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A new mesophilic methanogenic bacterium was isolated from a sewage sludge digestor. The cells were
irregular cocci (diameter, 0.5 to 2.0 um) and occurred singly or in small aggregates. Adjacent cells did not
appear to touch, even in aggregates. This bacterium was not motile and did not possess flagella. Colonies
appearing after 1 week of incubation were white and 1 mm in diameter. Older colonies were yellow and up to
4 mm in diameter. The organism used H,-CO; or formate as an energy source. Acetate and either yeast extract
or Trypticase peptone were required for growth. The optimum pH for growth was between 6.5 and 7.0. The
NaCl requirement for methanogenesis was less than 0.2 g/liter. The deoxyribonucleic acid base composition was
52 mol% guanine plus cytosine. This isolate is named Methanogenium aggregans sp. nov., and the type strain
(strain MSt) has been deposited in the Deutsche Sammlung von Mikroorganismen as strain DSM 3027.

Irregularly shaped coccoid cells occur in three genera of
methanogenic organisms, Methanosarcina, Methanococcus,
and Methanogenium. Most species in these genera are
mesophilic methanogens isolated from marine environments

(5, 10, 16, 18). Most use either H,-CO, or formate for growth

and methane formation. Two notable exceptions to the use
of these two substrates are the species Methanosarcina
mazei and ‘‘Methanosarcina acetivorans,”” which use meth-
anol, acetate, and methyl-, dimethyl-, and trimethylamine.
Recently, thermophilic coccoid isolates have also been re-
ported (6, 7, 9, 14), again from marine origins. We describe
here the isolation and characterization of a new species of
coccoid methanogenic bacterium from a sewage sludge
digestor. The name Methanogenium aggregans sp. nov. is
proposed for this isolate.

MATERIALS AND METHODS

Enrichment and isolation. An enrichment culture was in-
oculated with a sample from a sewage sludge digestor at
Bourg en Bresse, France. This enrichment culture was grown
in 20 m! of medium in a 60-ml serum bottle with 2 atmos-
pheres (203 kPa) of H,-CO, as the substrate. The cultures
were repressurized with H,-CO, as needed and transferred (2
ml) at weekly intervals to fresh media. Cultures were incu-
bated without shaking at 37°C. For isolation of axenic cul-
tures of methanogens, the enrichment culture was trans-
ferred to media containing penicillin (3,000 U/ml); after
growth (as measured by methanogenesis), the enrichment
culture was serially diluted and inoculated into roll tubes (8).

Culture media. The isolate was cultured on medium con-
taining 1.0 g of NH,Cl, 0.4 g of K,HPO, - 3H,0, 0.2 g of
MgCl,, 0.5 g of cysteine hydrochloride, 5.0 g of sodium
formate, 1.0 g of sodium acetate, 1.0 g of Trypticase peptone
(BBL Microbiology Systems, Cockeysville, Md.), 1.0 g of
yeast extract (Difco Laboratories, Detroit, Mich.), 0.001 g of
resazurin, 0.3 g of K,HPO4, 10 ml of a trace minerals
solution (1), 5 ml of rumen fluid, and 1,000 ml of deionized
water. When roll tubes were used, 2.0% agar was added.
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The medium was adjusted to pH 7.0 with 10 M KOH,
boiled under a stream of O,-free N,, and cooled to room
temperature (or 50°C for agar medium). The medium was
distributed into serum bottles (20 ml of medium in 60-ml
serum vials) in an anaerobic glove box (Coy Lab Products,
Ann Arbor, Mich.). The bottles were stoppered with butyl
rubber closures (Bellco Glass, Inc., Vineland, N.J.) and
removed from the glove box. The gas atmosphere in the
bottles was replaced with N,-CO, (4:1). After autoclaving
(121°C for 20 min), 0.4 ml of 1.0% Na,S - 9H,0 and 0.3 ml of
10% Na,CO; (sterile, anaerobic solutions) were injected into
the bottles just before inoculation.

