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Salimesophilobacter vulgaris gen. nov., sp. nov., an
anaerobic bacterium isolated from paper-mill
wastewater
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A novel anaerobic, heterotrophic bacterium, designated strain Zn2T, was isolated from the
wastewater of a paper mill in Zhejiang, China. Cells were Gram-type-positive rods, 0.5—0.8 um
wide and 2—4 um long, and were motile by a lateral flagellum. The ranges of temperature and pH
for growth were 10-50 °C and pH 6.0-9.5. Optimal growth occurred at 35 °C and pH 7.3-7.5.
The strain did not require NaCl for growth, but its inclusion in the medium improved growth
(optimum concentration 6 %). Substrates utilized as sole carbon sources were peptone, tryptone,
Casamino acids, D-xylose, salicin, glycerol, formate, acetate and propionate. The main products of
carbohydrate fermentation were acetate, formate, propionate and lactate. Elemental sulfur,
thiosulfate and Fe(lll) were used as electron acceptors, but sulfate, sulfite, nitrate, nitrite and
Mn(IV) were not. Growth was inhibited by the addition of 10 ug ampicillin, penicillin, tetracycline
or chloramphenicol ml™".is0-C1s.0, C14:0, C16:0, C16:1 cis9 and Cyg.¢ cis9 were the major fatty
acids. Strain Zn2" did not contain any detectable menaquinones or ubiquinones. The main polar
lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine,
phosphatidylserine, two unknown phospholipids and four unknown glycolipids. The genomic DNA
G+ C content was 37 mol%, as determined by HPLC. 16S rRNA gene sequence analysis
revealed that strain Zn2" was a member of family Clostridiaceae, and was most closely related to
the type strains of Geosporobacter subterraneus, Thermotalea metallivorans and Caminicella
sporogenes, showing 91.2, 90.3 and 91.1 % sequence similarity, respectively. On the basis of its
phenotypic and genotypic properties, strain Zn2" is suggested to represent a novel species of a
new genus, for which the name Salimesophilobacter vulgaris gen. nov., sp. nov. is proposed. The

type strain of Salimesophilobacter vulgaris is Zn2" (=DSM 247707 =JCM 17796").

Industrial wastewater is a specialized ecosystem for bacteria,
as it is often characterized by high salinity, low pH and/or
low O,. Microbiological degradation has been shown to be
an effective technology to treat industrial wastewater (Fang
et al, 2012). While developing this technology, the
microbiological composition of the wastewater has been
investigated, and several strains with low 16S rRNA gene
sequence similarity to known species have been isolated,
such as Citricoccus zhacaiensis (Meng et al., 2010), Pectinatus
brassicae (Zhang et al., 2012) and Brassicibacter mesophilus
(Fang et al., 2012). Here, we describe a novel species of a new
genus belonging to the family Clostridiaceae, represented by
an anaerobic, mesophilic, non-spore-forming bacterium
isolated from wastewater of a paper mill.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain Zn2" is HQ880422.

Three supplementary figures are available with the online version of this
paper.

Strain Zn2" was isolated in 2010 from a paper mill in the
town of Lingqiao (30° 15" N 120° 10" E), located in
Zhejiang Province, China. For the initial enrichment, we
used PYG medium, containing (per 1 distilled water) 10 g
peptone, 10 g yeast extract, 5 g glucose, 0.5 g cysteine,
1 mg resazurin and 40 ml salt solution (see DSMZ
medium 104), at pH 6.4. Serum bottles (50 ml) containing
a liquid phase of PYG medium under a gas phase of O,-free
N, were sealed and autoclaved for 20 min at 121 °C.
Bottles were inoculated anaerobically with approximately
10 % (v/v) wastewater sample and incubated at 32 °C for
7 days. The Hungate roll-tube technique (Hungate, 1969;
Bryant, 1972) was used to isolate strains from the turbid
enrichment cultures, using medium A (pH 6.4), which
contained (per | distilled water) 1.0 g Na,SO,, 30 g NaCl,
5¢g MgCl,.6H,0, 0.7 g KCI, 1.0 g CaCl,.2H,0, 0.5 g
NH4C1, 0.4 g KzHPO4, 0.4 g KH2PO4, 2 g NaHCO3, 2 mg
FeSO,, 5¢g vyeast extract (Difco), 3 g peptone, 5¢g
potassium acetate, 0.4 g L-cysteine, 0.5 g Na,S.9H,0,
0.001 g resazurin and 1 ml trace element solution SL-10
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(Widdel et al., 1983). Strains were purified at least twice
before being preserved in 25 % glycerol at —80 “C. One of
the isolates obtained, strain Zn2", was analysed further.

