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SUMMARY

A membrane-bound D( - )-lactate dehydrogenase (LDH), an important enzyme in carbon and energy metabolism in sulfate-reducing bacteria of the
genus Desulfovibrio, was solubilized from the membrane fraction of Desulfovibrio desulfuricans (ATCC 7757). The enzyme was purified 84-fold to a final specific
activity of 525 nmol DCPIP-reduced/min/mg protein by ammonium sulfate precipitation, chloroform extraction, gel filtration with Sephadex G-150, and
hydrophobic column chromatography with N-octylamine Sepharose 4B. The enzyme eluted off a Sephacryl §-300 column as a single peak with a molecular
weight of 400000 + 40000 Da. Denaturing gel electrophoresis showed it to be composed of 5 protein bands. The oxidized and dithionite reduced spectra
of LDH resembles the spectra of c-type cytochromes found in Desulfovibrio species. The addition of lactate to LDH resulted in a partially reduced spectrum.
The flavin/cytochrome ¢/non-heme iron content per 400000 Da LDH molecular weight was found to be 1:1.6:4.5. The LDH activity was specific for
D( - )-lactate and had a K, for D( — )-lactate of 4.3 x 10~* M. The pH optimum was between 6.5 and 8.5.

INTRODUCTION

The metabolism of sulfate-reducing bacteria makes
them important agents affecting industrial and environ-
mental processes. Some of their effects may be adverse,
such as anaerobic bacterial corrosion of metals, i.e. iron
and steel [15]; contamination of injection waters used to
displace residual oil in oil wells [16]; spoilage of stored
oil and contamination of gas [26,28]; blackening of paper
pulp [3]; and pollution of waters, muds and soils,
poisoning micro- and macrobiota [30]. However, these
bacteria may also have beneficial effects. The controlled
reduction of sulfate, utilizing gypsum and organic wastes
as carbon and energy sources, could lead to the produc-
tion of sulfur, an important mineral in modern industry
[33]. Sulfate-reducers may also participate in complex
fermentations by interspecies hydrogen transfer, leading
to the formation of methane [6]. The highly active peri-
plasmic Fe-hydrogenase from the lactate-grown Desulfo-
vibrio vulgaris Hildenborough has been proposed as part

Correspondence: H.W. Rossmoore, Department of Biological
Sciences, Wayne State University, Detroit, MI 48202, U.S.A.

of an artificially composed biosystem used in the produc-
tion of hydrogen, an alternative energy source to fossil
fuels [1].

One of the more important carbon and energy sub-
strates for sulfate-reducers, particularly Desulfovibrio sp.,
is lactate [20,39]. Lactate is a fermentation product of
many bacteria and has been found to be an important
electron donor for sulfate reduction in fresh water sedi-
ments [7,34]. Lactate in Desulfovibrio sp. is oxidized to
pyruvate, which is then oxidized to acetate via acetyl
CoA. The oxidation of lactate to pyruvate in a species of
Desulfovibrio (D. vulgaris Marburg) has recently been
found to require energy [25]. Although lactate is the
preferred substrate for growth of Desulfovibrio sp. [20],
only afew reports have been published [8,23-25,27,35,36]
on lactate dehydrogenase (LDH), the initial enzyme in
lactate oxidation. Lactate dehydrogenase has been very
difficult to study because of its instability, especially when
membrane-bound [20]. Consequently very little work has
been done on studying this enzyme, its interaction with
other enzymes, and electron transfer proteins in the
lactate/sulfate metabolism pathway.

In order to gain further understanding of lactate meta-
bolism, the D(-)-LDH from D. desulfuricans (ATCC






