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Abstract. Anaerobic bacteria degrading 2-methoxyethanol
were enriched from freshwater sediments, and three strains
were isolated in pure culture. Two of them were Gram-
positive non-spore-forming rods and grew strictly
anaerobically by acetogenic fermentation. Optimal growth
occurred at 30°C, initial pH 7.5—8.0. 2-Methoxyethanol
and 2-ethoxyethanol were fermented to acetate and cor-
responding alcohols. Hydrogen plus carbon dioxide,
formate, acetoin, L-malate, lactate, pyruvate, fructose, and
methoxyl groups of 3,4,5-trimethoxybenzoate and 3,4,5-
trimethoxycinnamate were fermented to acetate. 1,2-Pro-
panediol was fermented to acetate, propionate, and pro-
panol. Strain MuME1 was described as a new species,
Actetobacterium malicum. It had a DNA base composition
of 44.1 mol% guanine plus cytosine. The third strain,
which was identified as Pelobacter venetianus, fermented
2-methoxyethanol to methanol, ethanol, and acetate.
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2-Methoxyethanol (Methyl Cellosolve, ethyleneglycol
monomethylether) is a compound which has been used
widely as an organic solvent since ca. 1956. To our knowl-
edge 2-methoxyethanol is a xenobiotic compound, but it is
known that 2-methoxyethano! can be degraded completely
to methane plus carbon dioxide under anaerobic conditions
by an undefined mixture culture (Tanaka et al. 1986).

In the present study 2-methoxyethanol-degrading
anaerobes were enriched, and three strains were isolated in
pure culture. Two strains were acetogenic nonspore-forming
bacteria that fermented not only 2-methoxyethanol and 2-
ethoxyethanol but also L-malate, three compounds that are
not utilized by known species of the genus Acetobacterium.
The new strains are described as a new species of the genus
Acetobacterium, A. malicum sp. nov. The third strain using
2-methoxyethanol was identified as Pelobacter venetianus
(Schink and Stieb 1983). Metabolic difference between
A. malicum and P. venetianus concerning fermentation of 2-
methoxyethanol is described.

* Present address and address for offprint requests: Fermentation
Research Institute, Tsukuba, Ibaraki 305, J. apan

Materials and methods
Strains and sources of organisms

Strains MuME1 and WoME1 were isolated in pure culture
from enrichment cultures inoculated with freshwater sedi-
ments of ditches in Wollmatingen, Konstanz, FRG. Strain
LiME1 was isolated in pure culture from an enrichment
culture inoculated with freshwater sediment of a ditch in
Litzelstetten, Konstanz, FRG.

Acetobacterium woodii strain NZval6, A. wieringae
strain C (DSM 1911), and A. carbinolicum strain WoPropl
(DSM 2925), Pelobacter venetianus strain GraPEG1 (DSM
2394), and P. carbinolicus strain GraBd1 (DSM 2380) were
kindly provided by E. Kayser from the Konstanz culture
collection.

Media and cultivation

The basal freshwater medium contained per liter distilled
water: 0.2 g KH,PO,, 0.3 g NH,Cl, 0.4 ¢ MgCl, - 6 H,0,
and 0.15g CaCl,-2H,0. The following sterile stock
solutions were added to the autoclaved cooled basal medium
(per 1): 40 ml sodium bicarbonate solution (2.5 g/40 ml),
3 ml of a sodium sulfide solution (12 g/100 ml), 1 ml of a
trace element solution SL10 (Widdel et al. 1983), 1 ml of a
selenite/tungstate solution (Tschech and Pfennig 1984), and
1 ml of a 7-vitamin solution (Widdel and Pfennig 1981).
Substrates were added from sterile neutralized stock
solutions before inoculation. The pH of the medium was
adjusted to 7.3—7.5 in enrichment and isolation experi-
ments, but to 7.8 — 8.0 after pH-optimum experiments. Pure
cultures were obtained by repeated application of the agar
deep dilution method described by Pfennig (1978).

Utilization of carbon sources and electron acceptors was
tested in 20 ml screw cap tubes. Use of H, plus CO, was
tested in 20 ml tubes that contained 10 ml inoculated me-
dium and were sealed with butyl rubber stoppers. Growth
was followed in the test tubes by turbidity measurements at
600 nm in a Bausch & Lomb Spectronic 70 spectro-
photometer. All growth tests were carried out in duplicates
at 28°C unless indicated otherwise. Time course experiments
were carried out using half-filled 120 ml serum bottles which
were shaken at a frequency of 90 rpm at an amplitude of
2 cm at 28°C. Optical density in the bottle was measured
after sampling using a 1 cm cuvette.

