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In batch culture, addition of acetate stimulated the initial growth of 

Megasphaera elsdenii in medium containing glucose and Trypticase. As 

the initial concentration of acetate was increased, butyrate production 

increased. When acetate was used, the rate of butyrate production 

increased. Hydrogen production was decreased by adding acetate. 

Inhibition of hydrogen production by the hydrogenase inhibitor carbon 

monoxide inhibited the growth of M. elsdenii, but this inhibition was 

cancelled by adding acetate. In continuous culture, where the growth rate 

was kept relatively low by limiting the glucose supply, adding acetate 

similarly increased butyrate production. These results suggest that acetate 

serves as an electron sink in M. elsdenii.

   Megasphaera elsdenii is a gram-negative obligately anaerobic bacterium 
normally found in the rumen, and is predominant when ruminants are fed high 

grain diets (13). Some metabolic characteristics include lactate utilization (2,13) as 
well as amino acid catabolism (1,29). Counotte et al. (5) suggested that M. elsdenii 
is the primary lactate-fermenting bacterium in cattle fed high levels of cereal grains. 
M. elsdenii may be an important organism for the prevention of rumen acidosis, 
since the bacterium actively utilizes lactate produced by Streptococcus bovis (25), 
an important contributor to rumen acidosis (26). M. elsdenii also ferments glucose, 
and produces mainly butyrate (8,12, 20) rather than caproate as reported 

previously (7). Since not all of the electrons liberated by the oxidation of glucose 
can be used for the formation of butyrate and caproate, M. elsdenii enevitably 
evolves H2 (14,16,19; Fig. 1). Production of H2, which is converted to methane in 
the rumen, means a loss of energy to ruminants. 
   Previous research demonstrated that growth of M. elsdenii is stimulated by 
adding acetate (3). Forsberg (8) reported that acetate was needed for growth in a 
medium containing glucose, sulfate, and ammonia as the sole source of nitrogen,
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but when lactate served as the energy and carbon source, acetate was not required. 
It has also been reported that acetate stimulates growth on glucose in Eubacterium 
limosum (9), but no information is available at present on the role of acetate in the 
cellular function and physiology. 

   Stimulation of growth by acetate in the presence of glucose and Trypticase 
may indicate that acetate is not essential for the biosynthesis of cell components. 
It is reasonable to assume that acetate is metabolized by M, elsdenii as shown in 
Fig. 1. Obviously, acetate is not oxidized, i.e., acetate does not serve as the energy 
source. On the contrary, conversion of acetate to butyrate or caproate is an 
energy-consuming reaction. In fact, in preliminary experiments acetate never 

permitted growth without glucose or lactate. It seems likely that acetate serves as 
an electron sink. When acetate is metabolized to synthesize butyrate or caproate, 
electrons are consumed (Fig. 1). Acetate is converted to acetyl-CoA without donating 
or accepting electrons, while electrons are liberated in the formation of acetyl-CoA 
from glucose. Thus, if acetate is used to form butyrate or caproate, a net consumption 
of electrons would result. It is generally accepted that in anaerobic bacteria the 
readiness with which electrons are disposed of may influence the energy metabolism 
and consequently growth (28). 
   The purpose of our study was to determine whether acetate serves as a sink 
of electrons in M. elsdenii. Experiments were performed to examine the effect of 
acetate on: (1) the pattern of growth in batch culture when glucose, amino acids 
and other nutrients are sufficiently supplied, (2) the growth when hydrogen 

production is inhibited, and (3) the production of volatile fatty acids (VFA) in 
batch culture and in continuous culture where the glucose supply limits growth.

MATERIALS AND METHODS

   Organism and growth conditions. M. elsdenii NIAH-1102 was a gift from Dr. 
H. Minato, National Institute of Animal Health, Tsukuba, Japan. Unless otherwise 
stated, the bacterium was grown in 120-ml serum bottles at 39°C under 02-free 
CO2 (initial pH 6.8). The basal medium for batch culture contained (g/liter):

  Fig. 

elsdenii:

 1. Possible pathways from glucose to the main VFA and electron flow in M. 

[2H] = 2e - + 2H + (reducing equivalent).
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KH2PO4, 0.9; K2HPO4, 0.9; Na2CO3, 2.5; (NH4)2SO4, 1.8; NaCI, 1.8; 
CaC12.2H2O, 0.24; MgSO4.7H2O, 0.38; cysteine • HCI, 0.6; glucose, 2; yeast extract 

(Difco), 1; and Trypticase (BBL, Microbiology Systems, Cockeysville, Md, USA), 
1. Cell growth was estimated by measuring the optical density (OD) at 600 nm. 

