Chapter 26) Early Earth and the Origin of Life p.516-523
· The Origin of Life

· The first cells may have originated by chemical evolution on a young Earth: an overview

· Resolving the Biogenesis Paradox

· spontaneous generation: idea of life emerging from inanimate material
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Louis Pasteur did experiments with broth whose results contradicted spontaneous generation

· biogenesis: principle that life arises from preexisting life

· A Four-Stage Hypothesis for the Origin of Life

· (1) abiotic synthesis of small organic molecules (like amino acids and nucleotides)

· (2) monomers joined into polymers (like proteins and nucleic acids)
· (3) molecules self-replicated, making inheritance possible

· (4) packaging of molecules into protobionts: droplets with membranes that have a different chemistry from outside surroundings

· Abiotic synthesis of organic monomers is a testable hypothesis

· primitive Earth favored chemical reactions that synthesized organic compounds from inorganic precursors – possible idea because early Earth did not have oxygen, so a reducing atmosphere would contribute to joining simple molecules (synthesis of these molecules required energy probably provided by lightning and UV radiation)

· Miller and Urey created an experiment by setting up an atmosphere in a flask like early Earth’s
· warm flask of water = primeval sea; atmosphere had H2O, H2, CH4, and NH3; sparks = lightning; condenser cooled the air, so rain falls back into the flask ( after a week, organic compounds were found in the solution
· organic compounds on Earth may be from space

· [image: image2.png]D Cold
‘water

Cooled water
containing
organic
compounds

Sample for
chemical analysis

‘Copyright © Pearson Education,Inc. publishing as Benjamin Cummings.



Laboratory simulations of early-Earth conditions have produced organic polymers
· if hypothesis is correct, polymers made from monomers should be able to be formed without enzymes and cellular equipment

· scientists found that when organic monomers come into contact with hot sand, clay, or rock, polymers are made
· RNA may have been the first genetic material

· scientists believe that RNA was the first hereditary material and acted as the first enzyme
· Molecular Replication in an RNA World

· short polymers of RNA, in a solution with monomers, can produce a copy of itself
· ribozymes: RNA catalysts that catalyze the synthesis of new RNA (protein enzymes are not the only catalysts)

· Natural Selection in an RNA World

· RNA has a genotype (nucleotide sequence) and phenotype (conformation)
· certain base sequences of RNA replicate better in particular environments (temperature, salt concentration, etc) ( RNA descendants will be a family of similar sequences (not exactly the same because of mutations)

· Protobionts can form by self-assembly

· protobionts: collection of abiotically produced molecules; maintain a chemical environment inside that is different than surroundings and exhibit metabolism and excitability
· droplets called liposomes (form from certain lipids, which organize into a bilayer at the drop’s surface, like cell membrane’s lipid bilayer

· protobionts can store energy as voltage across the membrane

· liposomes can engulf and release smaller liposomes
· Natural selection could refine protobionts containing hereditary information

· once RNA genes and polypeptide products were packaged in a membrane, they can evolve
· evolution led to DNA being the hereditary material because DNA is more stable
· Debate about the origin of life abounds

· some believe the abiotic synthesis of organic monomers was not necessary
· scientists question whether life began in shallow water and moist sediments or, a more recent idea, on the seafloor (deep sea vents)

· life may not only be restricted to Earth; other planets could have had life before Earth did or they will have life much later

· The Major Lineages of Life

· The five-kingdom system reflected increased knowledge of life’s diversity
· many people see life in two kingdoms – plants and animals, but Whittaker designed the five kingdoms of plantae, fungi, animalia, protista, and monera – this organization left protista as the group of life that did not fit into any of the other categories
· Arranging the diversity of life into the highest taxa is a work in progress

· three-domain system: Bacteria, Archaea, and Eukarya ( still not definite
· kingdom Protista still needs clarification
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