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Morphological, biochemical, and molecular genetic studies were performed on an unknown anaerobic, catalase-negative, non-

spore-forming, rod-shaped bacterium isolated from dog feces. The unknown bacterium was tentatively identified as a Eubacterium

species, based on cellular morphological and biochemical tests. 16S rRNA gene sequencing studies, however, revealed that it was

phylogenetically distant from Eubacterium limosum, the type species of the genus Eubacterium. Phylogenetically, the unknown

species forms a hitherto unknown sub-line proximal to the base of a cluster of organisms (designated rRNA cluster XVI), which

includes Clostridium innocuum, Streptococcus pleomorphus, and some Eubacterium species. Based on both phenotypic and

phylogenetic criteria, it is proposed that the unknown bacterium be classified as a new genus and species, Allobaculum stercoricanis.

Using a specific rRNA-targeted probe designed to identify Allobaculum stercoricanis, in situ hybridisation showed this novel species

represents a significant organism in canine feces comprising between 0.1% and 3.7% of total cells stained with DAPI (21 dog fecal

samples). The type strain of Allobaculum stercoricanis is DSM 13633T=CCUG 45212T.

r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Accurate information on the diversity of organisms
inhabiting the intestine of dogs is extremely sparse. It is
however evident, that like that of humans the intestinal
biota of dogs is a highly complex consortium embracing
both strictly anaerobic and facultatively anaerobic
micro-organisms [1,2]. The major groups of organisms
reported to be present in canine feces include bacter-
oides, clostridia, eubacteria, lactobacilli, bifidobacteria
and anaerobic Gram-positive cocci [1–4]. However
e front matter r 2004 Elsevier Ltd. All rights reserved.
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precise information on the range of species that compose
these groups is lacking. Many organisms are assigned to
species but based on poor phenotypic evidence [1,2]
whilst others elude identification to the species level
[3–7]. Eubacteria are a case in point. The genus
Eubacterium currently embraces a heterogeneous assort-
ment of anaerobic, non-spore-forming, Gram-positive
rod-shaped organisms, which are largely distinguished
from other genera on the basis of negative metabolic
characteristics [8]. Due to its broad definition, this group
has, over the years, acted as a repository for phenoty-
pically diverse species, many of which are exceedingly
difficult to reliably identify through traditional criteria.
In addition, it is now recognised that the eubacteria are
phylogenetically heterogeneous, with most species being
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dispersed among many different groups within the
Clostridium subphylum [9] and there is a growing
consensus that the genus should be restricted to the
type species, Eubacterium limosum, and its nearest
phylogenetic relatives (Clostridium rRNA cluster XV,
see Refs. [9,10]). Hence, many of the Gram-positive
asporogenous rods reported in dog faeces and desig-
nated eubacteria probably belong to disparate phyloge-
netic groups and are incorrectly identified or do not
correspond to currently recognised species. During the
course of a study of the microbial diversity of canine
feces, we have isolated a strain of an unusual Gram-
positive, non-spore-forming, rod-shaped organism
which could not be assigned to any recognised
Eubacterium species based on phenotypic criteria. In
this article, we report the phenotypic characteristics of
this Eubacterium-like organism and the results of a
phylogenetic study. Based on these findings we propose
the unknown Eubacterium-like organism be designated a
new genus and species, Allobaculum stercoricanis. In
addition a species-specific probe has been designed to
quantify A. stercoricanis in dog feces.
2. Materials and methods

2.1. Culture and isolation

A strain designated 2CLOS2 was isolated from the
feces of a male Labrador dog. The fecal sample was
collected immediately after defecation and used to
prepare a 10% (w/v) anaerobic slurry using pre-reduced
0.1 M phosphate buffered saline (PBS, pH 7). The slurry
was transferred into an anaerobic cabinet (10% H2,
10% CO2, 80% N2) and homogenised for 10 min. Serial
tenfold dilutions were then prepared using half strength
peptone water and cysteine-HCl (0.5 g/l). Strain
2CLOS2 was isolated from reinforced clostridial agar
(novobiocin 8 mg/L and colistin 8 mg/L) which had been
incubated at 37 1C for 48 h, from a 10�3 dilution.

