Prebiotic phosphorylation through phosphorus radicals

Matthew A. Pasek

Lunar and Planetary Lab

University of Arizona

1629 E University Blvd Tucson AZ 85721

USA

mpasek@lpl.arizona.edu
Jason P. Dworkin

Goddard Center for Astrobiology, Code 691

NASA Goddard Space Flight Center

USA

Dante Lauretta

Lunar and Planetary Lab

University of Arizona

USA

Phosphorus is a key element of life, especially metabolism.  Understanding the origin of organophosphorus molecules helps constrain the origin of life.  We present a reaction pathway that uses the phosphorus radicals ·PO32- and ·OPO32- to phosphorylate organic compounds.  Corrosion of the meteoritic mineral schreibersite, (Fe,Ni)3P, in a solution of water and acetate produces these radicals in addition to hydrogen, hydroxyl, and organic radicals.  Phosphite and hydroxyl radicals from Fe3P corrosion are detected by ESR methods.  Both C-P and C-O-P linkages are observed in solution by NMR and ES TOF-HR-MS methods at an abundance of ~2% of total dissolved phosphorus.
These linkages are formed via radical termination reactions and analogs of the reaction products are in the organic inventory of the meteorite Murchison (Cooper et al. 1992).  The majority of the products produced through schreibersite corrosion are inorganic phosphorus salts (Pasek and Lauretta 2005) including polyphosphates, and we estimate a total production of organophosphorus molecules at 106 kg per year during the late heavy bombardment period. 
This prebiotic phosphorylation pathway overcomes the difficulties associated with orthophosphate condensation reactions.  Condensation reactions require an external energy source, typically heat, and proceed through loss of water which is thermodynamically unfavorable in aqueous systems.  The radical reaction above occurs readily at room temperature in water and may have primed early Earth with organophosphorus compounds.
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