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"Lessons from Biology: Astrobiology's
Past, Present, and Future”
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Three domains — Woese and Fox

Phylogenetic Tree of Life
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of the NAI

Collaborations.

Small number of colleges offered astrobiology
degrees.

* Greater appreciation for wholistic strategy for
understanding the evolution and life.
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What factors contributed to
the renewed interest?
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What factors contributed to
the renewed interest?




Space + Economy

* Lower costs for space travel.

* In a small metallic asteroid (1,000 meters), could
provide industry metals and platinum valued at
4,500,000,000,000 USD




Space +
Economy

* Larger asteroid like 16 Psych

* Contains Iron, nickel, gold,
platinum

* Enough iron nickel to cover
world’s needs for millions of
years.




What factors contributed to
the renewed interest?
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Rovers, private industry in space,
nternational cooperation, James Webb
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Opportunity's Parting Shot Was
a Beautiful Panorama




Rovers, private industry in space,
nternational cooperation, James Webb




Rovers, private industry in space,
nternational cooperation, James Webb




Webb’s Orbit

Earth’s Orbit




Competition



*Chang’e-n International Lunar Research Station (ILRS)

. project with Russia.

f *Development of a Mars sample return mission and a
&% Jupiter probe for launches around 2028 and 2030.

°In human spaceflight, construction of its three-module
space station by the end of 2022.
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https://spacenews.com/china-russia-reveal-roadmap-for-international-moon-base/

India

*Still sending lots of
satellites

*Historic first spacefarers to
orbit, 2021

* Chandrayaan-3, a rover on
the moon in 2022.
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Viore Telescopes In space (aetection or habltable worlds).



Charlie is handling the habitable planet issue so let’s discuss
“extremophiles”

* The resilience of life on our planet was informative!
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B|aCk SmOke I'S * The role of plate tectonics and ocean in ecosystems




* Shark Bay
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For the astroBIOLOGIST

* This meant a good definition of LIFE.

* (This is the difference in the way a cosmologist experiments and a
biologist experiments.)



All extant life has the following:

* DNA/RNA/Protein system of information

*Some kind of container (even viruses)



Original Articles

Vocabulary of Definitions of Life Suggests a
Definition

Edward N. Trifonov
Pages 259-266 | Received 17 Mar 2011J

. Life 1s self-
reproduction
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https://www.tandfonline.com/doi/abs/10.1080/073911011010524992
https://www.tandfonline.com/doi/abs/10.1080/073911011010524992
https://www.tandfonline.com/doi/abs/10.1080/073911011010524992

Current theories on how life got started here




Miller Urey Results




Microscopic

layers of clay

" Nucleotides undergoing
polymerization

RMNABREEDING GROUNDS

In the water solutions in which they formed, nucleotides

would have had little chance of combining intolong

~ strands able to store genetic information. But under the
right conditions—for example, if molecular adhesion :

- forces brought them close together between microscopic
layers of clay (above)—nucleotides might link up into

~ single strands similar to madern RNA. '

Life on Clay

*clay crystals preserve their structure as
they grow and stick together

*form areas exposed to different
environments and trap other molecules
along the way

*Can organise them into patterns much
like genes do now.



Emerging
life
@deep
sea vents

H, oxidatio
Fe reductio
S° reductio
Methanogenesis
Heterotrophy

Fe, Mn oxidation

100°C
200°C

300°C

Figure 2 | Hydrothermal vents. There are two main types of hydrothermal vent: the black smoker type (a,b) and the Lost
City type (c—e). a | A black smoker in the Faulty Towers complex in the Mothra hydrothermal field on the Endeavour Segment
of the Juan de Fuca Ridge. The tallest chimney rises 22 metres above the sea-floor. The *furry’ appearance of the chimneys
reflects the fact that the chimney walls are encrusted in dense communities of tube worms, scale worms, palm worms,




Life starts in ice...

> Icarus. 2000 Jun;145(2):609-13. doi: 10.1006/icar.2000.6365.

Prebiotic synthesis of adenine and amino acids under
Europa-like conditions

M Levy ', S L Miller, K Brinton, J L Bada

Collaborators, Affiliations + expand
PMID: 11543508 DOI: 10.1006/icar.2000.6365
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(Dates - approximate time before present in billions of years)
Timeline of events pertaining to the early history of life on Earth.
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Periodic Table

1

H

Hydrogen

Li

Lithium

11
Na

Sodium
19

K

Potassium
a7

Rb

Rubidium
55

Cs

Caesium
87

Fr

Francium

4

Be

Beryllium

Mg

Magnesi...

