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In vivo redox and multistep biocatalysis coupled to hetero- and/or phototrophic
metabolism
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PURPOSE OF THE ABSTRACT
In  the  past  three  decades,  efficient  oxygenase  biocatalysis  concepts  have  been  developed  relying  on  the
metabolism of  living cells  of  heterotrophic organisms (e.g.  E.  coli  or  Pseudomonas)  [1,  2].  These organisms utilize
organic  compounds  such  as  glucose  as  source  of  carbon,  energy,  and  reduction  equivalents  which  implies  that
carbon and energy metabolism are coupled. As examples, in vivo cascades for monomer production and efficient
steroid hydroxylation in engineered Pseudomonads and E. coli, respectively, will be presented [3-7].
Phototrophic  organisms  on  the  other  hand  acquire  high-energy  reduction  equivalents  from  water  as  highly
attractive  electron  donner,  i.e.,  via  photosynthetic  water  oxidation,  and  thus  gained  interest  as  host  systems  for
redox  biocatalysis  [8,  9].  The  photosynthetic  light  reaction  provides  both  co-substrates  of  oxygenases,  i.e.,
electrons  and O2,  via  a  path  orthogonal  to  the  carbon metabolism.  The fast  photosynthetic  water  oxidation  thus
augurs well  for  resource-efficient  oxygenation and redox biocatalysis  in  general  (Figure 1).  We present  results  on
photosynthesis-driven  redox  reactions  catalyzed  by  recombinant  Synechocystis  sp.  PCC  6803,  on  their
dependency  on  the  phototrophic  metabolism  in  terms  of  electron  and  O2  supply,  as  well  as  on  reaction
engineering  options.  Light-driven  biocatalysis  based  on  a  CYP450 monooxygenase  [10,  11],  a  BVMO [12],  and  an
oxygen-tolerant  hydrogenase  will  be  highlighted.  The  latter  recently  has  successfully  been  introduced  into
Synechocystis with the perspective to enable photosynthetic H2 production [13].
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FIGURE 1
Figure 1
Light-driven biocatalysis based on cyanobacteria.

FIGURE 2
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