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e.g. Methanococcus jannaschii live anaerobically in hydrothermal vents at 94°C & 2600 m (200 atm)
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Inferring characteristics.....

* DNA
* DNA polymerase for replication
* DNA-dependent RNA polymerase for ftranscription

* Elaborate translational machinery (ribosomes, tRNA's)
* Elaborate metabolism (AA-, nucleotide-, coenzyme synthesis)

* Circular chromosome
* Some genes organized into operons
* Probably no introns & organelles (Eu only)

Universal traits ~ (b)  Bacterial / Archaeal (c) Bacterial / Eukaryotic
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Where? H, for Life

* Panspermia - universe > earth

* arose in another solar system & traveled through interstellar space
* was placed here by an ET intelligence

* arose on another planet within our solar system ...

Mars Lander - evidence of H,0 /'

- gases released by bacteria ?

Carbonate crystals (need Hz0 to form) &
fossilized bacteria in meteorite 2X

Galileo photos of Europa (a moon of Jupiter)
water & volcanoes J

Survival - Bacillus subtilis expts (spores) X
- Streptococcus mitis (shielded)
+2 yrs on moon

* arose on earth
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Mars Rover at Victoria Crater (730 m)

Miller 1983
carbon dioxide, nitrogen

Bada 2007
> nitrites, acidic soln
+ iron, carbonate minerals

Debate continues....
Abiogenesis wiki

e.g. Martin Nowak & Hisashi Ohtsuki (2008) Prevolutionary
dynamics and the origin of evolution. Proceedings of the National
Academy of Sciences

Oparin-Haldane Model (1920's)

NH,
‘prebiotic soup’ N
1) Assemble simple molecules into 7 SN
Ho0 building blo(?ks for complex polymers N ‘ ) Amino acids
HCN co, (reducing atmosphere) o ° N "
I o
Np 0-P-0 | 4
| HgN*—C —C

H; NH. . . . -

2 % proteins, nucleic acids O HO OH I AN
2) Assemble polymers that can store CH3

information and catalyze reactions

Nucleotides

Self-assembled, self-replicating

3) Add membranes and
3" an energy source to
make a living organism

Proteins

N*Hg
Copyright © 2004 Pearson Prentice Hall, Inc.

2. Assemble organic molecules into polymers

Probably done?

Solution: minerals catalyse
joining of reactive
nucleotides into polymers

Problem: rapid hydrolysis

1. Assemble organic molecules

Tungsten electrodes
(connected to Tesla coil)

&=—1— Spark discharge
S-liter flask methne’ ammonia,

Gaseous mixture

i enonor hydrogen, water vapor

Aqueous medium

Bolling water containing organic
Traplor  COmpounds
withdrawing

sample

Miller-Urey expt

3. Assemble polymers into self-replicating organisms...

* RNA-world hypothesis
(Walter Gilbert, 1986)

* Ribozymes - catalyze enzymatic
reactions (Czech & Altman, 1986)

* Lipids & polypeptide self-assembly
=> bilayers (microspheres)




Conceptual model of a heterotrophic protocell

"..The permeability properties of prebiotically plausible membranes
suggest that primitive protocells could have acquired complex
nutrients from their environment in the absence of any
macromolecular transport machinery: that is, they could have been
obligate heterotrophs.”

Mansey et al 2008 Template-directed synthesis of a
genetic polymer in a model protocell. Nature
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Symbiotic Hypothesis (Margulis 1970)
- through invasion of an early eukaryotic cell

Origin of introns

Distribution: unique to eukaryotes

‘Introns-late’ or 'Introns-early?

Function: none?
promote gene diversity by exon shuffling?

Evidence:
Transposable elements widespread in E
Transcription & translation separate in E
Universal tree consistent with Introns-late
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Serial Endosymbiosis Theory
Lynn Margulis (1967)

Isolation of a 250 million-year-old bacterium from a
primary salt crystal (Vreeland et al.,2000 Nature 407)




Traces of animal life have been
found in rocks dating back 635
million years

New methods - detect breakdown
products of lipids (cholestranes)

=> Porifera ecologically impt then

Small colonies & bodies (mm)

o
Oma

Predates end of “snowball earth” =>?

Ancient sponges leave their mark (2009)

25