20

Ca

Calcium
38

Sr

Strontium
56

Ba

Barium
88

Ra

Radium

21

Sc

Scandium
39

Y

Yttrium
57

La

Lanthan...
89

Ac

Actinium

O Alkali metals

O Metalloids

O Actinides

22
Ti
Titanium
40

Zr

Zirconium
72

Hf

Hafnium
104

Rf

Rutherfo...

58

Ce

Cerium
20

Th

Thorium

23 24 25 26

V Cr Mn Fe
Vanadium Chromium Mangan... Iron
41 42 43 44

Nb Mo Tc Ru
Niobium Molybde... Techneti.. Ruthenium
73 74 75 76

Ta W Re Os
Tantalum Tungsten Rhenium Osmium
105 106 107 108

Db Sg Bh Hs
Dubnium Seaborg... Bohrium  Hassium
59 60 61 62

Pr Nd Pm Sm
Praseod... Neodym... Prometh... Samarium
a1 a2 93 94

Pa U Np Pu
Protacti.. Uranium MNeptunium Plutonium

O Alkaline earth metals
O Reactive nonmetals

O Unknown properties

27 28
Co Ni
Cobalt Nickel
45 46
Rh Pd
Rhodium  Palladium
T 78
Ir Pt
Iridium Platinum
109 110
Mt Ds
Meitneri.. Darmsta...
63 64
Eu Gd
Europium Gadolini...
85 96
Am Cm
Americium  Curium

29

Cu

Copper
47

Ag

Silver
79

Au

Gold
m

Rg

Roentge...

65

Tb

Terbium

Bk

Berkelium

30

Zn

Zinc
48

Cd

Cadmium

Hg

Mercury
12

Cn

Coperni...

66

Dy

Dyspros...

98

Cf

Californi...

O Transition metals

O Noble gases

‘B C N O

Boron
13

Al

Aluminium
31

Ga

Gallium
49

In

Indium
81

Tl

Thallium
TR

Nh

Nihonium

Ho

Holmium

Es

Einsteini...

Carbon

MSi

Silicon
32

Ge

Germani...

50

Sn

Tin

Pb

Lead
114

Fl

Flerovium

68
Er

Erbium
100

Fm

Fermium

Nitrogen
15

P

Phosph...
33

As

Arsenic
51

Sb

Antimony

83
Bi
Bismuth
118

Mc

Moscovi...

69
Tm
Thulium

101

Md

Mendele...

9
Oxygen Fluorine
16 17
Sulfur Chlarine
34 35
Se Br
Selenium  Bromine
52 53
Te |
Tellurium lodine
B4 B85
Po At
Polonium  Astatine
116 17
Lv Ts
Livermo... Tenness...
70 7
Yb | Lu
Yitterbium ) Lutetium
102 103

No Lr

Nobelium Lawrenc...

2

He

Helium
10

Ne

Neon
18

Ar

Argon
36

Kr

Krypton
54

Xe

Xenon
86

Rn

Radon
118

Og

Oganes...

O Post-transition metals

O Lanthanides



iochemistry

Type

Synopsis

Remarks

Alternative nucleic acids

/Alternative biochemistry

Different genetic storage

Xeno nucleic acids (XNA) may possibly be used in place of RNA or DNA. XNA is the general term for a nucleic acid with an altered sugar
backbone. Examples of XNA include TNA, which uses threose, HNA, which uses 1,5-anhydrohexitol, GNA, which uses glycol, CeNA, which uses
cyclohexene, LNA, which utilizes a form of ribose that contains an extra linkage between its 4' carbon and 2' oxygen, FANA, which uses
arabinose but with a single fluorine atom attached to its 2' carbon, and PNA, which uses, in place of sugar and phosphate, N-(2-aminoethyl)-
glycine units connected by peptide bonds.!® In comparison, Hachimoji DNA changes the base pairs instead of the backbone. These new base
pairs are P (2-Aminoimidazo(1,2a][1,3,5]triazin-4(1H)-one), Z (6-Amino-5-nitropyridin-2-one), B (Isoguanine), and S (rS = Isocytosinefor RNA,
dS = 1-Methylcytosine for DNA).P

Alternative-chiralitybiomolecules

/Alternative biochemistry

Mirror image biochemistry

Perhaps the least unusual alternative biochemistry would be one with differing chirality of its biomolecules. In known Earth-based life,

amino acids are almost universally of the L form and sugars are of the D form. Molecules using D amino acids or L sugars are possible, though
would be incompatible with organisms using the opposing chirality molecules. Gram-positive bacteria incorporate D Alanine into their
Peptidoglycan layer, created through the actions of Racemases!”!

