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CHAPTER 76

The Effect of Selected Industrial Biocides on Lactate
Metabolism in Desulfovibrio desulfuricans

MELVIN CZECHOWSKI AND H.W. ROSSMOORE

Department of Biological Sciences , Wayne State University,
Detroit, Michigan 48202

Two commercially available biocides based on the
isothiazolone structure and 2-mercaptobenzothi-
azole were the only ones effective from eight
tested which inhibited lactate metabolism with
whole cells, 1lysed cells, and partially purified
lactate dehydrogenase. Only isothiazolones which
had chlorine at position 4 and/or 5 or with no
substituents at position 2 inhibited partially
purified lactate dehydrogenase. The most effec-
tive biocide, 2-mercaptobenzothiazole, possibly
inhibits lactate dehydrogenase additionally by
complexing an essential divalent cation.

INTRODUCTION

Attempts to control environmentally damaging microroganisms such as
members of the anaerobic sulfate-reducing group are frequently empiri-
cal, often unpredictable, and always a challenge . Postgate (1979) in
his monograph gives some of the reasons . They include variability in
growth requirements among members of the group as well as the fulfill-
ment of some stringent nutritional needs, e.g., a negative redox below
-100 mV, both for their cultivation and recovery .

A rational selection of a biocide should include some knowledge of
its mode of action. Armed with this information, there is a possibility
for the development of compounds with greater activity and specificity.
One approach to mode-of-action studies is the search for a sensitive
bacterial site in species proven susceptible to a given biocide. This
site should play a major role in the metabolism of that species .

The enzyme system that metabolizes lactate in Desulfovibrio de-
sulfuricans is important for energy production in the cell. The oxida-
tion of lactate to pyruvate has not been well studied due to instabil-
ity of lactate dehydrogenase (LDH),.but the metabolism of pyruvate to
acetate and the enzymes involved in sulfate reduction are well known
and characterized (Siegal 1975). Czechowski and Rossmoore (1980) were
able to stabilize LDH and study it. This enzyme is membrane-bound but
is solubilized with detergents. The solubilized enzyme is specific for
d(-1) lactate, is sensitive to sodium azide, sodium cyanide, and EDTA,
which suggests the presence of an iron-containing moiety .

A number of biocides with implied or stated activity against D.
desulfuricans by the chepical manufacturer were evaluated for their
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effect on lactate metabolism. This study had a dual purpose not only to
uncover some clue to mechanism of biocide action but also concomitantly
to reveal some intimacy of enzyme function hitherto unknown .

MATERIALS AND METHODS

Desulfovibrio desulfuricans (ATCC 7757) was grown at 30 C on Postgate's
medium (Postgate 1966), modified by using 0.0001% instead of 0.01%
FeSO,/1iter.

Preparation of whole cells - Cells were harvested between 48 and 72 h
of incubation and were washed twice in 0.1 ¥ sodium phosphate buffer
(pH 7.5) and resuspended in 15 mi of the same buffer.

Preparation of lysed cells - Cells (1.5 g) were washed, suspended 1in
0.1 # sodium phosphate buffer (pH 7.5) with 0.1 mM mercaptoethanol, and
disrupted 1in a French pressure cell (18,000 to 24,000 psi). The lysed
cells were then centrifuged at 8,000 rpm (7,710 x g) in a SR25 rotor
(servall Type RC-2) for 10 min to remove whole cells. The supernatant
was used for the biocide studies. .

Preparation of partially purified lactate dehydrogenase - Ammonium
sulfate (1.7 g/10 m1) was added to supernatant of lysed cells to pre-
cipitate the membrane fraction. This suspension was centrifuged at
16,000 rpm for 30 min. The pellet was resuspended in 0.1 ¥ . sodium
phosphate buffer (pH 7.5) with 1 mM mercaptoethanol, and sodium cholate
was added to give a final detergent concentration of 4%, Thus was mixed
for 20 h and then centrifuged at 16,000 rpm (30,900 x g) for 20 min.
The enzyme in the supernatant then was precipitated between 30% and 50%
ammonium sulfate concentration, and resuspended in 10 m1 of buffer to
which was added 10 m1 of coeld (4 C) chioroform. This was mixed for 10
min and centrifuged at 16,000 rpm for 30 min. The upper, slightly tur-
bid layer was LDH activity and was used for biocide studies.

Assay procedure - Lactate reduction was determined by the method of
Thunberg (Umbreit et al. 1957). The assay mixture consisted of 4 ml of
39 sodium lactate in 0.1 M sodium phosphate buffer (pH 7.5), 0.4 ml of
0.01% methylene blue, 0.2 ml of bacteria or bacterial extract, and the
appropriate concentration of biocide. The biocides and their concen-
tration in the assay mixtures are listed in Tables 2 and 3. The pH of
the assay mixture never varied by more than + 0.3 units which did not
affect lactate metabolism. Lactate metabolism is reported by using
methylene blue as electron acceptor and monitoring reduction by ab-
sorbance decrease/min at 660 nm in a Cary 118 spectrophotometer . An
experiment was run without Jactate and with lactate but with denatured
bacterial sample to determine whether the bacterial sample may chemi-
cally reduce methylene blue. The results were negative. The percent
inhibition of biocide is calculated as follows:

(Methylene blue reduction without
bjocide) - (Methylene blue reduction
with biocide)

X 100

Methylene blue reduction without
biocide