Analytical procedures

Volatile fatty acids were determined using a Perkin-Elmer
gas chromatograph with FID, with a 2m PEG 6000/
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Table 1

Substrates tested for growth of
2-methoxyethanol-degrading
strains of Acetobacterium
malicum compared with A, woodii,
A. wieringae, and A. carbinolicum

Abbreviation: PEG, poly-
ethyleneglycol

Symbols: +w, weak growth; * data
in this study.

2 Data from Balch et al. (1977),
Bache and Pfennig (1981)

b Data from Braun and Gottschalk
(1982). Growth tests were carried
out in defined medium in the pres-
ence of 1 g/l yeast extract

¢ Data from Eichler and Schink

Substrate
(mM used in this study)

A. woodii**  A. A
- wieringae®*  carbinoli-
LiME1 cum®

A. malicum strain

MuME1

H,/CO, (80/20, v/v)
Formate (10)
Methanol (5; 10)
Trimethoxybenzoate (2)
Trimethoxycinnamate (2)
Ethanol (10)

Propanol (10)

Butanol (10)

Pentanol (10)
1,2-Propanediol (5)
2,3-Butanediol (10)
Acetoin (5)

Glycerol (10)
Fumarate (10)
L-Malate (5)
Oxaloacetate (5)
Lactate (10)

Pyruvate (10)

Glucose (10)

Fructose (2)
Ethyleneglycol (10)
Tetraethyleneglycol (10)
PEG 200 (1 g/i)
2-Methoxyethanol (10)
Methoxyacetate (10)
Glycollate (10)
2-Ethoxyethanol (10)
Ethanolamine (10)
Choline (5)
Trimethylamine (10)
Betaine (10)

Glycine (10)
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Shimalite TPA (30— 60 mesh) column, at oven temperature
of 120°C, injector and detector temperature of 140°C.
Before injection 0.45 ml of the culture supernatant was
acidified with 0.05 ml of 1 M phosphoric acid. Alcohols and
acetaldehyde were determined using the same gas
chromatograph with a 2m Porapak QS (100120 mesh)
column, at oven temperature of 140°C, injector and detector
temperature of 160°C, without acidifying the supernatant.

Sulfide was determined photometrically by the methyl-
ene blue method (Cline 1969). Nitrate was determined by
the salicylic acid-nitration method (Cataldo et al. 1975) after
sulfide was removed by precipitation with zinc acetate and
centrifugation as described by Seitz and Cypionka (1986).

Cytochromes were surveyed according to Seitz and
Cypionka (1986) using a double beam spectrophotometer
(Shimadzu UV300).

Cell dry mass was determined as described by Klemps
et al. (1985). Substrate assimilated into cell material was
calculated via acetate according to the foilowing equation:

17 CH;COO~ + 11 H,0 >
8 (C,H,0;> +2HCO; +150H" .

Cell dry weight of strain MuME1 was calculated by means
of cell density using the conversion factor 0.1 ODggo =
18.3 mg dry weight per liter, which was obtained by direct

determination in 500 ml cultures grown with 2-methoxy-
ethanol.

The G + C contents of the DNA were kindly determin-
ed by Dr. Flossdorf (GBF, Braunschweig, FRG) using
the CsCl-gradient-ultracentrifugation-method (Flossdorf
1983).

Other methods

Gram-staining was carried out according to Magee et al.
(1975). Gram-type tests using KOH were carried out as
described by Gregersen (1978).

The API 20A system (for identification of anaerobic
bacteria) was used according to the prescription of API
System S.A., Montalien Vercieu (France).

Growth tests in aerobic-anaerobic-gradient agar were
carried out using tubes which were half filled with a sodium
sulfide-reduced agar medium containing 10 mM 2-methoxy-
ethanol and 1 mg/l resazurin under air with butyl rubber
stoppers.