Genomic DNA was extracted and purified using the
method described by Marmur (1961). The 16S rRNA gene
was amplified by PCR using universal bacterial primers
27F (5'-AGAGTTTGATCCTGGCTCAG-3") and 1492R
(5'-GGTTACCTTGTTACGACTT-3'). An almost-com-
plete 16S rRNA gene sequence (1471 nt) was obtained
from strain Zn2". Sequence similarity analysis and multiple
sequence alignment were performed with the EzTaxon
service (Chun et al, 2007) and CLUSTAL W version 1.8
(Thompson et al., 1994), respectively. Phylogenetic trees
were reconstructed by the neighbour-joining (Saitou &
Nei, 1987), maximum-parsimony (Fitch, 1971) and max-
imum-likelihood methods with the MEGA4 program package
(Tamura et al., 2007). Evolutionary distances were calcu-
lated according to the algorithm of Kimura’s two-parameter
model (Kimura, 1980) for the neighbour-joining method.
Phylogenetic analysis based on 16S rRNA gene sequences
indicated that strain Zn2" was a member of family
Clostridiaceae, and was most closely related to the type
strains of Geosporobacter subterraneus, Thermotalea metalli-
vorans and Caminicella sporogenes, showing 91.2, 90.3 and
91.1 % sequence similarity, respectively (Fig. 1 and Fig. S1,
available in IJSEM Online).

The DNA G+C content was determined by HPLC, as
described by Mesbah et al. (1989), using Escherichia coli K-
12 DNA as the calibration standard. The genomic DNA
G+ C content of strain Zn2" was 37 mol%.

Hungate technique was used throughout the study for
physiological and metabolic characterization. The basal
medium was medium A, except that the medium was
adjust to pH 7.5 before sterilization for 20 min at 121 °C.
Cultures were grown under a gas phase of O,-free N,. Cell
morphology and motility were examined using optical
(Olympus BX40) and transmission electron (JEM-1230;
JEOL) microscopy during the late-exponential or station-
ary growth phase (Tan et al, 2012). Cells of strain Zn2"
were rods (0.5-0.8 x 2.0-4.0 pm) with a lateral flagellum.

Endospores were not observed. Ultrathin-section electron
micrographs revealed a typical Gram-positive cell-wall
structure (Fig. S2).

Specific sporulation genes ssp and spo0A were detected by a
PCR method as described by Brill & Wiegel (1997). Strains
of E. coli and Bacillus subtilis were used as negative and
positive controls, respectively. The result indicated that
strain Zn2" was potentially a spore-forming bacterium, but
endospores were not observed. We speculate that we did not
find the right conditions for strain Zn2" to form endospores.
G. subterraneus DSM 17957" and T. metallivorans JCM
15105" were also tested. The result was in accordance with
the observation of endospores of G. subterraneus DSM
17957" and T. metallivorans JCM 15105", as mentioned by
Klouche et al. (2007) and Ogg & Patel (2009).

