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Prebiotic mixture of chemicals

Origin of life

20 L - 𝛼 - amino acids
5 D – nucleotides

Podlech, J. (2001). Origin of organic molecules and biomolecular homochirality. 
Cellular and Molecular Life Sciences, 58(1), 44–60. 



Chirality
L-amino acids – enriched by meteorites

D - sugars (also in nucleotides) –
enriched by L - amino acids

Pizzarello, S., Schrader, D. L., Monroe, A. A., & Lauretta, D. S. (2012). Large enantiomeric 
excesses in primitive meteorites and the diverse effects of water in cosmochemical evolution. 
PNAS, 109(30), 11949–11954. https://doi.org/10.1073/pnas.1204865109



Amino acids
Biological Alternatives

Amino acid hydroxy acids, thio acids, amino sulfonic- or 
amino phosphinic acids

Residues at the alpha carbon b-, g-, or d-amino acids, or other dervatives

20 exactly More or less than 20

Our specific set of 20 Other amino acids that were available 
prebiotically

Constraints on origin of amino acids:
• Prebiotic availability
• Metabolic accessibility/compatibility
• Evolutionary history/functional utility



Prebiotic amino acids
Standard
Dialkyl-amino acid
b- g- substituted
Non-standard
Amino substituted

Cleaves, H. J. (2010). The origin of the biologically coded amino acids. J. Theor. Biol., 
263(4), 490–498. https://doi.org/http://dx.doi.org/10.1016/j.jtbi.2009.12.014



Reduced alphabet
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More complex amino acids were likely selected based on other criteria (not prebiotic
availability), possibly with later adaptation into biochemistry
• Sulfur containing
• Aromatics
• Nitrogen containing
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Meteorite
Spark discharge

HCN polymerization



Nucleic acid structure
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Natural 
xNA

• Modification of expression
• Timing replication
• Controlling DNA transposition
• Protect from host degradation
• Regulation of repair



Why ribose?
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Wei, C. Y., & Pohorille, A. (2009). Permeation of Membranes by Ribose and Its Diastereomers. 
JACS, 131(29), 10237–10245.



Why ribose?
Carbons
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Alternative Sugars

Sugar subsitution:
1. Locked NA
2. Glycerol NA
3. Threose NA
4. Hexose NA
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Expanding the genetic 
code 



Phosphate modification
Oxygen-substitution generates 
chirality
• Boron
• Sulfur
• Selenium
• Hydrogen
Improves stability in vivo



Possible modifications



How did life choose?

Prebiotic selection:
Availability
Stability of monomers
Stability of polymers

Biotic selection:
Cost of biosynthesis
Increased functionality

Would it choose these twice?