Results
Enrichment and isolation

Freshwater medium containing 10 mM 2-methoxyethanol
was inoculated with freshwater sediments obtained near



Fig. 1a—c. Phase-contrast photomicrographs of the new isolates.
Strain MuME1 was grown on 5 mM L-malate (a) and 10 mM 2-
methoxyethanol (b). Arrows indicate abnormal swollen cells of
strain MuME1. Strain LIME1 was grown on 10 mM 2-methoxy-
ethanol (c). Bar represents 10 pm

Konstanz. Bacterial growth was observed within 2 weeks.
Transfer of the cultures to fresh media shortened the lag
phase to 2 or 3 days. Pure cultures were obtained from
single white colonies after repeated application of agar deep
dilution method using 10 mM 2-methoxyethanol as a sub-
strate.

Strains WoME1 and MuME1 were isolated in this way.
Strain LiME1 was purified similarly using 10 mM 2-
methoxyethanol, however, no growth was obtained if colo-
nies were isolated into liquid medium with 10 mM 2-meth-
oxyethanol. If 10 mM acetoin was used, isolated colonies
grew well. Afterwards there was no difficulty to grow the
strain in liquid media containing 10 mM 2-methoxyethanol.

General properties of strains MuME] and LIME]

In aerobic-anaerobic-gradient agar tubes the strains
MuMET1 and LiME1 grew only in lower part in which res-
azurin was still reduced (colorless; from 1—2 cm below the
agar surface down to the bottom). This indicated that the
strains were strictly anaerobic. When strains MuME1 and
LiME1 were grown on 5 mM L-malate, cells were ellipsoidal
rods, 1.0~1.3x1.8—4.0 um in size, with slightly pointed
ends; cells occurred singly or in pairs (Fig. 1a). If they were
grown with 10 mM 2-methoxyethanol, strain MuME1
tended to swell abnomally (Fig. 1b), while strain LIME1
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Table 2. Substrate utilization by Pelobacter venetianus strain
WoME1

Substrate utilized:

Acetoin (10 mM), Ethanolamine (10 mM), Choline (10 mM),
Polyethyleneglycol 200 (1 g/l), Tetraethyleneglycol (10 mM),
2-Methoxyethanol (10 mM)

Substrate utilized only in coculture with a hydrogen-scavenging
bacterium: Ethanol (10 mM), Propanol (10 mM),
Butanol (10 mM)

Substrate utilized only in the presence of acetate (10 mM):
1,2-Propanediol (10 mM), 1,3-Butanediol (10 mM),
Glycerol (10 mM)

Acetobacterium woodii strain NZvai6 was used as a hydrogen-
scavenging bacterium.

The following substrates were not utilized: methanol (10 mM),
isopropanol (10 mM), 2-ethoxyethanol (10 mM), ethyleneglycol
(10 mM), diethyleneglycol (10 mM), triethyleneglycol (10 mM),
polyethyleneglycol 300 (1 g/1), polyethyleneglycol 400 (1 g/l),
polyethyleneglycol 1000 (1 g/l), polyethyleneglycol 1540 (1 g/1),
polyethyleneglycol 4000 (1 g/l), polyethyleneglycol 6000(1 g/1),
polyethyleneglycol 20000 (1 g/1), 1,3-propanediol (10 mM), 1,2-
butanediol (10 mM), 1,3-butanediol (10 mM), 1,4-butanediol
(10 mM), 2,3-butanediol (10 mM), 1,2-dimethoxyethane (10 mM),
methoxyacetate (10 mM), gallate (2 mM), diacetyl (10 mM), Brij 58
(1 g/1), Triton X-100 (1 g/1), Triton X-114 (1 g/), Tween 80 (1 g/1),
yeast extract (1 g/l), peptone (1 g/1), casamino acids (1 g/1), formate
(10 mM), acetate (10 mM), glycolate (10 mM), lactate (10 mM),
oxalate (10 mM), citrate (10 mM), malonate (10 mM), glyoxylate
(10 mM), r-tartrate (10 mM), succinate (10 mM), oxaloacetate
(10 mM), threonine (10 mM), glycine (10 mM), methionine
(10 mM), serine (10 mM), fructose (2 mM), sorbose (2 mM). The
following substrates were not utilized in tests using API 20A System:
glucose, mannitol, lactose, saccharose, maltose, salicin, D-xylose,
L-arabinose, cellobiose, mannose, melizitose, raffinose, sorbitol,
rhamnose, and trehalose.