Determination of optimal growth conditions for strain
Zn2" was conducted in medium A. All tests were
performed twice. The strain was cultured at 4, 10, 15, 20,
25, 30, 33, 35, 37, 39, 42, 50 and 55 °C, pH 5-10 (at
intervals of 0.5 pH units) and 0, 2-7 (in increments of
0.5%), 8, 10, 12 and 14 % NaCl. The medium was adjusted
to the desired pH using sterile solutions (10 %) of HCI or
NaOH, and MES (pH 5.5-6.0), PIPES (pH 6.5-7.0),
Tricine (pH 7.5-8.5), CAPSO (pH 9.0-9.5) or CAPS
(pH 10.0) was added at a concentration of 25 mM. The
optimal temperature for growth of strain Zn2" was 35 °C
(range 10-50 °C); no growth was observed above 50 °C or
below 10 °C after incubation for 10 days. The optimal pH
range for growth was pH 7.3-7.5 (range pH 6.0-9.5).
Optimal growth was observed at 6 % (w/v) NaCl. Growth
was observed in the absence of NaCl, but no growth
occurred at 12% NaCl. Strain Zn2" did not grow in
aerobic medium.

Substrate utilization was tested under a gas phase of O,-free
N,, using the salt solution of medium A minus potassium
acetate. The medium was adjusted to pH 7.3. All substrates
were tested in the presence of 0.1 g yeast extract 1~ (BD).
Complex proteinaceous substrates (10 g 17') such as
Casamino acids (BD) and peptone (BD), and organic acids
(20 mM), methanol (20 mM), ethanol (20 mM), glycerol

Clostridium felsineum DSM 7947 (X77851)
Clostridium aceticum DSM 14967 (Y18183)
Anaerovirgula multivorans SCAT (AB201750)

96 — Alkaliphilus oremlandii OhILAs™ (CP000853)

Natronincola peptidivorans Z-7031" (EF382661)

100 Geosporobacter subterraneus VNs68™ (DQ643978)
Thermotalea metallivorans B2-17 (EU443727)
Salimesophilobacter vulgaris Zn2" (HQ880422)
Caminicella sporogenes AM1114T (AJ320233)

Clostridium halophilum DSM 53877 (X77837)
Clostridium caminithermale DVird3™ (AF458779)
Clostridium butyricum VPI32667 (AJ458420)

Clostridium formicaceticum DSM 927 (X77836)

98 Alkaliphilus transvaalensis SAGM1T (AB037677)
Anoxynatronum sibiricum Z-79817 (AF522323)
700 Tindallia texcoconensis IMP-300" (DQ234901)
100 Tindallia californiensis APOT (AF373919)
98 Tindallia magadiensis DSM 103187 (Y15626)

Fig. 1. Neighbour-joining phylogenetic tree
based on a comparison of the 16S rRNA gene
sequences of strain Zn2" and its closest
relatives. Bar, 2 changes per 100 nucleotide
positions. Maximum-parsimony and maximum-
likelihood trees are shown in Fig. S1.
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(25 mM), sorbitol (25 mM) and glycine were autoclaved for
20 min at 121 °C. Sugars (20 mM) and other amino acids
(20 mM) were sterilized with UV light overnight as
described by Tan et al. (2012) and added to the culture
medium directly before cultivation. All tests were performed
in triplicate. Growth could be observed in the presence of D-
xylose, salicin, glycerol, acetate, formate, propionate, peptone
and Casamino acids, but not in the presence of b-glucose, D-
fructose, D-galactose, maltose, D-ribose, L-arabinose, lactose,
mannose, cellobiose, raffinose, sucrose, sorbose, xylan,
inositol, mannitol, D-sorbitol, methanol, ethanol, citrate,
fumarate, lactate, pyruvate, succinate, L-alanine, L-arginine,
aspartate, asparagine, L-cysteine, L-glutamine, glutamate,
glycine, L-histidine, 1-leucine, L-lysine, L-isoleucine,
L-methionine, L-phenylalanine, L-proline, L-serine, L-threo-
nine, L-tyrosine, tryptophan or L-valine. The main products
of carbohydrate fermentation were acetate, lactate, formate
and propionate. We supposed that strain Zn2" degrades
carbohydrate first to simple organic acids and then to CO,
and H..

