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Pleomorphochaeta caudata gen. nov., sp. nov., an anaerobic
bacterium isolated from an offshore oil well, reclassification of

Sphaerochaeta multiformis MO-SPC2" as Pleomorphochaeta
multiformis MO-SPC2" comb. nov. as the type strain of this novel
genus and emended description of the genus Sphaerochaeta

Boussad Arroua, Anthony Ranchou-Peyruse, Magali Ranchou-Peyruse, Michel Magot, Laurent Urios* and
Regis Grimaud

Abstract

A strictly anaerobic Gram-stain-negative bacterium, designated strain SEBR 42237, was isolated from the production water of an offshore
Congolese oil field. Cells were non-motile, pleomorphic and had spherical, annular or budding shapes, often exhibiting long stalks. Strain
SEBR 42237 grew on a range of carbohydrates, optimally at 37 C and pH 7, in a medium containing 40 g | 1 NaCl. Predominant fatty acids were
Cia .0, Cia . 0 DMA, Ci6 . 0 and Cz6 . 1!7C and the major polar lipids were phosphoglycolipids, phospholipids, glycolipids and
diphosphatidylglycerol. The G+C content of the DNA was 28.7 mol%. Phylogenetic analysis, based on the 16S rRNA gene sequence, showed
that strain SEBR 4223Tand Sphaerochaeta multiformis MO-SPC2Tformed a cluster with similarity to other species of the genus Sphaerochaeta
of of less than 86 %. On the basis of the phenotypic characteristics and taxonomic analyses, we propose a novel genus, Pleomorphochaeta
gen. nov., to accommodate the novel species Pleomorphochaeta caudata sp. nov., with SEBR 42237 (=DSM 1030777=JCM 31 4757) as the type
strain. We also propose the reclassification of Sphaerochaeta multiformis MO SPC2T as Pleomorphochaeta multiformis MO-SPC2T comb. nov.,

the type strain of this novel genus and emend description of the genus Sphaerochaeta.

Cultivation and molecular studies of the microbial diversity
of oil reservoirs has revealed that these environments were
inhabited by active and diverse microorganisms. Microbial
activity in oil reservoirs has attracted much attention due to
it being of both fundamental scientific and applied interest
[1-7]. Fermentative bacteria constitute an important
microbial community of petroleum reservoirs [8]. They
include members of the families Thermoanaerobiaceae,
Halanaerobiaceae, Thermotogaceae and Spirochaetaceae
[1, 9-15]. Although many 16S rRNA gene sequences related
to

Spirochaetaceae have been retrieved from oil reservoirs [7,
16-20], only one strain belonging to this family,
Sediminispirochaeta smaragdinae SEBR4228", has been
isolated from such ecosystems [21]. Ritalahti and colleagues
[22] proposed the novel genus, Sphaerochaeta, within the
family Spirochaetaceae. Members of this genus are Gram-
negative, anaerobic, chemoorganotrophic bacteria and

grow by fermenting carbohydrates. At the time of writing,
the genus Sphaerochaeta contains five species with validly
published names: Sphaerochaeta pleomorpha,
Sphaerochaeta coccoides, Sphaerochaeta multiformis,
Sphaerochaeta globosa and Sphaerochaeta associata [22—
25]. Members of the genus Sphaerochaeta were originally
characterized by the absence of periplasmic flagella and a
lack of motility. These traits have been recognized as
discriminating between Sphaerochaeta and other genera of
the family Spirochaetaceae [22, 26, 27]. Consistently, the
analysis of the genomes of S Buddy™ and S pleomorpha
Grapes” showed the absence of motility and associated
signal transduction genes that were present in all sequenced
genomes of Spirochaeta [26]. S globosa Buddy” and S
pleomorpha Grapes” were globosa isolated from anaerobic
dechlorinating consortia that were established from
freshwater sediments [22], while S coccoides SPN1" and S
associata GLS2" were isolated from the of the hindgut of the
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The Genbank/ EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain SEBR 4223Tis KU714929.
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termite Neotermes castaneus and from aggregates of the
psychrotolerant archaeon Methanosarcina mazei JLO1,
respectively [25, 28]. S multiformis MO-SPC2" was isolated
from subseafloor sediment samples collected from off the
Shimokita Peninsula, Japan [24]. The more pronounced
pleomorphic character of strain MO-SPC2" and the motility
of its helical cells distinguished this strain from other
members of the genus Sphaerochaeta. Here, we describe a
novel anaerobic fermentative strain of a species of
Spirochaetaceae, designated SEBR 42237, isolated from
water produced from the Emeraude offshore oil field in the
Congo (well number BB325).

