METHANOSPIRILLUM

Table 25.6.
Differential characteristics of the genera Methanomicrobium,
Methanogenium and Methanospirillume
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Table 25.7.
Differential characteristics of the species of the genus
Methanomicrobium?

Methanomicrobium
Methanospirillum

Methanogenium

Characteristic

Cell morphology
Short, straight to
curved rods, no fila-
ments, sometimes
coccoid
Slender curved - - +
rods, form long spi-
ral filaments
Presence of cell - - +
sheath
Mol% G + C of
DNA
Immunological re- +
sponse of cells to
M. mobile antiserum

+
+
|

44.9-48.8 51.6-61.2 45.0-46.5

Weak -

sSymbols: +, property of the genus; and —, not a property of the genus.

Growth occurs from 30 to 45°C with an optimum at ~40°C; no growth
at 28 or 50°C. The pH range is 5.9-7.7 with an optimum at 6.1-6.9, in bi-
carbonate or acetate buffers. Tris-hydrochloride (0.1 M) buffer is com-
pletely inhibitory, and phosphate (0.1 M) reduces methanogenesis by
~50%. The organism is isolated from the bovine rumen; ~108
organisms/ml of rumen contents.

The mol% G + C of the DNA is 48.8 (Bd).

Type strain: BP (DSM 1539).

2. Methanomicrobium paynteri Rivard, Henson, Thomas and
Smith 1984, 91.V7 (Effective publication: Rivard, Henson, Thomas and
Smith 1983, 489"

Characteristic 1. M. mobile 2. M. paynteri
Motility + -
Substrates for growth and

methanogenesis

Hg + COZ + +
Formate + —
Nutrient requirement
Acetate + +
Unidentified growth factor + -
present in rumen fluid and

M. thermoautotrophicum
Growth and methanogenesis + -

inhibited by Tris-HCl or

phosphate

buffers (0.1 M)
sSymbols: +, property of the species; and —, not a property of the species.

payn.ter'i. N.L. gen. n. paynteri of Paynter; named after M. J. B.
Paynter who first isolated a species of the genus.

See genus description for general characteristics.

The only substrate for growth and methanogenesis is H,-CO,. Etha-
nol, methanol, methylamine, dimethylamine, trimethylamine, formate,
acetate, pyruvate, propionate, glutamate and glucose are not used.
Growth is stimulated by yeast extract and trypticase peptones, but the
unidentified factor for M. mobile is not required. Optimum sodium ion
concentration is 0.15 M, with growth occurring from 0 to 0.8 M. Optimal
pH: 7.0, ranging from 6.6 to 7.3: limits are not known. Tris-HClI, phos-
phate and a variety of other buffers are not inhibitory. Temperature
range: 25-42°C with an optimum at 40°C; no growth at 20 or 45°C.

Oligonucleotide catalogs of 16S rRNA support the placing of this or-
ganism in the family Methanomicrobiaceae.

Isolated from marine sediment collected from a mangrove swamp,
Grand Cayman, British West Indies.

The mol% G + C of the DNA is 44.9 (Bd).

Type strain: G-2000 (ATCC 33997; DSM 2545).

Genus Il. Methanospirillum Ferry, Smith and Wolfe 1974, 4694

JAMES G. FERRY

Me.tha.no.spi.ri'lum. M.L. n. methanum methane; Gr. n. speira a spiral; M.L. neut. n. Methanospirillum methane

(-producing) spiral.

Symmetrically curved rods 0.4-0.5 X 7.4-10 pm that usually
form wavy filaments from 15 to several hundred pm in length. Gram-
negative. Progressively motile by means of polar, tufted flagella.
Organism is strictly anaerobic. Optimum temperature: 30-37°C. For-
mate or H, are substrates for growth and methanogenesis. Auto-
trophic to heterotrophic nutrition.

The mol% G + C of the DNA is 45 (Bd) and 46.5-49.5 (Td).

Type species: Methanospirillum hungatei Ferry, Smith and Wolfe
1974, 469.