For roll tube media, 2% agar was added; 4.5-ml portions
were dispensed into ‘Pyrex culture tubes (Bellco), which
were sealed with no. 00 butyl rubber stoppers (Arthur H.
Thomas Co., Philadelphia, Pa.). Sulfide (0.1 ml of a 1%
solution) and sodium carbonate (0.075 ml of a 10% solution)
were added to tubes prior to inoculation.

Media at different pH values were prepared from bottles
of dispensed medium by adding 1 M NaOH or 1 M HCI from
anaerobic stock solutions.

Complex broth medium containing 0.3% glucose, 0.1%
yeast extract, and 0.1% Trypticase was used to test culture
purity under aerobic and anaerobic conditions.

Analytical methods. Duplicate vessels were used through-
out this work, and all experiments were repeated at least
twice. CH, was measured by gas chromatography as previ-
ously described (2). Sensitivity to sodium dodecyl sulfate
was determined by mixing cell suspensions with a 1%
(wtfvol) sodium dodecyl sulfate solution in the required
proportions. Lysis of cells was determined by phase-con-
trast microscopy.

Deoxyribonucleic acid base composition. The method of
Price et al. (12) was used to extract and purify deoxyribo-
nucleic acid. Buoyant density was determined by centrifu-
gation in a CsCl density gradient (11, 17).

Gases. N,-CO, (4:1) and H,-CO, (4:1) mixtures were
purchased from Search Medical Products, Cucamonga, Calif.

Microscopy. Phase-contrast photomicrographs were taken
with a Universal research microscope (Carl Zeiss, Oberko-
chen, West Germany). For thin-section electron micros-
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FIG. 1. Phase-contrast photomicrograph of aggregates of Meth-
anogenium aggregans. Bar = 10 pm.

copy,; cells were fixed with glutaraldehyde and osmium
tetroxide and were then enrobed in Spurr plastic as previ-
ously described (15).

RESULTS

Isolation procedure. After 7 days, the penicillin-treated
enrichment culture contained a coccoid methanogen which
formed fluorescent aggregates under epifluorescent micros-
copy at ca. 420 nm. The enrichment was diluted in liquid
medium and inoculated into roll tubes containing 80 mM

SN L i

FIG. 2. Thin-section electron photomicrograph of an individual
cell of Methanogenium aggregans strain MSt™. Bar = 0.5 pm.
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sodium formate as the energy source. Isolated colonies in
roll tubes inoculated from high dilutions were observed after
1 week of incubation at 37°C. Colonies were successively
picked and reinoculated into roll tubes until a single colony
type was observed. Purity was tested by direct microscopic
examination and by inoculation of the culture into complex
medium.

Morphology. Young colonies (1 week) were white, round,
convex, and 1 mm in diameter. Older colonies were yellow
and as large as 3 to 4 mm in diameter. The cells were
irregular cocci 0.5 to 2.0 pm in diameter (average diameter,
1 pwm) which occurred as a mixture of single cells and small
compact aggregates (Fig. 1). Adjacent cells never appeared
to touch, suggesting the presence of capsular material. The
cells stained gram negative. The organism was nonmotile,
and flagella were never observed when cells were stained by
the procedure of Rhodes (13) or when cells were observed
by electron microscopy. Electron photomicrographs re-
vealed a thin cell wall (Fig. 2); the isolate was lysed in the
presence of 0.03% sodium dodecyl sulfate.

Substrates for methanogenesis. The bacterium used only
formate or H,-CO; as an energy source. With formate as the
substrate, growth was as rapid with mineral (HCO;™) or
organic [piperazine-N,N’-bis(2-ethanesulfonic acid)] buffer.
Acetate, methanol, or methylamines were not growth sub-
strates: The generation time on formate was 8 h at 37°C.

