
Polynucleotide structure.  In DNA and RNA, the
phosphodiester bridges link the 3’-hydroxyl of 
one nucleotide to the 5’-hydroxyl of the next.





What are we made of?

The “Big Six” elements

H, C, N, O, P, S

What are the forms of these elements in “organic” matter?

What makes a compound “organic”?

Are all organic molecules formed from biological processes?

What are early sources of organic matter on Earth?

What is “life”?

When did life begin?



CH2OH CHO CHO

C=O HCOH CH2

HCOH HCOH HCOH

HCOH HCOH HCOH

CH2OH CH2OH CH2OH

D-ribulose D-ribose 2deoxy-D-ribose

The S  C sugars







The Initial Condition Problem

• Was the early Earth hot or cold?

• Was there NH3 in Earth’s atmosphere?

•What was the redox potential of the ocean?



The Amino Acid World

• Amino acids are stable for long periods even at relatively
high temperatures. However, the abiodic formation of amino
acids requires NH3

• NH3 was not stable in the Archean atmosphere



The RNA World

• Given a supply of ribose (a major caveat), RNA can self 
replicate. However, RNA stability is very much reduced 
at high temperature.



The Redox Reaction Hypothesis

• Oxidation/reduction reactions are catalyzed by transition 
metals independent of proteins.
• In a “Primordial Soup” with organic molecules, redox 
reactions can mediate “metabolic pathways” without organisms



Life is Electric

• All organisms derive energy for growth and maintenance 
by moving electrons from a substrate to a product.
• All substrates and products must ultimately be cycled.
• Biological processes are paired (e.g., photosynthesis and 
respiration)



Redox Reactions are Couple on a 
GLOBAL SCALE

Oxygenic Photosynthesis
2H2O + CO2 (CH2O)n + O2

Aerobic Respiration:

(CH2O)n + O2 2H2O + CO2

Q. Are photosynthesis and respiration balanced on a global scale?



Redox Reactions Are Coupled On

General Reaction

A(ox) +  n (e-) A(red)

B(red) – n (e-) B(ox)

Photosynthesis
2H2O + light 4H+ + 4e- + O2

CO2 + 4H+ + 4e- (CH2O) + H2O




















