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Early atmosphere of Earth: 
1. First thin atmosphere composed of 

helium and hydrogen was lost

2. Volcanic out-gassing created a thicker 
atmosphere composed of a variety of 
gases ςreducing
ÅSulfur dioxide (SO2) 

ÅHydrogen sulfide (H2S) 

ÅCarbon Dioxide (CO2) and 
monoxide (CO)

ÅNitrogen (N2)

ÅHydrogen (H2)

ÅMethane (CH4)

ÅAmmonia (NH3)
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The synthesis of organic compounds on 
early Earth

The Oparin-Haldane Hypothesis: 
ÅIn a reducing atmosphere a 

range of organic compounds 
synthesized under supply of 
energy (lightning or UV).

ÅThese compounds get 
concentrated in the primordial 
soup => more complex 
polymers.



Urey-Miller experiment (1953)

ÅWater vapor enters artificial early 
Earth atmosphere and electrical 
discharge

ÅFormation of diversity of 
molecules:

ÅAmides

ÅCarboxylic acids

ÅAmino acids



ÅThe gas mixture they chose was 
too reducing (<H2, CH4)

ÅAlternative energy by UV 
radiation, geothermal heating, 
impact shock, cosmic rays

ÅShock pressures(asteroid & 
comet impacts) produce HCN, 
aldehydes and AA million times 
more efficient than UV

ÅVariants of the Urey-Miller 
experiment produce most of 
amino acids, purines, 
pyrimidines, and sugars

Urey-Miller experiment (1953)



Reaction pathways of prebiotic chemistry

Streckersynthesis ςamino 
acids from aldehyde, HCN 
and NH4

+

H2O

Glycolaldehyde Glyceraldehyde

Formosereaction

ÅHCNubiquitous in prebiotic 
reactions ςproduction of:
ÅNucleaobases

ÅAmino acids

ÅFormaldehydeat high 
concentrations and acidic 
conditions ςformation of sugars

ÅLightning can split N2 into NO or 
ammonia (volatiles present on 
early Earth) ςformation of 
nitrogenous compounds



Delivery of organic compounds from 
space

Å Carbon compounds identified in 
carbonaceous chrondrites

Å Glycine-glycine peptides found 
but no proteins

Å The extent significant: 1016ς1018

kg of material total estimated 
extraterrestrial delivery by 3.9 
Ga ago 

Å 6×1014 kg total organiccarbon
in life on Earth today



Life selected available compounds
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Spontaneous generation vs. 
germ theory

ÅNotion of spontaneous generation: abiotic 
material transformed into living matter

Å16thς19th ct experiments proving 
spontaneous generation or germ theory

ÅLouis tŀǎǘŜǳǊΩǎ experiment with swan-neck 
flasks: 
Åcontamination by airborne organisms

Åno spontaneous generation
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Origin of life

Central dogma of molecular 
biology: 

=> One dimensional information is 
transformed into a 3D structure of a 
chemically active molecule.

How did early molecules come together 
into a self-replicating organism?

a. How could nucleic acids appear 
without the enzymes to synthesize 
them?

b. How could enzymes exist without 
nucleic acids to direct their synthesis?