Strain SEBR 4223 was isolated from water samples collected
at the well-head in sterile 250 ml glass bottles and stored at
4 C until inoculation, as described previously [29]. The
temperature of the water produced was 35 C, the pH was
6.7 and the NaCl concentration was 32 g | *. Enrichment and
isolation were performed under anoxic conditions, as
described by Magot and collaborators [21]. Enrichment
cultures were initiated by inoculating 2 ml of a production
water sample into serum bottles containing 18 ml of SEM
medium and incubated without shaking at 37 C. Strain SEBR
4223" was purified by successive streaking on SEM agar
plates (2.5 %, w/v; Noble agar, Difco) as described previously
[13, 21]. After 1 week of incubation at 37 C on agar plates,
strain SEBR 4223 produced round, convex, opaque and non-
pigmented colonies with regular edges. The purity of the
strain was confirmed from the morphological homogeneity
of the colonies on agar plates and by sequencing the 16S
rRNA gene of 10 colonies. After isolation of the strain, all
cultivations were performed in basal medium containing (I
1): 0.5 g NH4Cl, 0.1 g KH2PO4, 4 g MgCl,.6H20, 1 g CaCl>.2H-0,
40 g NaCl, 0.15 g cysteine hydrochloride, 1 ml trace mineral
element solution [30], 0.5 g yeast extract and 1 ml resazurin
solution (0.1 %, w/v). The medium was autoclaved at 121 C
for 30 min and then cooled at room temperature under a
stream of N2/CO2 (80 : 20, v/v). Prior to inoculation, the
medium was supplemented with the following sterilized
solutions (I'1): 2 g NaHCOs (flushed with N2/CO,, 80 : 20, v/v),
0.15 g Na2 S.9H20 (flushed with N2) and 2 ml filtered (0.22
pm) vitamin solution [31]. The pH was adjusted to 7.3 with
an anoxic 5 M NaOH solution. Finally, the medium was
dispensed under a stream of N2/CO2 (80 : 20, v/v) into
Hungate tubes or 50 ml glass serum bottles. train SEBR 42237
was routinely cultivated with 10 mM glucose as the carbon
source.

Genomic DNA was purified using a PowerSoil DNA isolation
kit (MoBio Laboratories). The 16S rRNA gene was amplified
by PCR and subsequently sequenced by the Qiagen
Sequencing Service (Hilden, Germany) using the universal
primer pair, 8F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) [32] and
1387R (5¢-GGGCGGWGTGTACAAGGC-3¢) [33]. A 1400 bp
fragment of the 16S rRNA gene was obtained and searched
against the 16S rRNA gene sequence database, EzTaxon
(www.ezbiocloud.net; [34]). The retrieved sequences were

aligned with cLustaL w [35] and phylogenetic trees were
reconstructed using the software package Meca 6 [36].
Phylogenetic distances (corrected according to Kimura’s
two-parameter model; [37]) were calculated and clustering
was performed with the neighbour joining method [38].
Bootstrap-resampling analysis with 1000 replicates [39] was
performed for the neighbour joining as well as the
maximume-likelihood and maximum parsimony methods to
obtain confidence for tree topologies.

Bacterial growth was assessed by measuring the optical
density at 600 nm using a spectrophotometer (spectronic
401, Spectronic Instruments). All tests for growth were
performed in triplicate in the dark, with two successive
transfers, and confirmed by microscopic observations.
Growth at various temperatures, pH values and NaCl
concentrations were performed in basal medium containing
10 mM glucose and 0.05 % (w/v) yeast extract. The
temperature range for growth was determined between 10
and 60 C. For studies of pH, the following buffers were used
at 30 mM: MES for pH 5.2 to 6.0, MOPS for pH 6.8 to 8.0 and
Bicine for pH 8.5 to 9.0. The salt concentration range for
growth was determined by varying the NaCl concentration
from 0 to 100 g | * (w/v) and maintaining the NaCl/MgCl,
molar ratio at 25. Oxidase activity was determined by using
an oxidase reagent kit (bioMerieux). Catalase activity was
detected by formation of bubbles by cells resuspended in 9
% (v/v) H202. Substrate utilization tests were performed
using exponentially growing pre-cultures as inoculum (10 %,
v/v) in basal medium with 40 g | *NaCl at 37 C. Substrates
were added to the medium from sterile solutions at a final
concentration of 10 mM. The utilization of sulfate (20 mM),
thiosulfate (20 mM), nitrate (20 mM), nitrite (1 mM), ferric
citrate (5 mM) and elemental sulfur (0.1 %, w/v) as terminal
electron acceptors was tested in basal medium containing
glucose, acetate, lactate and propionate as electron donors
and carbon sources. Reduction of sulfur compounds was
measured using the method of Cline [40] and nitrite was
determined by following the Griess reaction. The ability to
grow in oxic conditions was tested in basal medium with
glucose without a reducing agent at 37 C, pH 7 and 40 g | 1 of
NacCl.

