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The synthesis of organic compounds on
early Earth

Early atmospheref Earth:

1. First thinatmosphere composedf
helium and hydrogen was lost

2. Volcanic owgassing created thicker
atmosphere composed a@f varietyof
gaseg; reducing

A Sulfurdioxide (SQ
A Hydrogensulfide (HS)

A CarbonDioxide CQ) and
monoxide (CO)

A Nitrogen (N)

A Hydrogen (5
A Methane(CH)
A Ammonia(NH,)




The synthesis of organic compounds on
early Earth

TheOparinHaldane Hypothesis

Aln a reducing atmosphere a
rangeof organic compounds
synthesized under suppbf
energy(lightningor UV).

AThesecompounds get
concentrated in therimordial
sSoup => more complex
polymers.




Urey-Miller experiment(1953)

AWater vapor enters artificial early
Earth atmosphere and electrical
discharge

AFormation of diversity of
molecules:

AAmides
ACarboxylic acids
AAmino acids
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Urey-Miller experiment(1953)

AThe gas mixture they chose was
too reducing (<K CH)

AAlternative energy bV
radiation, geothermal heating,
Impact shock, cosmic rays

AShock pressurgsisteroid &
comet impacts) produce HCN,
aldehydes and AA million times
more efficient than UV

AVariantsof the Urey-Miller
experiment produce mosif
aminoacids,purines
pyrimidines, andugars
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Reaction pathways of prebiotic chemistry

AHCNubiquitous inprebiotic
reactionsg production of:
A Nucleaobases
A Amino acids

AFormaldehydeat high
concentrations and acidic
conditionsc formation of sugars

ALightning can split Ninto NO or
ammonia (volatiles present on
early Earth); formation of
nitrogenous compounds

Streckersynthesis¢ amino
acids from aldehyde, HCN
and NH*
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Delivery of organic compounds from

space

A Carbon compounds identifieth
carbonaceoughrondrites

A Glycineglycine peptides found
but no proteins

A The extent significant: 16108
kg of material total estimated
extraterrestrial deliveryoy 3.9
Ga ago

A 6x10' kgtotal organiccarbon
In life on Earthoday

Concentration
(ppm; unless

Compound specified)
Macromolecular material 1.45%
Amino acids 60
Purines 1.2
Pyrimidines (uracil and thymine) 0.06
Ketones 16
Aldehydes 11
Alcohols 11
Aliphatic hydrocarbons 12-35
Aromatic hydrocarbons 15-28
Sulfonic acids 67
Phosphonic acids 1.5
Carboxylic acids 372.3
Sugar-related compounds ~60
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L-ghtamine (Gin, Q)

Layrosine (Tyr, ¥)
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Ltrypteghan (Trp, W)
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Spontaneous generation vs.
germ theory - .

ANotion of spontaneougieneration:abiotic
material transformed intoliving matter

A16hc19M ct experiments proving
spontaneous generation or germ theory

ALouist | & (i &peNdeat with swameck
flasks:
Acontaminationby airborne organisms
Ano spontaneous generation




Life timeline

Hadean Eon Archaean Eon Proterozoic Eon Phanerozoic
4,600-3,800 3,800-2,500 2,500-540 Eon
540-0
Big Bang Origin of g&ess : Oxygen in Multicelled Land
14,000 Earth 4 200 atmosphere animals plants
4,600 ; 2,400 600 430
- 14,000 5,000 . 3,000 2,000 1,000 0
Million | | | | | : \
years 7
= t 1
3,800 3.000 1,800 1.000 420 Humans
Origin Photosynthesis Eukaryotes Multicelled Land
of life by cyanobac'eria a'gae animals
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Origin of life

Centraldogma of molecular
biology.

=>0ne dimensional information is
transformed into a 3D structure of a
chemically active molecule

How didearly moleculescome together

Into a selfreplicating organism?

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

b. Howcould enzymes exist without
nucleic acids to direct their synthesisl?




