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Our aim is to design and construct a protein-based artificial photosynthetic system that reduces carbon dioxide (CO2) and toxic halo-organic compounds within the robust and adaptable (βα)8 TIM-barrel protein structure.  The EutB subunit of the coenzyme B12 (adenosylcobalamin)-dependent enzyme, ethanolamine ammonia-lyase (EAL), from Salmonella typhimurium, was selected as the protein template.  The fully-reduced, CoI, forms of the native cobalamin (Cbl)  cofactor and a derivative, cobinamide (Cbi), formed by the removal of the α-axial dimethylbenzimidazole ligand of the cobalamin, possess relatively low redox potentials that are commensurate with reduction of CO2 and halo-organic compounds.  Titanium(III) citrate and pulsed laser-excited 5-deazariboflavin (5-DRF) were used to reduce Cbl or Cbi.  Ultra-violet/visible absorption spectroscopy was used to determine the oxidation state (CoIII, CoII, CoI) under anaerobic conditions in buffered aqueous solution (pH 7.5).  In solution, titanium(III) citrate reduces aquo-Cbl(III) to Cbl(I) on a minutes timescale (τ = 770 s) and aquo-Cbi(III) to Cbi(I) on a seconds timescale (τ = 17 s).  Cbl(III) can be photoreduced to Cbl(II) by 5-DRF, but not to Cbl(I).  Cbi can be photoreduced from the CoIII state to the CoI state by 5-DRF.  Upon introduction of CO2 to reduced Cbl or Cbi, no reduced products were detected in either system.  Observed reoxidation of reduced Cbl suggests the production of H2.  The products of de-halogenation of chloroacetonitrile (ClCH2CN) and carbon tetrachloride (CCl4) catalyzed by Cbl(II) and Cbi(I)  were monitored by using 13C-labelled reactants and 13C-NMR.  The results show that the halo-organic compounds were chemically transformed. Fundamental information about the use of cobalamin cofactors for CO2 and halo-alkane reduction are obtained, which identify factors that are critical to a practical protein-catalyst device.  