Transmission electron micrographs of negative staining and
thin sections were performed with an HT 7700 Hitachi
electron microscope at the Centre de Microscopie
Electronique Appliquee a la Biologie (Toulouse). During the
exponential growth and stationary phases, cells were
collected and negative staining was performed with 2 %
(w/v) aqueous uranyl solution.

For ultrathin sectioning, 2.5 % (w/v) glutaraldehyde, 0.1 M
cacodylate and 0.04 % (w/v) ruthenium red were added to
the medium to fix the cells overnight at 10 C. After
harvesting by centrifugation, cells were embedded in 2 %
(w/v) low melting point agarose. Pieces of agarose were
washed in
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0.2 M cacodylate, 0.04 % (w/v) ruthenium red solution and
post-fixed with 1 % (v/v) osmium tetroxide for 1 h at room
temperature. Agarose pieces were dehydrated in a series of
ethanol solutions, impregnated with Embed 812 resin for 48
h and cut with an ultramicrotome. The ultrathin sections
were observed at an acceleration voltage of 80 kV. For
scanning electron microscopy, cells were prefixed overnight
in 2 % (w/v) glutaraldehyde and 0.1 M cacodylate buffer at
4 C. After washing in water, cells were adhered to poly-
Llysine (0.5 %) coated glass slides for 1 h at room
temperature, rinsed with distilled water, dehydrated in a
series of ethanol solutions and critical-point dried in a Leica
EM CPD 300. Cells were coated with platinum using a
platinum metallizer (Leica EM Med 020) and observed with
a MEB ESEM Quanta 250 FEG field emission scanning
electron microscope operated at 5 kV.

Strain SEBR 42237 was cultured in basal medium
supplemented with 10 mM glucose and 0.1 % (w/v) yeast
extract. Cells were harvested during the exponential phase
and sent to the Deutsche Sammlung von Mikroorganismen
und  Zellkulturen,  Braunschweig, @ Germany. The
peptidoglycan was isolated according to Schumann [41] and
analyzed by gas chromatography coupled with mass
spectrometry, as described [42]. Polar lipids were extracted
using the method of Bligh and Dyer [43], separated by two
dimensional silica gel TLC and analyzed according to the

procedures described by Tindall et al. [44]. FAMEs were
prepared from 40 mg cells, as described by Miller [45] and
Kuykendall [46] and identified using the Sherlock Microbial
Identification System (MIDI, Microbial ID, Newark, DE 19 711
USA). The G+C content of the DNA was determined by
reversed-phase HPLC [47]. G+C values were calculated from
the ratio of deoxyguanosine and thymidine, according to the
method of Mesbah et al. [48].

In exponential phase cultures, cells of strain SEBR 42237
appeared pleomorphic. Morphologies such as cocci (0.4-1.1
pum in diameter, Fig. 1a), annular cells with a central hole
(0.8-1.14 um, Fig. 1d, f) and chains of cocci (Fig. S1, available
in the online Supplementary Material) were observed less
frequently. The dominant morphotypes were spherical cells
(0.5-0.95 um) with protrusions (Fig. 1b) or long stalks (Fig.
1c). The morphology of cells in stationary phase cultures was
much less heterogeneous with a predominance of the
spherical morphotype. Similar cell morphologies were
observed with S multiformis MO-SPC2T [24]. TEM of a thin
section of strain SEBR 42237 revealed features of a Gram-
stain-negative cell wall (Fig. 1f). TEM showed a smaller
structure, a bud produced on a mother cell (Fig. 1le),
suggesting that cells grew by budding [49]. Motility was not
observed during any stage of growth and no periplasmic
flagella-like structure was observed with electron
microscopy. Diaminopimelic acid was not detected in the

(@) (b)

(c)

Protrusion

Fig. 1. Cells of strain SEBR 4223 visualized by TEM. a—e), negatively stained cells showing: (a) spherical shape, (b) a protrusion, (c) a long stalk,
(d) an annular shape and (e) a bud. (f) Thin-section image of an annular cell. Arrowheads indicate the outer membrane (OM) and the inner

membrane (IM). Bars, 0.5 um.
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cell wall of strain SEBR 4223". Trace amounts of ornithine
were detected.