Further Descriptive Information

The cellular morphology of Methanospirillum hungatei strain JF-1,
taken from a culture in midgrowth phase, is shown in Fig. 25.7. Phase-
contrast micrographs of lysed cells expose a continuous outer sheath
which encases individual cells joined at the ends which form filaments
(Ferry et al., 1974). Thin sections of filaments show a double-layered cell
envelope comprised of the outer sheath and a cell wall sacculus contigu-
ous with the outer membrane of individual cells that are joined by a “cell

spacer” structure (Zeikus and Bowen, 1975b). The rigid protein sheath
contains a wide variety of amino acids, no amino sugars and only a trace
of neutral sugars and exhibits a distinct fibrillar surface pattern
(Kandler and Konig, 1978; Sprott and McKellar, 1980). Negatively
stained cells of strain JF-1 show surface striations (Fig. 25.8) which re-
sult from the presence of circumferential rings likened to the hoops of a
barrel (Sprott et al., 1987). The flexible cell wall sacculus is involved in
septum formation (Sprott et al., 1979; Sprott and McKellar, 1980).
Monoclonal antibodies against M. hungatei strain JF-1 do not bind
pseudomurein components or their analogs (Conway de Macario et al.,
1982b, c).

Surface colonies of M. hungatei strain JF-1 (1-3 mm in diameter) ap-
pear yellow, circular and convex with lobate margins (Ferry et al., 1974).
Microscopic examination of agar surface colonies shows a unique optical
pattern of regular light and dark striations approximately two cell
lengths (16 pm) apart (Fig. 25.9). Light blue surface colonies with ser-
rated edges are reported for M. hungateistrain GP1 (Patel et al., 1976).

Good growth of strain JF-1 occurs in a mineral salts medium and a H,-
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Figure 25.7. Phase-contrast micrograph of M. hungatei, showing
single cells and filaments. Wet mounts of cultures were prepared on glass
slides which had been coated with 2% washed Nobel agar (Difco).

Figure 25.8. Negatively stained whole cells of Methanospirillum
hungatei strain JF-1. An RCA EMU-3C electron microscope was used
for observing cells stained with a 0.02% (w/v) aqueous solution of phos-
photungstic acid adjusted to pH 7.0 with potassium hydroxide.

CO; (80:20) atmosphere (Ferry and Wolfe, 1977), but strain GP1 also re-
quires acetate as a carbon source (Ekiel et al., 1983). The addition of
amino acids and a B-vitamin mixture, or yeast extract and Trypticase,
stimulate the growth of strain JF-1, but yeast extract and tryptone in-
hibit the growth rate of strain GP1 (Breuil and Patel, 1980). Other differ-
ences between strains JF-1 and GP1 include amino acid composition of
the outer sheath and the DNA base composition (Patel et al., 1976).
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Figure 25.9. Colony of M. hungatei developing on the surface of an

agar plate.

The energy-yielding metabolism (Ferry and Wolfe, 1977; Sprott et al.,
1983) and biosynthetic pathways (Sprott et al., 1979; Ekiel et al., 1983)
have received attention. Among 28 antibiotics tested, only enduracidin,
chloramphenicol, gramicidin S and monesin inhibited growth (Hilpert et
al., 1981). A decline in the growth rate and intracellular ATP concen-
tration occurs when cultures are exposed to dicyclohexylcarbodiimide
(Sprott and Jarrell, 1982). .

Strains of M. hungatei have been isolated from sewage-sludge and pear
waste digestors. A salt-tolerant strain has been isolated from marine sed-
iments by K. R. Sowers in the author’s laboratory. M. hungatei is the
dominant H,-utilizing organism associated with benzoate and fatty acid-
oxiding organisms in enrichment cultures from nonmarine habitats
(Ferry and Wolfe, 1976; Boone and Bryant, 1980; McInerney et al., 1981;
Mountfort and Bryant, 1982). Formate is metabolized at low concentra-
tions, which implies that this substrate may be directly utilized in some
habitats (Schauer et al., 1982).

Enrichment and Isolation Procedures

All procedures for the preparation of culture media and transfer of cul-
tures are done under an O,-free atmosphere of H,-CO, (80:20) (Balch et
al., 1979). Media for enrichment of M. hungatei contains minerals, vita-
mins, sodium formate, sodium acetate and cysteine-sulfide reducing
agent. A CO,-bicarbonate buffer system is used to maintain the pH be-
tween 6.8 and 7.2 (Ferry et al., 1974; Patel et al., 1976). Additions of ace-
tate and effluent from the habitat of the inoculum is recommended for
enrichment and isolation of new strains. Isolation media may include ad-
ditions of yeast extract and Trypticase. Colonies are most easily identi-
fied in deep agar roll tubes as diffuse light yellow colonies that develop in
correlation with the formation of methane.

Maintenance Procedures

Methanospirillum strains are maintained in the author’s laboratory
by biweekly transfer on agar slants of isolation medium.






