

Week 45
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CO-EVOLUTION and PHYSICAL AND CHEMICAL FORCES -
THAT SHAPE LIFE

DKN TAKE HOME MESSAGES

- ) How do we search fo:étf:'lls?ntm d.gﬂ)}?(, dl{af W
o 1Geobrle)” 784/#\@6"‘:{"”1

¢ ' - Ona planetary scale, what biosignatures does life leave?

—-pho\zo!yn plg;tumﬁj

o - What key pn ciple underplns such biosignatures?
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CO-EVOLUTION and PHYSICAL AND CHEMICAL FOR
THAT SHAPE LIFE

- DKN (illustrating using microbes)

How do we search for life (continued from Tuesday)
On a planetary scale, what biosignatures does life leave?
What key principle is behind this?

; b MMN (illustrating using larger organisms)
How has the abiotic world shaped form and function of
multicellular organisms?
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Adaptations to aquatic vs. terrestrial (vs. aerial) existence:

Supporting the body
Exchanging O, and CO,
o Reproducing

Avoiding desiccation
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Forces acting on bmloqncal svstems
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Forces that shape biological systems:
compression  tension bending

shear

torsion
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Perhaps, the most striking difference between water and air?
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Compare a pine tree and kelp:
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Forces acting on biological systems:

compression  tension bending shear

Principal forces in air: :
WSS

Principal forces in water: {oua.

s
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torsion
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Structural members strained principally in:
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Plants — investment in supportive materials

Intracellular material
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Animals — structure/function of the skeieto in:
1. feeding

in water— (IJCAMPRESSLBLE

in air — (‘})Mﬁﬁ?l B(E ( W)

X 2. locomotian - ~ _ o |
: in water—“mr&pk? oAt 1
$ e \\
> on land - Uﬂﬁ/(w& W %ngm/tﬂ) W}




April 12, 2012

Cheetah
House cat
Human

(Michael Johnson)

Tiger beetle
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Adaptations to aquatic vs. terrestrial (vs. aerial) existence:

*Supporting the body
Exchanging O, and CO,
*Reproducing

Avoiding desiccation
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Reproductive ‘Strategy
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Evolution in Reproductive ‘Stategy’ - Plants

In plant evolution:

DOMUASCE v 5N
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' Animals — Reproductive Strategy |

proades s
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lAnimaIs — Reproductive Strategy |

‘broadcast’ spawning
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Take-home message:

The presence or absence of an aqueous environment
has been a key driver of evolutionary selection
pressure on the form and function of multicellular
Eukarya.