The following substrates were not utilized even in the presence
of elemental sulfur: H,/CO, (80/20, v/v) plus acetate (10 mM),
pyruvate (10 mM), fumarate (10 mM), pL-malate (10 mM), ethanol
(10 mM), propanol (10 mM), butanol (10 mM)

grew normally (Fig. 1¢). Both strains stained Gram-positive,
and the Gram-types were positive. Spores were never ob-
served. No growth occurred in pasteurized enrichment
cultures (80°C, 10 min) with 2-methoxyethanol even after 8
weeks of incubation. Catalase was not detected in intact cells
of each strain. No cytochromes were detected in cell-free
extracts of each strain.

Both strains showed optimal growth at 30°C, initial
pH 7.5—8.0. Strain MuME1 grew at 28~35°C, initial
pH 7.0—9.0. Strain LiIME1 grew at 20—33°C, initial
pH 6.5—8.5.

Under the optimal condition, doubling times of strains
MuME1 and LiME1 growing on 2-methoxyethanol were
22h and 9.3 h, respectively. Doubling times of strains
MuME! and LiME1 growing on L-malate were 7.5 h and
5.2 h, respectively.

Figure 2a shows growth and fermentation of 2-methoxy-
ethanol by strain MuMEI1. This strain accumulated
acetaldehyde temporarily as an intermediate. With strain
LiMET1 similar results were obtained, however, acetaldehyde
could not be detected as an intermediate.

In the presence of 2-methoxyethanol (10 mM), nitrate
(10 mM), sulfate (10 mM), sulfite (1 —10 mM), thiosulfate
(10 mM) and sulfur (excess) were tested as electron acceptors
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with strains MuME1 and LiME1. None of the electron
acceptors was reduced by either strain. The mol % G + C of
strains MuME1 and LiME1 were 44.1 and 43.9, respectively.

These characteristics as well as the substrates utilized
(Table 1) indicate that these bacteria are members of the
genus Acetobacterium. The species problem is treated in the
Discussion.

General properties of strain WoME]

Strain WoME1 grew only in the colorless part of the aerobic-
anaerobic-gradient agar tubes indicating strict anaerobiosis.
When strain WoME1 was grown on 5 mM acetoin or 10 mM
2-methoxyethanol, cells were rods, 0.5—0.9 x 0.9 —10 pm in
size; cells tended to elongate and to form chains of two or
more cells. Cells stained Gram-negative and the Gram-type
was negative. Spores were never observed. Pasteurized
enrichment cultures did not yield growth even after 8 weeks
of incubation. Catalase activity was detected with intact
cells. Cytochromes could not be detected in cell-free extract
of strain WoME1.

Indole was not formed from tryptophan. Gelatin and
urea were not hydrolyzed. Optimal growth occurred at
35°C; the temperature limits were 15°C and 39°C. The
pH-optimum was at pH 8.0; the pH limits were pH 6.0
and 8.5.

Under optimal conditions, the doubling time of strain
WoME1 growing on 2-methoxyethanol (10 mM) or acetoin
(5 mM) was 6.1 h or 11 h, respectively.

Figure 2b shows growth and substrate consumption,
product formation, and pH-change during fermentation of
2-methoxyethanol by strain WoMEL. Characteristically
ethanol is formed as a fermentation product in addition to
methanol and acetate.

Strain WoME1 grew with 2-methoxyethanol (10 mM)
in the presence of elemental sulfur, which was reduced to
hydrogen suifide in the stationary phase. Fermentation
products were methanol and acetate, but no ethanol. Addi-
tion of sulfur did not increase the growth yield with
2-methoxyethanol.

ODgoo

Fig. 2

Time course of fermentation of 2-methoxyethanol by strain
MuME1 (a) and WoMEI1 (b). Half-filled serum bottles

(120 ml) were used for cultivation. Gas phase was 100%
nitrogen. The bottles were shaken at a frequency of 90 rpm
at an amplitude of 2 cm at 28° C. ODgqo was measured using
a 1 cm cuvette. Symbols: V pH; O 2-methoxyethanol; @
acetate; A methanol; O acetyldehyde; B ethanol; & ODgg0

In the presence of 2-methoxyethanol, nitrate (10 mM),
sulfate (10 mM), suifite (1 mM), or thiosulfate (10 mM)
were tested as electron acceptors with strain WoME1. None
of the compounds was reduced. The mol% G + C of strain
WoME1 was 53.1.