Strain SEBR 42237 was oxidase- and catalase- negative, and
was unable to grow under oxic conditions. Strain SEBR 42237
grew between 20 and 42 C and optimally at 37 C. The
optimum pH for growth was 7 and growth occurred
between pH 5.2 and 8.5. The NaCl range for growth was 10—
60 g11(0.17-1.02 M), with optimum concentration being 40
g 11(0.68 M). Strain SEBR 4223" was a chemoorganotroph
with a fermentative metabolism, and used mono-, diand
trisaccharides as sources of carbon and energy for growth.
It grew on L-arabinose, p-fructose, p-galactose, bglucose, b-
mannose, D-sorbitol, p-xylose, p-ribose, cellobiose, lactose,
maltose, raffinose, sucrose, trehalose, pyruvate, mannitol
and xylitol. No growth occurred with bp-arabinose, b-
arabinogalactan, t-rhamnose, xylene, acetate, butyrate,
propionate, lactate, malate, citrate, succinate, fumarate,
ethanol, methanol, adonitol, myo-inositol, glycerol,
glycogen, casamino acids, peptone, yeast extract and
H2/CO2 (80 : 20, v/v). Yeast extract was required for growth
and could not be replaced by vitamins. The doubling time in
the presence of glucose and yeast extract (37 C, pH 7 and 40

g1 NaCl) was estimated to be about 6 h. Sulfate, thiosulfate,
nitrate, nitrite, ferric citrate and elemental sulfur were not
reduced in basal medium amended with glucose, acetate,
lactate and propionate as electron donors and carbon
sources. Growth of strain SEBR 4223" was completely
inhibited by nitrite and ferric citrate.

Phylogenetic analysis, based on the 16S rRNA gene, showed
that strain SEBR 4223 formed a stable cluster with S.
multiformis MO-SPC2" (91.1 % similarity), which was
supported by a 100 % bootstrap value (Fig. 2). Lower
sequence similarities (<86 %) were found with the other
type species of the genus Sphaerochaeta: S. pleomorpha
Grapes' (85.3 %), S. globosa Buddy™ (84.7 %), S. coccoides
SPN1T(83.1 %) and S. associata GLS2" (86 %). The DNA G+C
content of strain SEBR 4223 was 28.7 mol%. The major
cellular fatty acids were Ci4:0, C14:0DMA, Ci6:0and Cis:1 ! 7C
(Tables 1 and 2). Interestingly, C14:0accounted for about 42
and 64 % of the fatty acid contents in strains SEBR 42237 and
MO-SPC27, respectively, while it represented from 13 to 26
% in other members of the genus Sphaerochaeta. In
addition, the C14.0/C1s: 0 ratios were 3.4 and 4.8

100/99/100 Pleomorphochaeta caudata SRLA2237

—
o 100/100/100 Sphaerochaeta multiformis MO-SPC2" (AB598280)
—— Sphaerochaeta coccoides SPN1T (AJ698092)
99/98/97 Sphaerochaeta pleomorpha Grapes' (AF357917)
100/95/100 Sphaerochaeta associata GLS" (JIN944166)
100/100/100%- Sphaerochaeta globus Buddy' (AF357916)
71/74/103_( oy ‘Candidatus Marispirochaeta associata’ JC231" (LN614382)
] Sediminispirochaeta sinaica SLT (KC261846)
100/100/100 E Sediminispirochaeta bajacaliforniensis BA-2" (AJ698859)
100/100/100— sediminispirochaeta smaragdinae SEBR 4228" (U80597)

67109 100/99/ Spirochaeta dissipatitropha ASpC2T (AY995150)
95/58/75| ot/9 }%%/ Spi.rochaeta asiqticaZ-759lTT(X93926)
Spirochaeta africana Z-7692" (X93928)