To analyse the reduction of electron acceptors, sodium
thiosulfate (20 mM), sodium sulfite (5 mM), sodium
sulfate (20 mM), sodium nitrite (5 mM) and sodium
nitrate (20 mM) were added from filter-sterilized solutions
to the basal medium (lacking the reductant Na,S, L-cysteine
and Casamino acids). Elemental sulfur (1 %), amorphous
Fe(Ill) oxyhydroxide (0.2%) and manganese dioxide
(0.2%) were added to the basal medium directly before
autoclaving. Reduction of elemental sulfur, thiosulfate,
sulfite and sulfate was tested using the method of
Ramamoorthy et al. (2006). Fe(NH,),(SO,), (0.5%) was
added to the culture tubes. Tubes were scored as positive if a
black FeS precipitate was formed. The reduction of nitrate to
nitrite was determined by using Griess reagent; tubes were
scored as positive if the Griess reagent turned red. Reduction
of Fe(III) was inferred when a transformation of the reddish-
brown colour of the Fe(Ill) oxide to a dark precipitate
[Fe(IT)] and a clearing of the medium was observed (Ogg &
Patel, 2009). Mn(IV) reduction was inferred by a clearing of
the medium (Ogg & Patel, 2009). Elemental sulfur,
thiosulfate and Fe(III) were used as electron acceptors,
while sulfite, sulfate, nitrate, nitrite and Mn(IV) were not.

Sensitivity to antibiotics was tested under increasing
concentrations (10, 100, 200 and 300 pg ml~") of ampicillin,
chloramphenicol, penicillin, streptomycin and tetracycline.
Growth of strain Zn2" was inhibited completely by the
addition of ampicillin, penicillin, tetracycline or chlor-
amphenicol at 10 ug ml~".

Chemotaxonomic analyses were performed on strain Zn2",
G. subterraneus DSM 17957" and T. metallivorans JCM
15105". The cells were harvested in late exponential growth.
Fatty acid methyl esters were obtained from freeze-dried
cells of all three strains. Identification and quantification of
fatty acid methyl esters as well as numerical analysis of the
fatty acid profiles was carried out by using the Sherlock
Microbial Identification System with the standard MIS

library generation software (Microbial ID Inc.) as described
by Fang et al. (2012), matching the results with the Anaerobe
Moore 3.90 library. The results are presented in Table 1. The
major fatty acids of strain Zn2" were is0-Cy5.0, C14.0» Ci6: 05
Cis.1 ¢is9 and Cig.; cis9. Significant qualitative and
quantitative differences existed in the fatty acid profiles of
the three strains (Table 1).

Isoprenoid quinones was extracted using the method
described by Minnikin et al. (1984), and analysed by

Table 1. Fatty acid contents of strain Zn2" and related type
strains

Strains: 1, Zn2"; 2, G. subterraneus DSM 17957"; 3, T. metallivorans
JCM 15105". Values are percentages of total fatty acids and were
determined in this study. Major components (>5%) are in bold.
Fatty acids present at less than 0.5 % in all strains are not shown. —,
Not detected; tr, trace amount (<0.5%); ALDE, aldehyde; DMA,
dimethylacetal; ECL, equivalent chain length; FAME, fatty acid
methyl ester.

http://ijs.sgmjournals.org

Fatty acid 1 2 3

Ci9:.0 FAME - 2.3 0.9
Cy1.0 FAME - 0.6 -

is0-C;;.o FAME - tr 0.9
Ci1.0 DMA - 1.3 tr
Ci,.0 FAME 0.8 3.7 1.1
Ci;.0 3-OH FAME - 2.1 -