On the basis of these characteristics as well as the sub-
strates fermented (Table 2), strain WoME1 was identified as
a member of the species Pelobacter venetianus (Schink and
Stieb 1983).

Fermentation balance and growth yields
of strains MuME] and LiME]

The stoichiometry of substrate utilization and product
formation was measured with strains MuME1 and LiME1.
The results obtained with strain MuME1 are presented in
Table 3. The fermentation balances of substrates that have
not been considered previously are given here:

L-Malate,
2[00CCH,CHOHCOO}*~ +2H,0—~3CH;CCO~
+2HCO; +H*;

Alcoxyethanols,
4ROCH,CH,0H + 2HCO3; - 4ROH + 5CH3COO~
+3H"*.

The amounts of products formed by strain MuME1 (see
Table 3) were in good agreement with these fermentation
balances. Growth yields were determined with all substrates.
Fructose gave the highest growth yield. With strain LiME1
basically the same results were obtained with the exception
of 2-ethoxyethanol. This compound was degraded nearly
according to the foliowing equation by strain LIME1:

C,H;OCH,CH,0H + 0.5H,0 + 1.22HCO3
—0.28 C,HsOH + 2.33CH,CO0 ™~ +1.11H* .
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Pelobacter

mal i cum venetianus
HOCH,CH,OCH3
OIH
CH3CHOCH,
5’ 20 H,0 ]
- = Fig. 3
CH3 COOH ( CH 3 CHO 2 CH 3 COOH Hypothetical pathways for fermentation
1 + 2[H] of 2-methoxyethanol by Acetobacterium malicum
ZC H3 COOH 1 \ 2[H] CH30H 1 (left branch) and Pelobacter venetianus (right
ECOZ : ECZ H50H branch)
]
Table 3. Stoichiometry of fermentation by Acetobacterium malicum strain MuME1
Substrate Anmount Acetate Products Amounts Growth Carbon
of substrate assimilated formed of products yield recovery®
supplied (umol) formed (g/mol) (%)
(pmol) (umol)
H,/CO, 332 8.0 Acetate ! 1.17 95
Formate® 200 7.2 Acetate 50 1.75 114
Trimethoxybenzoate® 40 19.2 Acetate 73 23.25 102
Trimethoxycinnamate® 40 12.8 Acetate 84 15.50 107
1,2-Propanediol 100 9.5 Acetate 22
+ Propanol 10
+ Propionate 66 4.60 85
Acetoin 100 16.3 Acetate 240 7.90 102
Glycerol® 200 12.2 Acetate 100 2.95 -
L-Malate 100 20.4 Acetate 142 9.90 108
Lactate 200 18.2 Acetate 280 4.40 99
Pyruvate 200 22.7 Acetate 194 5.50 86
Fructose 40 30.1 Acetate 102 36.50 109
2-Methoxyethanol 200 14.6 Acetate 240
+ Methanol 160 3.55 96
2-Ethoxyethanol 200 12.2 Acetate 258
+ Ethanol 220 2.95 109
Choline? 100 29.5 Acetate 220 14.30 -
Betaine* 200 18.2 Acetate 126 4.40 -

Experiments were carried out in 20 ml tubes which were completely filled. Growth on H,/CO, was tested in half-filled tubes under an

atmosphere of 80% H,/20% CO..

* Carbon recovery in pure culture was calculated after the given equations of fermentation (see Text)

® Yeast extract (0.5 g/l) was added to increase reproducibility
° Stoichiometry concerning methoxyl groups
4 Details were not studied

Discussion
Taxonomy of strain MuME] and LiME]

The morphological, physiological and biochemical charac-
teristics of strains MuME1 and LiME1 show that these
strains are members of the genus Acetobacterium. The strains
differ, however, from all Acetobacterium species described
so far (see Table 1) by their capacity to ferment 2-methoxy-
ethanol, 2-ethoxyethanol and L-malate, as well as their in-
ability to ferment methanol, oxaloacetate and ethyleneglycol
(MuMZE1). On the basis of these differences, it appears justi-
fied to consider the alcoxyethanol- and malate-fermenting
strains as a new species of the genus Acetobacterium, A.
malicum sp. nov.