————— Spirochaeta lutea JC230" (HG965770)
96/81/89 Spirochaeta halophilaRS1T (M88722)
98/97/100 100/100/100 Spirochaeta alkalicaZ-7491 T(X93927)
100/99/100% spjirochaeta amiricana APgG1T (AF373921)
|: Spirochaeta caldarium H1T (EU580141)
52/50/- 100/100/100 Spirochaeta strenostretum Z1" (FR733664)
] 100/100/100] _ Borrelia burgdorferi B317 (M59293)

|_r_Borrelia coriaceae Co53" (U42286)
100/89/100 Borrelia miyamotoi HT31T (D45192)

Leptospira biflexa Patoc 1" (AY631876)

Brachyspira hyodysenteriae B78" (U14930)

Brevinema andersonii CT11616" (GU993264)

Leptonema illini 3055" (AY714984)
100/100/100 Leptospira interrogans RGAT (212817)
100/100/100

Fig. 2. Phylogenetic tree of Spirochaetaceae, based on a 16S rRNA gene sequence subset, showing the position of strain SEBR 4223™. The tree was
based upon 1231 positions and reconstructed by the neighbour-joining method. Bootstrap values greater than 50 % are shown. They were
obtained with the neighbour-joining/maximume-likelihood/maximum-parsimony methods based on 1000 replicates. Bar, 0.02 changes per

nucleotide position.
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Table 1. Differential phenotypic characteristics of strain SEBR 4223 and type strains of species of the genus Sphaerochaeta

Strains: 1, SEBR 42237 (present study); 2, S. multiformis MO-SPC2T (unless otherwise stated, data from [24]); 3, S. pleomorpha Grapes™[22]; 4, S. globosa Buddy™
[22]; 5, S. coccoides SPN1T[28]; 6, S. associata GLS2T [25]. +, Positive; (+) weakly positive; —, negative; ND, no data available.

Characteristic 1 2 3 4 5 6
Cell morphology . Coccus
Pleomorphic (spherical, Pleomorphic Pleomorphic Pleomorphic Pleomorphic
annular, protrusion and (coccus, annular, (spherical, elongated (spherical and (spherical, ovoid,
stalk shapes) curved rod, helical) or crescent shapes) hook-like annular)
protrusion)
Motility - +* - - - -
Temperature optimum (C) 37 9 20-25 30 30 30-34
Temperature range (C) 20-40 0-17 15-30 20-37 15-40 20-40
pH optimum 7.0 6.8-7.2 6.5-7.5 6.5-7.5 7.4 6.8-7.5
pH range 5.2-8.5 6.0-8.0 ND ND 5.5-9.5 5.7-8.2
NaCl optimum (g | %) 40 20-30 1 1 1 1-2
NaCl range (g 11) 10-60 ND ND ND ND ND
Major fatty acids C1a:0, C16:0, Ci4:0, Ci16:0, C1a:0, C16:0, Ci4:0, Ci16:0, Cia:0, C16 Ci4:0, Ci16:0,
Ci14:0DMA, Ci6:1!9c Ci6:1! 7c, br- Ci6:1!7c, :0, iSO- Ci6:1
Ci6:1!7cC Ci7:1 br-Ci7:1 Ci6:0
§
DNA G+C content (mol%) 28.71 32.3% 46.2% 48.9% 50.6% 47.2%
Substrate utilization
Cellobiose + + - — + +
Lactose + - - + - (+)
p-Galactose + - + + - +
Sucrose + - + + — (+)
Raffinose + - + + - +
p-Fructose + - + + ND -
Pyruvate + - ND ND - -
Isolation source QOil field Marine subsurface Anoxic river Anoxic river Lower Aggregates of
sediment sediment sediment termite Methanosarcina
hindgut mazei JLO1

*Motility observed in helical cells only.
tDetermined by HPLC (mol%).

$Obtained from genome information (%).
§Data from Miyazaki et al. [24].

in strains SEBR 4223T and MO-SPC2T, respectively, while in
other members of the genus Sphaerochaeta this ratio was
between 0.7 and 1.5 (Table 2). Polar lipid analysis showed
that strain SEBR 4223" contained phosphoglycolipids,
phospholipids and glycolipids as do other members of the
genus Sphaerochaeta. The absence of phosphoglycolipid 5
(PGL5, Miyazaki and colleagues’ nomenclature [24]) seemed
to be specific to strains SEBR 4223" and MOSPC2'.
Diphosphatidylglycerol was detected in strain SEBR 42237,
while this polar lipid was absent from other members of the
genus Sphaerochaeta.