   Glucose-limited continuous culture was conducted with 250 ml vessels (overflow 
type) under a stream of CO2 + N2 (1: 9). The medium contained (g/liter): KH2PO4, 
2.4; Na2HPO4.12H2O, 6.0; Na2CO3,1.0; (NH4)2SO4,1.8; NaCI, 0.3; CaC12.2H2O, 
0.06; MgSO4.7H2O, 0.06; cysteine • HCI, 0.6; glucose, 1; yeast extract, 1; and 
Trypticase, 1. Glucose in the effluent from the continuous culture was checked by 
TLC separation (17): A cellulose TLC plate (Avicel) was developed with pyridine-
ethyl acetate-acetic acid-water (36:36:7:21). Glucose was detected by spraying 
0.5 M alcoholic NaOH on the plate after dipping it in AgN03 acetone (0.5% saturated 
aqueous solution of AgNO3 in acetone). Glucose was never detected in the effluent 

(less than 10 mg/i ), indicating that substantially all of the glucose was consumed. 
   Except for the continuous culture experiments, all incubations were performed 

in duplicate. Continuous culture was duplicated with essentially the same results 
each time. 

   Determination of VFA and H2. VFA and H2 were determined by GLC as 
described previously (I1).

RESULTS

Effect of acetate on the growth of M. eisdenii 
   M. eisdenii grew in the absence of VFA in a medium containing glucose and 

Trypticase, but adding 6 mM acetate shortened the lag phase (Fig. 2) and the initial 

growth increased as the acetate concentration increased up to 25 mM (Fig. 3). When 
cells were incubated in the presence of 50% carbon monoxide (CO; CO-CO2 =1:1), 
a hydrogenase inhibitor, growth was inhibited more than 60%, but adding 25 mM

Fig. 2. Effect of acetate on the growth of M. eisdenii on glucose: Addition of acetate: 
0 mM (A), 6 mM (t), and 2:5 mM (.).
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acetate improved the amount of growth under CO (Fig. 4). These results suggest 
that some of the electrons liberated from glucose oxidation is used in the metabolism 
of acetate.

Effect of acetate on the VFA and H2 production by M, elsdenii 
   When increasing concentrations of acetate were added to the growth medium, 

more butyrate was produced (Table 1). Below 4 mM acetate (initial concentration), 
net acetate production decreased, and net acetate consumption increased above 
4 mM acetate. But caproate production decreased as acetate utilization increased. 
These trends were also followed in the production or consumption per unit amount 
of cell growth, i.e., final 0D600. The effects of extracellular acetate on the production 
of acetate, butyrate, and caproate were evaluated more precisely. When 15 mM

Fig. 3. Effect of acetate concentration on the growth of M. elsdenii on glucose: Graded 

concentrations of acetate were added, and incubated for 10 h.

Fig. 4. Effect of acetate on the growth of M. elsdenii in the presence or absence of CO: 
Addition of 0 (o) or 25 mM (o) acetate. Open and closed symbols indicate addition of 0 
and 50% CO, respectively.
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acetate was added to the growth medium, the acetate concentration began to decrease 
after 9 h (Fig. 5-A). Before this point, utilization of acetate was not apparent, but 
the number of cells was small during this period, so the acetate used per cell may 
have been similar. When the growth rate slowed down, possibly due to a decrease 
of glucose concentration (after 15 h), the acetate concentration began to increase 

gradually. Acetate utilization was closely related to butyrate production (Fig. 5-B). 
Caproate production was reduced by the presence of acetate (Fig. 5-C). Hydrogen 

production from glucose fermentation was almost parallel to cell growth, but adding 
15 mM acetate decreased H2 production, though the rate of growth was increased 

(Fig. 5-A, Fig. b). 
   Table 2 shows the effect of acetate on VFA and H2 production in the presence 
of CO. When CO was present, there was no growth, even after 48 h in the absence 
of acetate. When 25 mM acetate was added, the growth was similar to that in the 
absence of CO. In the presence of acetate, CO inhibited H2 production and enhanced 
acetate utilization, which led to the increase in butyrate production. In this case 
caproate was also increased. These results suggest that extracellular acetate is used 
as an electron-accepting substance in the formation of butyrate, and this process 
increases when the electron flow to H2 is inhibited by CO (see Fig. 1).

