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Kinetic parameters of acetate oxidation were determined for the sulfate reducers Desulforhabdus amnigenus
and Desulfobacca acetoxidans. Based on these parameters, both sulfate reducers seem to be able to outcompete
Methanosaeta spp. for acetate in acetate-fed anaerobic bioreactors. Mixed-substrate studies showed that D. amni-
genus degraded acetate and hydrogen simultaneously but preferred lactate, propionate, and ethanol over acetate.

Acetate is a key intermediate in the breakdown of organic
matter in anaerobic bioreactors. In anaerobic reactors treating
sulfate-rich wastewaters, such as paper mill and food oil indus-
try wastewaters, sulfate reducers compete for these compounds
with methanogens (7). The outcome of the competition for
acetate is not yet clear. Generally, acetate is utilized by meth-
anogens (3, 12), but in some reactors it is mainly utilized by
sulfate reducers (11). Comparison of the acetate utilization
kinetics of methanogens and sulfate reducers can give more
insight into the competition for acetate. In most methanogenic
bioreactors, Methanosaeta spp. are the dominant acetate-de-
grading methanogens because of their high affinity and low
threshold value for acetate compared to Methanosarcina spp.
(7). In sulfate-reducing reactors, acetate-degrading sulfate re-
ducers have to compete with Methanosaeta spp. for the avail-
able acetate. Unfortunately, kinetic data for acetate utilization
by freshwater sulfate reducers are hardly available. Most re-
searchers have studied acetate oxidation by marine sulfate re-
ducers, as reviewed by Oude Elferink et al. (7). It is unlikely
that these marine sulfate reducers play an important role in
freshwater anaerobic bioreactors.

The aim of the present study was to investigate the oxidation
of acetate by freshwater sulfate reducers. For our study we
used Desulfobacca acetoxidans, which oxidizes acetate only (9),
and the generalist Desulforhabdus amnigenus, which can use a
wide variety of substrates (8). Both sulfate reducers have been
isolated from anaerobic granular sludge obtained from reac-
tors in which acetate was mainly converted via sulfate reduc-
tion.

D. acetoxidans ASRB2 (DSM 11109) and D. amnigenus
ASRB1 (DSM 10338), from our own collection, were cultured
anaerobically in bicarbonate-buffered medium at 37°C, as de-
scribed previously (8).

The Michaelis-Menten kinetic parameters V., and K, were
estimated from acetate depletion curves obtained with concen-
trated cell suspensions. The depletion data were fitted to an
integrated solution of the Michaelis-Menten equation V. *
t=38,— S + K, - In(Sy/S) by nonlinear regression analyses
(10). In this equation, S, is the initial substrate concentration,
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S is the substrate concentration at time ¢, V., is the maximum
consumption rate, and K,,, is the half-saturation constant.

To obtain concentrated cell suspensions, cells were harvest-
ed anaerobically by centrifugation in the late exponential phase
of growth. The cells were resuspended and washed twice with
the bicarbonate-buffered medium and were then transferred to
120-ml serum vials in an anaerobic glove box and sealed with
butyl rubber stoppers and aluminum caps. To eliminate inter-
ference with growth, cells of D. acetoxidans and D. amnigenus
were concentrated approximately 20-fold and 50-fold, respec-
tively. The vials were preincubated at 37°C for 1 h in the
presence of 10 mM sulfate for removal of intracellular acetate.
For both bacteria, four independent acetate depletion experi-
ments were carried out, starting with, respectively, 1, 2.5, 4, and
6 mM of acetate as the initial concentration. At the end of each
experiment, the protein content of the cell suspensions was
estimated by the method of Bradford (1) after disruption of the
cells by sonification (five times for 20 s each with an intermit-
tent cooling period of 20 s).

Substrate preferences of D. amnigenus were tested in batch
cultures by growing the cells on a single substrate and adding
a pulse of a different substrate as soon as the culture reached
log phase. The following combinations were tested [starting
substrate (mM) plus pulse substrate (mM)]: propionate (17)
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FIG. 1. Acetate depletion curve for a concentrated suspension of D. amni-
genus cells (w) and D. acetoxidans cells (@). The markers represent the measured
acetate concentrations, while the solid lines are best-fit curves calculated from
estimates of K,,,, V. and the initial acetate concentration (S,) via nonlinear
regression analysis.
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TABLE 1. Selected acetate kinetic parameters of D. acetoxidans, D. amnigenus, and the two genera of acetate-degrading methanogens