/Ammonia biochemistry

Non-water solvents

IAmmonia-based life

Ammonia is relatively abundant in the universe and has chemical similarities to water. The possible role of liquid ammonia as an alternative
solvent for life is an idea that goes back at least to 1954, when J. B. S. Haldane raised the topic at a symposium about life's origin.

/Arsenic biochemistry

/Alternative biochemistry

Arsenic-based life

Arsenic, which is chemically similar to phosphorus, while poisonous for most life forms on Earth, is incorporated into the biochemistry of
some organisms.

Borane biochemistry (Organoboron chemistry)

/Alternative biochemistry

Boranes-based life

Boranes are dangerously explosive in Earth's atmosphere, but would be more stable in a reducing environment. Boron, however, is
exceedingly rare in the universe in comparison to its neighbours carbon, nitrogen, and oxygen. On the other hand, structures containing
alternating boron and nitrogen atoms share some properties with hydrocarbons.

Cosmic necklace-based biology

Nonplanetary life

Non-chemical life

In 2020, Luis A. Anchordoqu and Eugene M. Chudnovsky hypothesized that life composed of magnetic semipoles connected by cosmic strings
could evolve inside stars.®!

Dusty plasma-based biology

Nonplanetary life

Non-chemical life

In 2007, Vadim N. Tsytovich and colleagues proposed that lifelike behaviors could be exhibited by dust particles suspended in a plasma, under
conditions that might exist in space.®

Extremophiles

Alternative environment

Life in variable environments

It would be biochemically possible to sustain life in environments that are only periodically consistent with life as we know it.

Heteropoly acid biochemistry

/Alternative biochemistry

Heteropoly acid-based life

Various metals can form complex structures with oxygen, such as heteropoly acids.

Hydrogen fluoridebiochemistry

Non-water solvents

Hydrogen fluoride-based life

Hydrogen fluoride has been considered as a possible solvent for life by scientists such as Peter Sneath.

Hydrogen sulfidebiochemistry

Non-water solvents

Hydrogen sulfide-based life

Hydrogen sulfide is a chemical analog of water, but is less polar and a weaker inorganic solvent.

Methane biochemistry (Azotosome)

Non-water solvents

Methane-based life

Methane (CH,) is relatively abundant in the solar system and the universe, and is known to exist in liquid form on Titan, the largest moon of
Saturn. Though highly unlikely, it is considered to probably be possible for Titan to harbour life. If so, it will most likely be Methane-based life.

Non-green photosynthesizers

Other speculations

/Alternate plant life

Physicists have noted that, although photosynthesis on Earth generally involves green plants, a variety of other-colored plants could also
support photosynthesis, essential for most life on Earth, and that other colors might be preferred in places that receive a different mix of
stellar radiation than Earth. In particular, retinal is capable of, and has been observed to, perform photosynthesis.”! Bacteria capable of
photosynthesis are known as microbial rhodopsins. A plant or creature that uses retinal photosynthesis is always purple.

Shadow biosphere

Alternative environment

/A hidden life biosphere on Earth

A shadow biosphere is a hypothetical microbial biosphere of Earth that uses radically different biochemical and molecular processes than
currently known life.

Silicon biochemistry (Organosilicon)

/Alternative biochemistry

Silicon-based life

Like carbon, silicon can create molecules that are sufficiently large to carry biological information; however, the scope of possible silicon
chemistry is far more limited than that of carbon.

Silicon dioxidebiochemistry

Non-water solvents

Silicon dioxide-based life

Gerald Feinberg and Robert Shapiro have suggested that molten silicate rock could serve as a liquid medium for organisms with a chemistry
based on silicon, oxygen, and other elements such as aluminium.

Sulfur biochemistry

/Alternative biochemistry

Sulfur-based life
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Lessons from Biology:
Astrobiology's Past, Present,and
Future”

The biology in Astrobiology :
bottom up and top down
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