Ci3.90 FAME - 8.0 tr
is0-Cy3.9 FAME 1.9 08 75
Cy3. cis12 FAME - 1.9 1.0
Cis.0 FAME 198 245 136
is0-Cy4.0 FAME 0.6 1.1 tr
Ciy4.1 cis9 FAME 1.2 - tr
Ci4.0 DMA - 57 26
Ci4:1 cis7 DMA - 1.5 tr
Ci5.0 FAME 1.0 7.9 tr
is0-Cy5.0 FAME 186 1.1 454
anteiso-Cy5.o FAME 1.2 1.0 3.1
is0-Cy5.9 3-OH FAME - - 0.6
anteiso-C,s5.o 3-OH FAME - 0.7 -

Ci5.0 DMA - 4.3 -

is0-C;5.9 DMA tr - 115
anteiso-C5.o DMA - - 1.0
is0-Cy5.9 ALDE - - 34
Cys. cis9/trans8 FAME - 1.9 -

Unknown ECL 14.762 C;5., FAME tr 7.8 tr
Ci6.0 FAME 16.5 2.9 1.7
Cig:1 cis7 FAME - 1.1 tr
Cig:1 ¢is9 FAME 24.8 4.8 tr
Cig.1 cis1l FAME 1.2 - -

Ci6.0 DMA - 2.4 1.0
Cis.1 cis9 DMA - 3.8 tr
Ci6.0 ALDE - 0.5 tr
Cig.1 cis9 FAME 7.6 0.7 -

Cis.0 FAME 2.8 tr tr
Cyg.1 cisll/trans9/trans6 FAME 1.8 - -
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HPLC as described by Tindall (1990). No quinone could be
detected in any of the three strains.

Polar lipids were extracted and separated on silica-gel
plates (10 x 10 cm; Merck 5554) and analysed further as
described by Minnikin et al. (1984) and Xu et al. (2011).
We used sulfuric acid to reveal total lipids, ninhydrin for
aminolipids, o-naphthol for glycolipids and Zinzadze’s
reagent for phospholipids. The results were analysed as
described by Fang et al. (2012) and are shown in Fig. S3.
The main polar lipids of strain Zn2" were diphosphati-
dylglycerol, phosphatidylglycerol, phosphatidylethanola-
mine, phosphatidylserine, two unknown phospholipids
and four unknown glycolipids. Although the main polar
lipids of the three trains were similar, differences existed in
their content and in the composition of minor lipids.

Based on the phylogenetic analysis described above, strain
Zn2" is likely to represent a novel species of the family
Clostridiaceae. Moreover, its phylogenetic distance from
members of the genera Geosporobacter, Thermotalea and
Caminicella (91.2, 90.3 and 91.1% 16S rRNA gene
sequence similarity to the type strains of the respective
type species) suggests that strain Zn2" represents a new
genus. This is strongly supported by significant differences
in phenotypic and genotypic characteristics, as detailed in
Tables 1 and 2. The DNA G + C content of strain Zn2" was
much lower (37 mol%) than the values reported for G.
subterraneus DSM 179577 (42 mol%) and T. metallivorans
JCM 151057 (48 mol%), but was much higher than the
value for C. sporogenes DSM 145017 (24 mol%). Moreover,
strain Zn2" differs from G. subterraneus DSM 17957%, T,
metallivorans JCM 15105" and C. sporogenes DSM 145017
in major phenotypic traits, such as the use of carbon
sources and electron acceptors, products of carbohydrate
fermentation, optimal growth temperature and NaCl
tolerance. Strain Zn2" did not use glucose, while the other
three strains did. Additionally, strain Zn2" differs from
members of the closest genera in sporulation and the
structure of its cell envelope. Strain Zn2" has the potential
to form spores, whereas but T. metallivorans JCM 15105"
does not. Strain Zn2" has a typical Gram-positive cell wall,
while T. metallivorans JCM 15105 and C. sporogenes DSM
145017 have a Gram-negative-type cell wall.

