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PURPOSE OF THE ABSTRACT
Tungsten aldehyde oxidoreductase/ hydrogenase forms an enzymatic decorated protein nanowire 
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The  multi-subunit  aldehyde  oxidoreductase  from  the  denitrifying  betaproteobacterium  Aromatoleum  aromaticum
(AORAa) catalyzes the reversible oxidation of aldehydes to carboxylic acids with electron acceptors like NAD+ or
viologens  (1).  Recently  we showed the  ability  of  AORAa to  use  hydrogen as  an  electron  donor  for  acid  or  NAD+
reduction, which was not shown before for any tungsten enzyme and qualifies AOR as a new type of hydrogenase
(2). Although the catalytic W-containing subunit (AorB) is highly similar to AOR from Pyrococcus furiosus (pdb code
1AOR), AORAa also contains an additional FeS cluster-rich polyferredoxin-like subunit (AorA) and a FAD-containing
subunit (AorC).

Recently, we resolved the first molecular structure of AORAa, with a global resolution of 3.22 Å using cryo-electron
microscopy  (3).  The  study  resulted  in  the  molecular  structure  of  an  Aor(AB)2C  complex,  although  the  subunit
stoichiometry  of  AORAa  varies  and  additional  electron  density  depicting  an  Aor(AB)3C  complex  was  obtained.
These  results,  supported  by  mass  spectrophotometry,  revealed  that  the  polyferredoxin-like  subunit  AorA
oligomerizes  from  a  single  AorC  subunit  to  form  an  electron-conducting  nanowire  that  is  decorated  with
enzymatically active and W-cofactor (W-co) containing AorB subunits (Fig. 1). This supermolecular structure model of
AORAa was additionally supported by disrupting the interface between AorAB protomers via mutagenesis,  which
led to a simple AorABC complex. 

The  structure  of  the  AorB  subunit  revealed  the  binding  mode  of  the  substrate  benzoate  in  the  active  site.  This,
together  with  EXAFS  spectrometry  and  QM:MM  modelling  of  the  W-co,  enabled  the  proposal  of  a  catalytic
mechanism  describing  the  oxidation  of  aldehydes  and  the  H2-dependent  reduction  of  carboxylic  acids.  We
characterized  the  catalytic  activity  of  AORAa  in  H2-dependent  reductions.  A  series  of  reactors  proved  that  an
enzymatic cascade from carboxylic acids to alcohols can be catalyzed at both acidic and neutral pH, ruling out an
electron  bifurcation  mechanism.  We  have  also  demonstrated  that  whole-cells  with  recombinant  AOR   can  be
applied for substrate conversion.
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Fig. 1.
Filament formation in the AORAa complex - modelled
nanowire complex of composition Aor(AB)5C;
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