Table 1. Effect o f acetate on VFA production by M. elsdenii grown on glucose.'



126 HIND, MIYAZAKI, and KURODA VOL. 37

   The effect of adding acetate on VFA production by M. elsdenii grown in 

glucose-limited continuous culture is shown in Table 3. Even when growth was 
kept at a low rate by limiting the supply of glucose, i.e., the rate of electron flow 

was kept low, adding 15 mM acetate decreased the net production of acetate with 

a concomitant increase in butyrate production. In the steady state, adding acetate 

gave no significant difference in the 0D600, since 5 mM acetate was constantly 

present without adding acetate.

                   ime 'i time fl) 

Fig. 5. Effect of acetate on VFA production by M. elsdenii grown on glucose: A. Acetate, 
B. Butyrate, and C. Caproate. Addition of 0 (A) or 15 mM (•) acetate. Cell growth in the 

presence (0) or absence (U) of 15 mM acetate.

Fig. 6. Effect of acetate on H2 production by M. 
of 0 (A) or 15 mM (•) acetate.

elsdenii grown on glucose: Addition
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DISCUSSION

   Adding acetate to the growth medium shortened the lag phase and stimulated 
the initial growth of M. elsdenii. Microorganisms never grow at constant rates in 
the rumen: Usually there are lag periods for most organisms. Therefore, stimulation 
of initial growth may have a significant effect on overall rumen fermentation. Adding 
acetate increased butyrate production, and there was a close relationship between 
acetate utilization and butyrate production. These results strongly support the 
assumption that acetate serves as an electron sink. 
   Butyrate production was proportional to the concentration of added acetate 

(Table 1): As the extracellular acetate concentration increased, net acetate 
production decreased, and above a certain level (initial concentration of 4 mM in 
this case) consumption increased. It appears that a certain equilibrium exists between 
acetate and acetyl-CoA under certain conditions, and the concetration of acetyl-CoA 
may affect butyrate formation. The acetyl-CoA/CoA quotient may also influence 
butyrate formation by affecting the electron flow. In clostridia this quotient 
allosterically regulates NADH: ferredoxin oxidoreductase (28). 

   In Butyrivibrio fibrisolvens, net production or consumption of acetate occurs: 
Whether acetate is produced or consumed depends on the strains, although that 
was not examined in relation to the extracellular acetate concentration (4, 23, 27). 
Clostridium acetobutyricum ferments sugars in two distinct phases: Initially at high

Table 2. Effect of CO on H2 and VFA production by M. elsdenii grown on 

       glucose in the presence or absence of acetate.'

Table 3. Effect of acetate on VFA production by M. elsdenii grown in 

         glucose-limited continuous culture.'
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glucose levels growth is rapid with copious acetate and butyrate production and 
Hz evolution. When growth becomes slower due to low glucose levels and low pH, 
acetate and butyrate accumulated in the medium are taken up and acetone, ethanol, 
and butanol are formed with decreased Hz evolution (21, 24, 30). 

   Since the acetate utilization by M. elsdenii was increased by the inhibition of 
Hz formation, accumulation of reducing equivalents appears to stimulate the 
reactions from acetyl-CoA to butyrate. In Clostridium acetobutyricum the inhibition 
of hydrogenase by CO leads to an increase in the pool of NADH, which in turn 
leads, to an increased formation of products that require NADH at the expense of 
the accumulated acids (6,15, 22). 

   Unexpectedly adding acetate decreased caproate production, but increased it 
only when hydrogenase was inhibited. It is likely that the regulation of caproate 
formation differs from that of butyrate formation. Closridium kluyveri has two 
distinct /3-hydroxybutyryl-CoA dehydrogenase, i.e., a soluble NADPH-specific 
enzyme and a particulate NADH-specific enzyme (10, 18), and it was suggested that 
the former enzyme functions in butyrate formation whereas the latter one is involved 
in caproate formation (18). On the other hand, since caproate production by M. 
elsdenii was initiated after butyrate was produced and adding butyrate markedly 
increased caproate production (data not shown), caproate seems to be formed, at 
least partly, by using butyrate. 

   Why acetate stimulates the initial growth of M. elsdenii is still not known. 
However, the role of acetate as an electron sink may indicate that electrons are not 
readily disposed of during the initial stage of growth, possibily due to the delay in 
the synthesis of hydrogenase or other electron-flow systems.

We thank Dr. H. Minato for donating the bacterial strain.
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