Finally, the evidence from chemotaxonomy showed distant
relatedness among strain Zn2", G. subterraneus DSM
17957% and T. metallivorans JCM 15105%. Strain Zn27T
contained no dimethylacetal (DMA) or aldehyde (ALDE)
fatty acids, whereas G. subterraneus DSM 17957" (Cy4.0
DMA and C,4.0 DMA) and T. metallivorans JCM 15105"
(is0-Cy5.9 ALDE) contained significant proportions (Table
1). Strain Zn2" possessed the fatty acid methyl esters
(FAMEs) Ci4.9 FAME, Ci4.; cis9 FAME and Cig.; cis9
FAME as main components, while they were minor
constituents in G. subterraneus DSM 17957" and T.
metallivorans JCM 15105". Additionally, Cy4., cis9 FAME,
Cig:1 cisll FAME, C;5.o FAME and C,g.; cisl1/trans9/
trans6 FAME were detected in extracts of strain Zn2", but

notin G. subterraneus DSM 17957 or T. metallivorans JCM
15105". Moreover, strain Zn2" contained no fatty acids with
fewer than 12 carbons, in contrast to G. subterraneus DSM
17957 (Cy9.0 FAME and C,,., FAME) and T. metallivorans
JCM 151057 (C,.o FAME and iso-C,;., FAME). Strain
Zn2" possessed diphosphatidylglycerol, phosphatidylgly-
cerol and phosphatidylethanolamine as main phospholipids;
G. subterraneus DSM 17957% and T. metallivorans JCM
15105 contained smaller amounts of phosphatidylglycerol
and larger amounts of phosphatidylethanolamine (Fig. S3).
Strain Zn2" possessed phosphatidylserine, while G.
subterraneus DSM 17957 and T. metallivorans JCM
15105" did not. The compositions of unknown glycolipids
and phospholipids were also different in the three strains.

On the basis of the phenotypic differences and the large
phylogenetic distance that separates strain Zn2" from other
members of the family Clostridiaceae, it is suggested that
strain Zn2" represents a novel species of a new genus, for
which the name Salimesophilobacter vulgaris gen. nov., sp.
nov. is proposed.

Description of Salimesophilobacter gen. nov.

Salimesophilobacter [Sa.li.me.so.phi.lo.bac’ter. L. n. sal, salis
salt; Gr. adj. mesos middle; N.L. adj. philus -a -um (from
Gr. adj. philos -¢ -on) friend to, loving; N.L. masc. n. bacter
rod, staff; N.L. masc. n. Salimesophilobacter halotolerant,
mesophilic rod].

Cells are anaerobic, long, thin rods, motile by a lateral
flagellum. Mesophilic and halotolerant. Gram-type-pos-
itive and show genetic potential for sporulation. No
respiratory quinones can be detected. The major cellular
fatty acids are i50-Cys.¢, Ci4.0> Ci6:0>0 Ci6:1 €is9 and Cyg.
cis9. The main polar lipids are diphosphatidylglycerol,
phosphatidylglycerol, phosphatidylethanolamine, phos-
phatidylserine and unknown phospholipids and glycoli-
pids. The genomic DNA G + C content of the type strain of
the type species is 37 mol%. 16S rRNA gene analysis
indicates that the genus is a member of the family
Clostridiaceae and is most closely related to the genera
Geosporobacter, Thermotalea and Caminicella. The type
species is Salimesophilobacter vulgaris.

Description of Salimesophilobacter vulgaris
Sp. nov.

Salimesophilobacter vulgaris (vul.ga'ris. L. fem. adj. vulgaris
common, referring to the lack of specific characteristics).