. Substrate Pmax Vinax (wmol min~! g Threshold Reference and/
Organism utilization (day™") of protein™!) K., (mM) conen (pM) or source

D. acetoxidans Specialist 0.31-0.41 43 = 14¢ 0.6 = 0.4 <15 9; this study
D. amnigenus Generalist 0.14-0.20 28 + 74 0.6 = 0.4 <15 8; this study
Methanosarcina sp. Generalist 0.46-0.69 -t 3.0 190-1,180 4,17
Methanosaeta

M. soehngenii Specialist 0.08-0.29 76 0.4-0.7 7-69 4,6,7

M. concilii Specialist 0.21-0.69 32 0.8-1.2 — 6,7

Strain MTAS Specialist 0.37 170 0.5 — 5,6

Strain MTKO Specialist 0.38 98 1.17 — 5,6

“ Mean of four independent experiments *+ standard deviation.
> _ not determined.

plus ethanol (11); ethanol (16) plus propionate (17); propio-
nate (17) plus lactate (11); lactate (20) plus propionate (14);
acetate (18) plus propionate (17); acetate (22) plus hydrogen
(10). For the hydrogen pulse experiments, the cultures were
incubated on a rotary shaker (125 rpm). Substrates were mea-
sured by gas chromatography and high-performance liquid
chromatography (8).

Acetate consumption by concentrated cell suspensions of
D. acetoxidans and D. amnigenus followed Michaelis-Menten
kinetics (Fig. 1). Thresholds for acetate consumption were not
determined, but both strains reached acetate concentrations
below the detection limit of our gas chromatographic analysis
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FIG. 2. Substrate consumption by D. amnigenus growing in batch cultures
with acetate (@) and pulsed with hydrogen () (A) or propionate (+) (B).

(15 wM). The theory that methanogens can outcompete sulfate
reducers for acetate in anaerobic bioreactors, because of
their higher growth rates (13), is clearly not always valid, since
D. acetoxidans had a higher growth rate than most Methano-
saeta spp. and the growth rate of D. amnigenus was in the same
range as that of Methanosaeta soehngenii (Table 1). However,
acetate-degrading sulfate reducers from bioreactors seem to
have only a slight kinetic advantage over Methanosaeta spp.
(Table 1). Therefore, in some reactor studies, acetate-degrad-
ing methanogens may have predominated over sulfate reduc-
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FIG. 3. Acctate (@) production by D. amnigenus growing in batch cultures
with propionate (+) and pulsed with ethanol (A) (A) or lactate (m) (B). The
broken lines represent calculated acetate concentrations, assuming incomplete
oxidation of propionate, lactate, and ethanol.
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ers to the fact that the duration of the competition study was
not long enough to allow sulfate reducers to become dominant
(3, 11). Reactor studies by Visser (12) showed, for example,
that it can take more than a year before sulfidogens have
outcompeted methanogens for acetate.

In full-scale anaerobic bioreactors, acetate is not the only
organic compound available for microorganisms. From the
mixed-substrate studies it is clear that the presence of hydro-
gen can increase the competitive advantage of D. amnigenus
over Methanosaeta spp. because D. amnigenus can use acetate
and hydrogen simultaneously (Fig. 2A) while Methanosaeta
spp. can use only acetate. How the presence of propionate,
lactate, or ethanol influences competition is less clear. The
mixed-substrate experiments showed that D. amnigenus was
able to degrade propionate and lactate or ethanol simulta-
neously. However, acetate consumption stopped when these
substrates were present in excess. In fact, D. amnigenus even
started to produce acetate, because propionate, lactate, and
ethanol were incompletely oxidized; i.e., for each mole of pro-
pionate, lactate, or ethanol used, 1 mol of acetate was formed
(Fig. 2B; Fig. 3). However, it is known that carbon substrates
that usually lead to diauxic growth under batch conditions
are used simultaneously under limited-carbon conditions (2).
Which condition D. amnigenus encounters in sludge is not
clear, because substrate availability is related not only to the
concentrations in the reactor but also to diffusion of the sub-
strate into the granule and the location of the D. amnigenus
cells in the granule. Since D. amnigenus outcompeted the ac-
etate-degrading methanogens in a bioreactor treating complex
wastewater (8) and the kinetic properties of this bacterium are
similar to those of Methanosaeta spp., one could speculate that
the ability to use other substrates besides acetate gives D. am-
nigenus a competitive advantage over Methanosaeta spp.
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