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Abstract

The anaerobic bacterium Clostridium acetobutylicum is known to exhibit a high rate of

hydrogen production, with a productivity in chemostat of 2.4 I. H2L-1-h-1(1). The in vivo
H2 production is catalyzed by the (FeFe)-hydrogenase CaHydA, a 64-kDa monomeric cyto-
plasmic protein with more than 70% identity to the hydrogenase Cpl from C. pasteurianum?2.
In vivo, CaHydA is involved in the reoxidation of ferredoxin, leading to proton reduction and
dihydrogen formation. The 2(4Fe-4S) ferredoxin encoded by the CA_C0303 gene is therefore
the key redox partner of hydrogenase3.
CaHydA harbors the catalytic H-domain and an F-domain composed of three accessory do-
mains, including four Fe-S clusters 4. To assess the role of accessory Fe-S clusters of the
F-domain on the catalytic activity of CaHydA, we previously designed, constructed, pro-
duced and characterized two independent HydAC100A and HydAC48A variants, for which
the putative electron pathways are limited to the FS2 and FS4C surface clusters respectively.
We demonstrated that the FS2 cluster is key in maintaining efficient electron transfer be-
tween the two partners5.

To expand the possibility to study a wide number of HydA variants, we recently devel-
oped an advanced metabolic engineering strategy to construct a home-tailored F. coli strain
whose growth, on glucose mineral medium under anaerobic conditions, is dependent on
the macromolecule complex composed of three proteins Pyruvate Ferredoxin oxidoreductase
(Pfor)/ Ferredoxin (Fd) and CaHydA with electron transfer functionality. We introduced
in the home-tailored E. coli strain the pathway expressing CaHydAWT or HydAC100A or
HydAC48A. The strain expressing the CaHydAWT was used as a control and the strains ex-
pressing CaHydAC100A or CaHydAC48A were sub-cultured on glucose mineral medium to
force in vivo directed evolution. From CaHydAC100A or CaHydAC48A expressing strains,
two novel CaHydA variants were in vivo selected, re-isolated and their in vitro biochemical
characterizations were done. Through the in vivo evolution of these two variants, we demon-
strated the functionality of the home-tailored strain for hydrogenase directed evolution. It
opens now the opportunity to perform in vivo functional screening of library of genes encod-
ing for synthetic or chimeric hydrogenases.
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