2.2. Phenotypic characteristics

Haemolysis was tested on Columbia-sheep blood agar
(BBL). Motility was examined in PYG broth and agar,
trypticase-nitrate broth (BBL) and Columbia-sheep
blood agar (BBL). Temperature ranges for growth were
determined in PYG medium (with 1 g/L Tween 80 and
2 g/L sodium bicarbonate) [11] using 100% N2 as the gas
atmosphere in Hungate tubes. Growth was recorded by
measuring the OD at 660 nm directly in Hungate tubes
using an LKB Ultrospec II specrophotometer. Growth
was examined under aerobic, microaerophilic (2% or
6% oxygen) and anaerobic conditions (N2/CO2/H2,
85:10:5 by volume). Traditional biochemical tests were
performed as described by Holdeman et al. [11]. Acid
production was detected as lowering of pH during
growth by 1 pH unit or more. Hydrolysis of starch and
gelatin was in addition tested using double layer starch
agar plates and 0.4% (w/v) gelatin agar plates.
Biochemical tests were also carried out using the
commercially available API rapid ID32AN and API
ZYM systems according to the manufacturer’s instruc-
tions. Fermentation products formed after growth in PY
medium with 1% (w/v) glucose were determined as
described by Holdeman et al. [11]. Alcohols and volatile
acids were extracted with ter-butyl ethyl ether instead of
diethyl ether. A Shimadzu GC-14A gas chromatograph,
Nukol capillary column (30 m) at 170 1C, flame ionisa-
tion detector and hydrogen carrier gas, was used for the
analyses.
2.3. DNA G+C content determination

For the determination of G+C content, DNA was
isolated after disruption of cells using a French pressure
cell, and purified in hydroxyapatite. The mol% G +C
content was determined by HPLC after digestion of
DNA with P1 nuclease and alkaline phosphatase as
described by Mesbah et al. [12].
2.4. Cell wall murein analysis

Cell wall murein was prepared by mechanical disrup-
tion of cells and complete acid hydrolysates were
analysed as described by Schleifer and Kandler [13].
2.5. 16S rRNA gene sequencing and phylogenetic

analysis

The 16S rRNA gene of the isolate was amplified by
PCR and directly sequenced using a dRhodamine
terminator cycle sequencing kit (PE Applied Biosystems,
Inc., Foster City California, USA) and an automatic
DNA sequencer (model 377; PE Applied Biosystems).
The closest known relatives of the new isolate was
determined by performing database searches using the
program FASTA [14]. These sequences, and those of
other known related strains, were retrieved from the
GenBank or the ribosomal database project (RDP)
databases and aligned with the newly determined
sequence using the program DNATools [15]. The
resulting multiple sequence alignment was corrected
manually using the program GeneDoc [16]. A phyloge-
netic tree was constructed according to the neighbour-
joining method with the program NEIGHBOR and the
stability of the groupings was estimated by bootstrap
analysis (500 replications) using the programs DNA-
BOOT, DNADIST, NEIGHBOR and CONSENSE
[17].
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2.6. Fluorescent in situ hybridisation (FISH) probe

design and validation

An oligonucleotide targeting the 16S rRNA sequence
of the unknown strain was designed using the Arb
software package [18]. The probe sequence was checked
using the check-probe function of the RDP software
package and the alignment function of the EMBL
database. The 18 nucleotide probe (sequence 50-CCT
TAC GGG TTA TGC CAT-30), has a G+C content of
50% and was designated ‘S-S-A.ste-1395-a-A-18’ (ab-
breviated to ‘A.ste1395’ for use in this manuscript)
according to the oligonucleotide probe database (OPD)
[19]. The probe was synthesised and monolabelled at the
50 end with indocarbocyanine-3 (Cy3, Ex 552 nm, Em
568 nm) by MWG-Biotech (Milton Keynes, UK).

Hybridisation temperatures of 45, 48, 50 1C were
tested using a pure culture of the unknown bacterium
and percentage hybridisations were calculated from 15
fields counted in duplicate. Once the optimum condi-
tions had been observed, specificity of the probe was
then tested on 20 different reference strains representing
16 different species isolated from dog feces (viz:
Clostridium hiranonis, C. perfringens, C. tertium, Col-

linsella intestinalis, Fusobacterium varium, Catenibacter-

ium mitsuokai, Escherichia coli, Bifidobacterium

pseudolongum, Lactobacillus murinus, L. reuteri, L.

ruminus, L. animalis, and L. acidophilus). In addition,
the probe was tested against the nearest phylogenetic
relatives of the unknown bacterium viz: Eubacterium

biforme DSM 3989T, E. cylindroides DSM 3983T, E.

dolichum DSM 3991T, E. tortuosum DSM 3987T,
Streptococcus pleomorphus DSM 20574T, and C. in-

nocuum DSM 1286T. Reference strains were grown on
Columbia blood agar (Oxoid, Basingstoke, UK) at
37 1C under anaerobic conditions. After 24 h incubation,
a loopfull of each culture was suspended in 1 mL of PBS.
375 mL of this mix was then added to 1125 mL of filtered
(0.2 mm) sterilised 4% (w/v) paraformaldehyde solution
and fixed overnight at 4 1C. The fixed sample was then
centrifuged for 5 min, at 13,000g, the supernatant
discarded and the resultant pellet resuspended in 1 mL
of filtered PBS (pH 7.4) and repelleted. After washing
the pellet a second time, it was thoroughly re-suspended
in 150 mL of PBS and 150 mL of 96% (w/v) ethanol and
stored at �20 1C for at least 1 h before further
processing.

