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A new acetotrophic marine methane-producing bacterium that was isolated from the methane-evolving
sediments of a marine canyon is described. Exponential phase cultures grown with sodium acetate
contained irregularly shaped cocci that aggregated in the early stationary phase and finally differentiated
into communal cysts that released individual cocci when ruptured or transferred to fresh medium. The
irregularly shaped cocci (1.9 = 0.2 mm in diameter) were gram negative and occurred singly or in pairs.
Cells were nonmotile, but possessed a single fimbria-like structure. Micrographs of thin sections showed a
monolayered cell wall approximately 10 nm thick that consisted of protein subunits. The cells in aggregates
were separated by visible septation. The communal cysts contained several single cocci encased in a
common envelope. An amorphous form of the communal cyst that had incomplete septation and internal
membrane-like vesicles was also present in late exponential phase cultures. Sodium acetate, methanol,
methylamine, dimethylamine, and trimethylamine were substrates for growth and methanogenesis; H,—CO,
(80:20) and sodium formate were not. The optimal growth temperature was 35 to 40°C. The optimal pH
range was 6.5 to 7.0. Both NaCl and Mg®* were required for growth, with maximum growth rates at 0.2 M
NacCl and 0.05 M MgSO,. The DNA base composition was 41 = 1% guanine plus cytosine. Methanosarcina

acetivorans is the proposed species. C2A is the type strain (DSM 2834, ATCC 35399).

Low rates of methanogenesis occur in sulfate-rich marine
sediments where sulfate reduction is the predominant termi-
nal process in the anaerobic degradation of organic matter
(34, 35). Methanogenesis predominates in marine environ-
ments where sulfate is readily depleted, which include the
lower depths of marine sediments (24), sediments that re-
ceive large amounts of organic matter (26), and the elevated
portions of marine marshes (14). Although acetate is the
major precursor for methanogenesis in these sulfate-deplet-
ed sediments (31), marine acetotrophic methane-producing
bacteria have not been isolated.

Several methanogenic bacteria that utilize H, or formate
for growth have been isolated from marine sediments (7, 9,
11, 28-30, 39, 40). Recently, two marine methylotrophic
species, ‘‘Methanococcoides methylutens’ (36) and Meth-
anolobus tindarius (15), were described, but neither utilizes
acetate for growth. We describe here the first marine meth-
anogenic bacterium reported that utilizes acetate in addition~
to methanol and methylated amines as a substrate for growth
and methanogenesis.

MATERIALS AND METHODS

Source of inoculum. Marine sediment was obtained as
described previously (36) from the Sumner branch of Scripps
Canyon located near La Jolla, Calif.

Media. Sterile media were prepared under an N,—CO,
(80:20) atmosphere by a modification of the Hungate tech-
nique (2). All gases were passed through a column of
reduced copper filings at 350°C to remove traces of O,.
Enrichment medium was as described previously (36) with
0.02 M sodium acetate as the substrate. The enrichment
medium contained artificial seawater supplemented with the
following constituents at the indicated final percent composi-
tions (weight/volume): NH,CI, 0.05; Na,CO;, 0.1;
Na,HPO4, 0.035; NaH,PO,4, 0.030; cysteine-HCI - H,O,
0.025; Na,S - 9H,0, 0.025; FeSOy, 0.001; resazurin, 0.0001.
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In addition, 1% (vol/vol) vitamin solution and 1% (vol/vol)
trace element solution were added (43). The final pH of the
medium was 7.2. Roll tubes contained enrichment medium
with the addition of 2% purified agar. Maintenance medium
(36) contained the following constituents at the indicated
final percent compositions (weight/volume) in demineralized
water: NaCl, 2.34; MgSQ,, 0.63; Na,COs, 0.5; yeast extract,
0.1; NH4CI1, 0.05; KCI, 0.08; CaCl, - 2H,0, 0.014;
Na,HPO,, 0.06; cysteine-HCI - H,0, 0.025; Na, S - 9H,0,
0.025; resazurin, 0.0001. In addition, 1% (vol/vol) each of
vitamin and trace element solutions (43) and 0.05 M of the
indicated substrate were added to the medium. The final pH
of the medium was 7.2. Strains were maintained on agar
slants of maintenance medium with sodium acetate con-
tained in 16- by 150-mm anaerobe tubes (Bellco Glass, Inc.,
Vineland, N.J.) that were sealed with butyl rubber stoppers.

Enrichments and isolation. Enrichments were started by
adding sediment (5 ml) to 160-ml serum vials (Wheaton
Scientific, Millville, N.J.) that contained 45 ml of enrichment
medium. The vials were purged with N,—-CO, (80:20) and
sealed with butyl rubber septa secured by aluminum crimp
collars (2). The cultures were incubated in the dark at 25°C.
After methane production subsided, 5 ml of the culture was
anaerobically transferred into a new vial of sterile enrich-
ment medium. This procedure was repeated for five succes-
sive transfers, and then 1 ml of the culture was transferred to
an agar slant of maintenance medium that contained 0.05 M
sodium acetate and vancomycin (100 mg/liter). The use of
agar slants enhanced growth, and the vancomycin inhibited
the growth of nonmethanogenic organisms. When the liquid
of syneresis became turbid, serial dilutions of the culture
were inoculated into tubes (25 by 150 mm) of molten agar
maintenance medium containing sodium acetate and then
rolled (4). Colonies were picked with a bent, sterile Pasteur
pipette. The plug of agar containing a colony was transferred
to the liquid of syneresis in a sterile agar slant of mainte-
nance medium. All strains were maintained by monthly
transfer on agar slants incubated at 20°C.






