Chapter.12 The Origin of Life

Perception of Time
· Age of universe
· 13, 700 Myr
· Count to:
· 1 million: approx. 11.5 days
· 1 billion: approx. 31 years (1 sec/number)

Age and Origin of Earth
· W/ application of radiometric dating technique based on decay of radioactive isotope, in the 1950s, it was determined that Earth was, approximately, 4,600 Myr
· The origin of the solar system (Kant 1724-1804; Laplace 1749-1827)
· Solar nebula
· Size = 100UA
· Astronomical units (UA) is defined as distance b/w Earth and Sun = 149 597 870 700 m
· Mass = 2-3 times that of the sun today
· Following action of diverse forces spread over 100 Myr, a protoplanetary disk was formed around a protostar (the sun)
· Center of nebula collapsed rapidly, eventually ignited and evolved into Sun
· In outer part of nebula gravity caused matter to condense around density perturbations and dust particles
· Rest of protoplanetary disk began separating into rings in a process that created successively larger fragments of dust and debris clumped together to form planets
· Accretion of materials (protoplanet) will form planets one after the other on outer rim
· We estimate that Earth was formed about 4,600 Myr years ago
· Asteroid 2005 Yu55
· On Nov. 8th, 2011 at 2328 TU, this asteroid passed at around 0,85 times the lunar distance, thus, 0,00217 UA or 325000 km of the Earth
· Comet Ison
· Photo taken on Nov. 6th, 2013
· After travelling at 1,000,000 km behind Sun, it disappears (melted)
· Young Earth 4,600 Myr (mass in fusion)
· Numerous asteroids and comet impacts
· Important volcanic activity
· Very high temp.
· There was a progressive cooling, the formation of an atmosphere and of the oceans
· After 500+ millions years of transformations, the terrestrial environment became more suitable for life
· Atmosphere: water vapour, carbon dioxide, ammonium and methane
· Age of old rocks:
· 4,000 Myr
· Oldest metamorphic rocks: Northwest Territories)
· 3,800-3,500 Myr
· Oldest sedimentary known (Isua group, Greenland) w/ traces of life

The Origin of Life
· Stromatolites: similar disk-shaped structures in the rocks composed of sediments deposited by many successive layers of bacteria (mainly cyanobacteria)
· Oparin and Haldane: biochemical theory of life (1920)
· Primitive atmosphere was an environment in which organic compounds could be produced from simple inorganic compounds
· Energy sources: lightning and ultraviolet
·  There would have been a series of organic chemical reactions that would have produced increasingly more complex molecules that would have acquired the capacity to absorb nutrients, grow and reproduce etc.
· Theory tested in 1950s
· Possible scenario in four stages:
1. Abiotic synthesis and accumulation of small organic molecules (monomers), such as amino acids or nitrogenous bases
· S.Miller (1930-2007) and H.Urey (1893-1981)
· 1953: replicate original atmospheric conditions and verify that complex organic molecules (e.g. amino acids) can be produced
· Results: production of amino acids and fatty acid chains
· Experimental conditions realistic?
· Recent analysis of other samples of Miller’s experiment:
· Atmospheres of volcanoes + steam: 17 amino acids
· (Observations made in 2008) atmospheres of volcanoes + hydrogen sulfide: 21 amino acids
· Other hypothesis:
· 4,500 My (Murchison meteorite) w/ amino acids, lipids, simple sugars and nitrogenous bases
· Warm hydrothermal vents
2. Joining of (small molecules) to form macromolecules, notably proteins and nucleic acids
· How to obtain macromolecules (polymers) from simple molecules (monomers):
· Proteins are polymers of amino acids
· Formation of polymers requires action of enzymes that didn’t exist at the time
· Amino acid solutions on very hot sand and clay (170℃) for many hours -> instant development (w/o enzymes) of unique polymers (proteinoid)
· Proteinoid: primitive catalysts for reactions on early Earth
3. Packaging of macromolecules into protocells, droplets w/ membranes that maintained an internal chemistry different from that of their surrounding
· All living organism is nothing more than a stack of complex molecules that must show:
· Replication (ability to pass information from one generation to another (genes))
· Metabolism: must be able to do chemical reactions (enzyme activity)
· Protocells: aggregate of molecules (e.g. lipid) spontaneously produced by abiotic means and surrounded by a membrane-like structure
· Reproduction and rudimentary metabolism (ex. liposomes)
· Liposomes: hydrophobic vesicles form a double membrane, capable of swelling or contract
· Membrane show selectivity for absorption of polymers
4. Origin of self-replicating molecules that eventually made inheritance possible
· Refresher on circulation of information in a cell
· A cell contains thousands of proteins (enzymes etc.)
· Enzymes are necessary in every step of cellular processes
· Thus, big question becomes: how can this system evolve when a product of the process (enzyme) is necessary to catalyze each step of the process?
· Cech and Altman (1982) discovered the ribozymes, RNA catalysts
· Strands of RNA used for protein synthesis, but also they were able to catalyze (slowly) some chemical reactions
· So they were potentially capable of synthesizing additional copies (replication) of these short strands of RNA provided that nucleotides were available
· It’s RNA world (replication and catalyze)
· We can imagine that once replication was possible, natural selection acted to eventually produce DNA (a more stable structure than RNA)

Geological Archives
· Eons > Eras > Periods > Epochs
· Animals w/ a skeleton
· Great oxygenation event (oxygen revolution)
· Oldest known rock

Mass Extinctions
· 5; but 3 over a short period of time
· Probable causes
1. Ordovician: sudden and intense glacial period
2. Permian: volcanic activity in Siberia
3. Cretaceous: asteroid impact
· Asteroid: 10 km of diameter
· Crater: 180 km of diameter
· Manicouagan Crater (210 Myrs)
· Pingualuit Crater (Northern Quebec)(1.4 Ma)
· Ecological impacts of mass extinctions
· Adaptive radiation and mass extinction
