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Succinate dehydrogenase (SDH) is conserved in. all species from prokaryotes to eukaryotes and catalyzes
the oxidation of Succinate to fumarate. In general, SDH is a metabolically important enzyme known to be
“involved in energy production and central metaboﬁsm, such as the tricarboxylic acid cycle and the
membrane electron transfer chain. Howevér, SDH is also involved in other metabolic pathways. One of]
these is the propionate oxidation pathway, the methylmalonyl CoA (MMC) pathway. The MMC pathway|
comprises eleven reactions, including three oxidation reactions, of which succinate oxidation is the most|
energetically unfavorable. SDH, which is responsible for succinate oxidation, is also an important enzyme
for microorganisms with the MMC pathway. The characterization of their SDH would provide functional
insights of SDH under energetically lirniting conditions. In this study, the SDHs constituting the MMC
pathway were characterized by comparing enzyme activity and hydrogen production. On the other hand,
the Iﬁechanism of maturation of SDH frbm Gram-positive bacteria including propionate . oxidizing
bacteria, in particular the binding of the prosthetic group, flavin adenine. dinucleotide (FAD), to the
flavoprotein .subunit containi.ng the active center, is still unclear. The maturation of SDH from Gram-
positive bacteria was also investigated by comparison of activity and subunit maturation by heterologous

expression. ' |
First, the function of two SDHs, membrane-bound and cytoplasmic, in the propionate-oxidizing
bacterium Pelotomaculum thermopropiom’&izm, revealed by previous genomic and franscriptomic
analyses, was investigated.. A comparison of the enzymatic activities of the two SDHs showed that the
membrane-bound SDH is responsible for the major succinate oxidation and the other for fumarate|
reduction. Using uncoupler and inhibitors for adenosine triphosphate (ATP) synthase and membrane-
bound SDH, we investigated the hydrogen production from propionate involving SDH of P
thermopropionicum, and found that the succinate oxidation by membrane-bound ‘SDH requires|
membrane potential supported by ATP synthase. Furthermore,' the analysis of conserved amino acid|
sequences of the flavoprotein and membrane-bound subunits of SDH in propionate-oxidizing bacteria
suggest that they have specifié conservéd émino acid residues thaf are strongly associated with efficient|
succinate oxidation in syntrophic propionate-oxidizing bacteria. For further analysis, the membrane-
bound SDH of P. thermopropionicum was heterologously expressed in the model bacterium Escherichiq *
coli, but no SDH activity was observed. Therefore, we compared succinate oxidation activity and covalent
binding of FAD of heterologously expressed SDHs from Gram-positive bacteria, P. thermopropionicum,

\Bacillus subtilis, and Corynebabterjum glutamicum, in which the covalent binding mechanism of FAD

has not been clarified. Although FAD binding of the heterologously expressed flavoprotein subunits did|




not occur, that was surprisingly observed in the presence of other subunits in vivo and in vitro.
Furthermore, P. thermopropionicum and B. subtilis SDH heterologously éxpressed in E. coli observed no
SDH activity and iron-sulfur cluster was immature. These results suggest thaf the FAD covalent binding
of SDH used in this study was enhénced by the presence of the iron-sulfur subunit and fumarate, and
that the niaturation of the iron-sulfur cluster requires a species-specific mechanism. '

In this 'study, the functional and genetic chéracteristics of P tbermopiopwmbum SDH were
demonstrated. Furthermore, it was shown that SDHs from Gram-positive bacteria may share a common
[FAD-binding mechanism but involve a species-specific mechanism for the synthesis of iron-sulfur clusters
" [These findings suggest that even enzymes that are conserved across a wide range of species have species-
specific optimized utiliiation strategies, probably due to differences in the environment in which

microorganisms live and the metabolism in which SDHs are involved.
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