Genetic and phenotypic examinations (Table 1) revealed
that the novel isolate, SEBR 42237, had common traits with
its closest relative, S. multiformis MO-SPC2", which
distinguished them from other members of Sphaerochaeta.
(1) Phylogenetic analysis demonstrated that strain SEBR
42237 and its closest relative, strain MO-SPC2T, formed a

stable cluster with a similarity to other species of the genus
Sphaerochaeta of less than 86 %. (2) The DNA G+C contents
of strains SEBR 42237 (28.7 mol%) and MO-SPC2T (32.3
mol%) were much lower than those reported for other
members of the genus Sphaerochaeta (46.2-50.6 mol%). (3)
Cells of strains SEBR 42237 and MO-SPC2" exhibited a more
pronounced pleomorphic growth pattern and shared
morphological features (cocci, annular cells with a central
hole and chains of cocci). (4) Strains SEBR 42237 and
MOSPC2T" grow optimally at 25 and 40 g | 1 NaCl, respectively,
while other type species of the genus Sphaerochaeta grow
optimally at 1-2 g | *NaCl. (5) Cis:0is the most abundant
fatty acid in strains SEBR 4223T and MO-SPC2" whereas in
other members of Sphaerochaeta the proportion of Ci4:.0is
much lower and never the major fatty acid. (6)
Phosphoglycolipid PGL5 was not detected in strains SEBR
4223 and MO-SPC27, while it is present in other species of
the genus Sphaerochaeta. (7) The peptidoglycan of strain
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SEBR 42237 contains ornithine, while S. pleomorpha Grapes'
and

Table 2. Fatty acid compositions, as percentages of the totals, of strain SEBR
42237 and type strains of species of the genus
Sphaerochaeta

Strains: 1, SEBR 42237 (present study); 2, S. multiformis MO-SPC27[24]; 3,
S. pleomorpha Grapes' [22]; 4, S. globosa BuddyT [22]; 5, S. coccoides SPN1T
[24]; 6, S. associata GLS2T [25]. Fatty acids amounting to <1 % of the total
fatty acids are not shown.

Straight chain

Cua:0 423 647 264 134 217 105
Cis:0 - - - - 1.7 -
Cis:0 88 191 169 152 26 143
Cis:0 - - - 2.3 2.0 -

Branched chain

Cia:0DMA 19.8 - - - - 2.7
iso Cia:0 - - - - 73 -
Ci6:0DMA 2.2 - - - - 20.1
Ci6:0ALDE - - - - - 2.1
anteiso Cis:o - - - - 7.1 -
iso Ci6:0 - - - - 31.1 -
iso Cis:0 - - - - 11 -

Unsaturated straight chain
C13:1 4.5 - - - - -
Cis:1 - - 3.1 - - -

Cua:1!7c - 1.2 - - — _
Cis:1 - - - - - 244
Ci6:1!2c - - 2.8 — — —
Ci6:1!7c 9.8 3.4 33.7 131 - -
Ci6:1!9c 3.9 113 51 5.1 1.0 -
Cis:1 - - - - - 2.9
Cis:1!7c - - - 10.7 - -
Cis:1!9c - - 1.1 8.4 - —

Hydroxy Cia:

030H 34 _ _ _ _ 2.0

Ci6:030H 2.2 - - - - 16.9

Branched monoenoic acids

br-15:1B _ B 24 3.7 _ _
iso-17:1!7c - - 5.1 - - -
br-17:1A - - 33.7 15.8 - -
br-17:18B - - - 1.2 - -
br-17:1C - - - 1.0 - -
br-17:1D - - 1.1 1.0 - -
br-19:1C - - - 2.1 - -

br-19:1D - - - 3.0 - -

S. globosa Buddy' do not have the ornithine peptidoglycan
cross-link.

Furthermore, some characteristics differentiate strain SEBR
42237 from S. multiformis MO-SPC2" (Table 1). (1) The 16S
rRNA gene sequence divergence between strains SEBR
4223 and MO-SPC2Tis greater than 3 % (91.1 % similarity)
(2) Motility is observed for the helical cells of strain MO-
SPC2" but not in strain SEBR 42237 (3) Strain SEBR 4223"is a
mesophilic bacterium, whereas strain MO-SPC2T is an
obligate psychrophile (4) Strain SEBR 42237 is oxidase-
negative, whereas MO-SPC2T is weakly oxidase-positive (5)
These strains also differ in the range of substrates used, in
the composition of fatty acids and polar lipids (Tables 1 and
2).