Growth conditions. The isolate grew optimally in culture
medium without added NaCl (Fig. 3). The total medium
concentration of Na?t was equivalent to less than 2 g of
NaCl per liter. No growth occurred when 30 g of NaCl per
ml was added. The optimum growth temperature was 35°C
(Fig. 4). Methane production was slow at 25 or 40°C. The
optimum pH was between 6.5 and 7.0 (Fig. 5) within a
growth range of pH 6.0 to 8.0. Acetate plus either yeast
extract or Trypticase peptone was required for growth; the
culture medium contained 1 g of acetate per liter, 1 g
of Trypticase peptone per liter, and 1 g of yeast extract per
liter. Growth was complete within 6 days. When acetate was
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FIG. 3. Effect of NaCl addition on methane production by Meth-
anogenium aggregans. Cultures were grown in 20 ml of liquid
medium for 4 days at 35°C.
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omitted, methane production was about 2% or less of the
normal amount, even after 55 days of incubation. When 1 g
of sodium acetate per liter but neither yeast extract nor
Trypticase peptone was added, methane production was
about 5% of the normal amount. If acetate plus either
Trypticase peptone or yeast extract was added, methane
production was the same as it was with the normal medium.

Deoxyribonucleic acid base composition. The guanine-plus-
cytosine content was 52 mol%.

Indirect immunofluorescence. Conway de Macario et al.
determined immunological cross-reactions (3) with 25 poly-
clonal antisera to representative strains of methanogens (4),
including Methanogenium cariaci and Methanogenium mar-
isnigri. Tests made with S probes gave no reactions with any
of the antisera except a weak (1+) reaction with antiserum to
Methanospirillum hungatei JF1T (T = type strain).

DISCUSSION

Strain MStT most closely resembled members of the order
Methanomicrobiales. Its morphology indicated that it does
not belong to the Methanobacteriales, and its guanine-plus-
cytosine content indicated that it does not belong to the
Methanococcales. Within the order Methanomicrobiales
there are two genera which contain coccoid bacteria, Meth-
anosarcina and Methanogenium. Some species of Meth-
anosarcina have morphophases of coccoid morphology, but
there are metabolic characteristics universal to the species
of this genus, such as use of trimethylamine or methanol as
a substrate, which distinguish them from our isolate. Mor-
phologically, strain MStT resembled members of the genus
Methanogenium. It differed from Methanogenium cariaci

.and Methanogenium marisnigri by its higher optimum growth

temperature, its formation of aggregates, the absence of
flagella, and its lack of an immunological cross-reaction with
either of these Methanogenium species. Furthermore, nei-
ther of these species grows on formate in the presence of
sodium bicarbonate buffer, and both require elevated levels
of NaCl. Our isolate differed from the other species of
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FIG. 4. Effect of temperature on methane production by Meth-
anogenium aggregans. Cultures were grown in 20 ml of liquid
medium for 5 days at 37°C.
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FIG. 5. Effect of pH on methane production by Methanogenium
aggregans. Cultures were grown in 20 ml of liquid medium for 7
days at 35°C.

Methanogenium as well; ** Methanogenium olentangyi’’ does
not use formate, and Metharnogenium thermophilicum (14)
and the thermophilic Methanogenium of Ferguson and Mah
(6) both exhibit thermophilic temperature optima.

We propose that our isolate be placed in the genus
Methanogenium as a new species, Methanogenium aggre-
gans sp. nov., with the species description given below.

Methanogenium aggregans sp. nov. (ag’gre.gans. L: part.
aggregans adding to, aggregating, forming clumps) cells
stain gram negative; irregular cocci occur singly or in
aggregates and have an average diameter of 1 pm. Not
motile; sensitive to 0.03% sodium dodecy! sulfate. H,-CO,
and formate are substrates for growth and methane produc-
tion. Acetate, methanol, and methylamine are not metabo-
lized. Acetate plus either yeast extract or Trypticase pep-
tone is required for growth.

NaCl requirement, <0.2%.

The optimal growth temperature is 35°C. The pH for
optimum growth is between 6.5 and 7.0.

The guanine-plus-cytosine content is 52 mol%.

The type strain is strain MSt (= DSM 3027).
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