Cells are 0.5-0.8 x 2.0—4.0 um. Growth occurs at 10-50 °C
(optimum 35 °C) and pH 6.0-9.5 (optimum pH 7.3-7.5).
The range of salt concentration for growth is 0-10 % (w/v)
NaCl (optimum at 69%). Grows on peptone as a sole
carbon source. Growth can be observed in the presence of
D-xylose, salicin, glycerol, acetate, formate, propionate and
Casamino acids; but not in the presence of D-glucose, D-
fructose, D-galactose, maltose, D-ribose, L-arabinose, lact-
ose, mannose, cellobiose, raffinose, sucrose, sorbose, xylan,
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Table 2. Differential phenotypic, physiological and genotypic characteristics of strain Zn2" and its closest relatives

Strains: 1, Zn2%; 2, G. subterraneus DSM 179577 (data from Klouche et al., 2007); 3, T. metallivorans JCM 15105" (Ogg & Patel, 2009); 4, C.
sporogenes DSM 145017 (Alain et al., 2002). +, Positive; —, negative; ND, no data available.

Characteristic 1 2 3 4
Cell width (pm) 0.5-0.8 0.5 0.6-0.7 0.5-0.7
Cell length (pum) 2.0-4.0 3.0-5.0 3.0-3.5 3.0-10.0
Gram stain + + - -
Cell-wall Gram type + + - -
Sporulation genes + + - +
Motility + - + +
Temperature for growth (°C)

Optimum 35 42 50 60

Range 10-50 25-55 30-55 45-65
pH for growth

Optimum 7.3-7.5 7.5 8.0 7.5

Range 6.5-9.0 4.5-8.0 6.5-9.0 4.5-8.0
NaCl concentration for growth (%, w/v)

Optimum 6 4 <4 3
Range 0-10 0-5 <4 2-6
DNA G+ C content (mol%)* 36.9 (HPLC) 42.2 (HPLC) 48 (Ty) 24.2 (T,y,)

Carbohydrate fermentation:
Glucose - + + +
Fructose - + + -
Cellobiose - + + -
Salicin + ND ND ND
Mannose - - + ND
Mannitol - ND + ND
Ribose - + - -
Xylose + + - -
Alcohol fermentation
Glycerol + - - ND
Inositol - ND + ND
Carboxylic acid fermentation
Formate + - - -
Acetate + - - -
Propionate + - - ND
Amino acid fermentation
Alanine - + - ND
Arginine - + - ND
Glutamate - + - ND
Glutamine - + - ND
Isoleucine - + - -
Serine - + + -
Reduction of electron acceptors
Fe(I1I) + ND + -
Elemental sulfur + - + +
Thiosulfate + - - +
16S rRNA gene sequence similarity to (100) 91.2 90.3 91.1
strain Zn2" (%)
Products from carbohydrate A F, P, L A, F, H,, CO,, (E)f E, At B, A, E, H,, CO,
fermentationt

*Determined by HPLC or thermal denaturation (T,).
TA, Acetate; B, butyrate; E, ethanol; F, formate; L, lactate; P, propionate. Minor products are indicated in parentheses.
tProducts of glucose fermentation.
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inositol, mannitol, D-sorbitol, methanol, ethanol, citrate,
fumarate, lactate, pyruvate, succinate, L-alanine, L-arginine,
aspartate, asparagine, L-cysteine, L-glutamine, glutamate,
glycine, L-histidine, L-leucine, L-lysine, L-isoleucine, L-
methionine, L-phenylalanine, L-proline, L-serine, L-threo-
nine, L-tyrosine, tryptophan or L-valine. The main
products of carbohydrate fermentation are acetate, form-
ate, propionate and lactate. Elemental sulfur, thiosulfate
and Fe(III) are used as electron acceptors. Sulfite, sulfate,
nitrate, nitrite and Mn(IV) are not used as electron
acceptors. The main polar lipids include two unknown
phospholipids and four unknown glycolipids.

The type strain, Zn2" (=DSM 24770" =JCM 17796"), was
isolated from wastewater of a paper mill in Zhejiang,
China.
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