Consequently, on the basis of these phenotypic and
genotypic properties, we propose that the novel isolate,
SEBR 42237, belongs to a novel species of a novel genus,
Pleomorphochatea caudata gen. nov., sp. nov. Additionally,
the phylogenetic data and the common phenotypic
characteristics (Table 1) of strains SEBR 4223Tand MO-SPC2T
clearly support the reclassification of S multiformis MO-
SPC2" as Pleomorphochatea multiformis comb. nov. and its
designation as the type strain of this novel genus.

EMENDED DESCRIPTION OF THE GENUS
SPHAEROCHAETA RITALAHTI ET AL.
(2012), EMEND. ABT ET AL. (2012) AND
EMEND. MIYAZAKI ET AL. (2014)

The reclassification of Sphaerochaeta multiformis MOSPC2T
as Pleomorphochaeta multiformis MO-SPC2T comb. nov.
involves the removal of the emended description from
Miyazaki et al. [24]. Thus the description of the genus is as
given by Ritalahti et al. [22] and subsequently amended by
Abt et al. [23].

DESCRIPTION OF PLEOMORPHOCHAETA
GEN. NOV.

Pleomorphochaeta [ple.o.mor.pho.chaecta. Gr. adv. pleon
more; Gr. n. morphe shape, form; Gr. fem. n. chait”e (Latin
transliteration chaeta), long flowing hair;
Pleomorphochaeta cells with multiple morphologies with a
derivation from spirochaetal ancestry].

Cells are pleomorphic. Spherical, annular and coccoid cell
morphologies are observed. Cells have a Gram-
stainnegative cell wall. Chemoheterotrophic anaerobes and
fermentative growth is observed. The DNA G+C content is
28.7-32.3 %. Ci4:0is the major fatty acid. The phylogenetic
position is in the family Spirochaetaceae, order
Spirochaetales, class Spirochaetia of the phylum
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Spirochaetes. Pleomorphochatea multiformis MO-SPC2" is
the type species.

DESCRIPTION OF PLEOMORPHOCHATEA
MULTIFORMIS COMB. NOV.
Basonym: Sphaerochaeta multiformis MO-SPC2T [24].

Description is as that given by Miyazaki et al. [24].

The type strain is strain MO-SPC2" (=JCM 17 281"=DSM 23
9527), which was isolated from marine subsurface sediments
collected off the Shimokita Peninsula in Japan, in the north-
western Pacific Ocean.

DESCRIPTION OF PLEOMORPHOCHAETA
CAUDATA SP. NOV.

Pleomorphochaeta caudata (cau.dacta. N. L. fem. adj.
caudata having a tail).

Cells are pleomorphic, non-motile, without periplasmic
flagella and Gram-stain-negative. Strictly anaerobic,
catalase- and oxidase-negative, chemoorganotrophic and
fermentative. Cells have ornithine but not diaminopimelic
acid peptidoglycan cross-links. The optimum temperature
for growth is 37 C with growth occurring between 20 and 42
C. The optimum NaCl concentration for growth is 40 g | *and
the NaCl concentration range for growth is 10-60 g | 1. The
optimum pH for growth is 7 and growth occurs between pH
5.2 and 8.5. The following substrates are utilized: L-
arabinose, p-fructose, p-galactose, p-glucose, b-mannose, b-
sorbitol, p-xylose, D-ribose, cellobiose, lactose, maltose,
raffinose, sucrose, trehalose, pyruvate, mannitol and xylitol.
No growth occurs with p-arabinose, p-arabinogalactan,
Lrhamnose, xylene, acetate, butyrate, propionate, lactate,
malate, citrate, succinate, fumarate, ethanol, methanol,
adonitol, myo-inositol, glycerol, glycogen, casamino acids,
peptone, yeast extract and Hz/CO: (80 : 20, v/v). The
dominant cellular fatty acids are Ci4:0, C14:0 DMA, Ci6:0and
Cis : 1 !7c. The polar lipids are phospholglycolipids,
phospholipids, glycolipids and diphosphatidylglycerol.

The type strain, SEBR 42237 (=DSM 103077'=JCM 31 4757),
was isolated from a production water sample of well
number BB325 of the Emeraude off shore oil field in

Congo. The G+C content of the genomic DNA is
28.7 mol%.
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