Physiology

All our methanogenic enrichment cultures on 2-methoxy-
ethanol yielded bacteria that belonged to either one of the
two types of bacteria described in the present paper. Appar-
ently there are rarely other metabolic types of bacteria that
ferment 2-methoxyethanol.

Syntrophy with methanogenic bacteria is not required
for the degradation of 2-methoxyethanol and the presence
of methanogens did not alter the fermentation pathway
in cases of Acetobacterium malicum strains MuME1 and
LiME1. Coculture with methanogens is purely com-
mensalistic in the sence that the fermentation products meth-
anol and acetate are further metabolized to methane and
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CO, by Methanosarcina barkeri that was regularly present
in methanogenic enrichment cultures.

The second bacterium capable of fermenting 2-methoxy-
ethanol was Pelobacter venetianus. In this case, however,
coculture with hydrogen-scavenging bacteria did alter the
kind of fermentation products, since ethanol was not formed
in their presence. The same results were obtained by Schink
and Stieb (1983) using defined cocultures.

2-Methoxyethanol was fermented by Acetobacterium
malicum strains MuME1, LIME1, and Pelobacter venetianus
strain WoME1, but 1,2-dimethoxyethane was not fermented
by any strain (the results with strains MuME1 and LiME1
are not shown). This result suggests that a terminal hydroxy
group is necessary for the degradation. The necessity was
pointed out also by Strass and Schink (1986) in the degrada-
tion of polyethyleneglycol by Pelobacter venetianus.

The first step for the fermentation of 2-methoxyethanol
is considered to be hydroxy group transfer mediated by
B,, coenzyme (Toraya and Fukui 1982) with formation of
acetaldehyde half-acetal (Strass and Schink 1986). The half-
acetal could be degraded to methanol and acetaldehyde;
acetaldehyde is then oxidized to acetate. The reducing equi-
valents are utilized to reduce carbon dioxide to acetate by
Acetobacterium malicum strains MuME1 and LiME1, or
to reduce acetaldehyde to ethanol by Pelobacter venetianus
strain WoME1 (Fig. 3).

1-Malate was completely fermented to acetate by
Acetobacterium malicum strains MuME1 and LiME1. A
hypothetical pathway for degradation of L-malate is as
follows: L-malate — oxaloacetate — pyruvate — acetate.
Among two hypothetical intermediates, pyruvate was
fermented to acetate by the two strains, but oxaloacetate
was not utilized by them for an unknown reason.

In a previous study (Tanaka et al. 1986) it was proposed
that 2-methoxyethanol was degraded through two hypo-
thetical pathways as follows: pathway I, 2-methoxyethanol
- methoxyacetate — glycollate - — — methane plus carbon
dioxide; pathway II, 2-methoxyethanol — ethyleneglycol —
ethanol plus acetate — acetate — methane plus carbon
dioxide. In the present study, three strains of bacteria were
isolated which used two different pathways, both similar to
pathway II with acetaldehyde as an intermediate. Using
defined cocultures or pure cultures, no evidence could be
obtained for the operation of pathway I.

A. malicum sp. nov.

ma’licum. M.L.adj. malicum pertaining to malic acid.
Acetobacterium malicum: an acetogenic bacterium fer-
menting malic acid.

Rod-shaped cells, 1.0—1.3 x1.8—4.0 um, with slightly
pointed ends, single or in pairs. Motile. No spore formation.
Gram-positive.

Chemoorganotroph or autotroph. L-Malate, 2-methoxy-
ethanol, 2-ethoxyethanol, ethyleneglycol, acetoin, lactate,
pyruvate, fructose, and formate as well as methoxyl groups
of methoxylated aromatic compounds utilized for growth
and fermented to acetate. 1,2-Propanediol fermented to pro-
panol, propionate, and acetate.

Autotrophic growth occurs on H,/CO, with acetate as a
fermentation product. Sulfate, sulfite, thiosulfate, elemental
sulfur, or nitrate not reduced. No cytochromes. Strictly an-
aerobic. Optimal initial pH 7.5—8.0, no growth at initial
pH 6.0 and 9.5. Optimal temperature: 30°C, no growth

at 16°C and 40°C. Habitats: anoxic mud of freshwater
ditches.

DNA base ratio: 44.1 mol% G + C.
Type strain: MuME1, DSM 4132; deposited in Deutsche
Sammlung von Mikroorganismen, Gottingen, FRG.
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