Hybridisations were carried out at 45 1C. 200 mL of
filtered buffer (40 mM Tris–HCL pH 7.2, 1.8 M NaCl)
containing 20 ml/L of 10% (w/v) SDS and 64 mL of
HPLC grade H2O were added to 16 mL of fixed cells and
warmed to 45 1C. 135 mL of the prewarmed hybridisa-
tion solution was added to 15 mL of probe S-S-A.ste-
1395-a-A-18 (final concentration 50 ng/mL) vortexed and
left at 45 1C overnight. To wash the sample after 24 h,
20 mL of DAPI (500 ng/ml) was added to 5 mL of
washing buffer (20 mM Tris–HCL pH 7.2, 0.9 M NaCl),
warmed to 45 1C before adding 150 mL of the hybridised
sample and stored at 45 1C for a further 30 min. Each
culture was stained for both total counts using 40,6-
diamidino-2-phenylindole (DAPI, Ex 344, Em 450) and
probe A.ste1395. The washed sample was vacuum
filtered onto a 0.2 mm pore-size polycarbonate filter
(Millipore, Watford, UK) and placed on a microscope
slide. A drop of SlowFadeTM-Light Antifade Kit
component A (Molecular Probes Europe BV, Leiden,
The Netherlands) was placed onto the filter to avoid
fading of the probes. A microscope with EPI-Fluores-
cence Attachment (Nikon UK, Ltd., Kingston upon
Thames, UK) was used for the enumeration of bacteria.
Total counts (DAPI) with UV light and Cy3 probe
counts were enumerated at 550 nm. Fifteen random
fields with a good distribution of cells (10–100) were
checked for each sample in duplicate.

2.7. Analysis of dog fecal samples using probe A.ste1395.

20 g of freshly passed feces were placed in 200 mL of
pre-reduced PBS and stirred for 10 min. 5 mL of this
fecal slurry was then added to a 50 mL centrifuge tube
with 3 glass beads (5 mm), and vortexed for 30 s, after
which time the tubes were centrifuged for 2 min at
4000g. 375 mL of the supernatant was added to 1125 mL
of filtered 4% (w/v) paraformaldehyde (as described
previously). The remaining methodology was as de-
scribed for the probe validation with the exception of
only 30 mL of the hybridised sample being added to the
washing buffer. The slides were counted within 48 h of
preparation.
3. Results and discussion

The fecal isolate consisted of non-spore-forming rod-
shaped cells. Typical cells were 0.75–0.9� 1.2–2.0 mm in
pairs or chains (Fig. 1). The organism was strictly
anaerobic and failed to grow in air or under micro-
aerophilic conditions (2% or 6% oxygen). It was
catalase-negative and produced acid from glucose
(acidification of PYG-1% glucose medium pH 6.8, after
6 days pH is 5.6). The end products of glucose
metabolism after 72 h (PY broth, OD 0.65, final pH
5.6, glucose 10 mM) were lactate (3.53 mM), butyrate
(4.42 mM), and ethanol (0.225 mM). Using classical
biochemical methods the strain produced acid from
cellobiose, fructose, galactose, glucose, maltose, salicin
and sucrose but not from amygdalin, arabinose,
glycogen, inositol, mannitol, mannose, melezitose,
melibiose, raffinose, rhamnose, ribose, sorbitol, starch,
trehalose or xylose. It did not hydrolyse esculin, gelatin,
starch or urea, was indole negative and failed to reduce
nitrate to nitrite. Using the API rapid ID32AN test
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system, the unidentified isolate showed activity for
alkaline phosphatase, arginine arylamidase, N-acetyl-X-
glucosaminidase, and X-galactosidase. All other enzyme
tests were negative. Using the API ZYM kit the strain
showed activity for acid phosphatase, alkaline phospha-
tase, esterase C-4, ester lipase C8, and phosphoamidase.
Activities for all other enzymes in this system were
negative. Determination of the G+C content of DNA
of strain CCUG 45212T revealed a value of 37.9 mol %
indicating that it was a member of the low G+C Gram-
positive Clostridium subphylum. To ascertain the
Fig. 1. Scanning electron micrograph of cells of Allobaculum

stercoricanis DSM 13633T grown at 37 1C on PYG agar for 2 days.
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Fig. 2. Unrooted phylogenetic tree showing the phylogenetic relationships

constructed using the neighbor-joining method was based on a comparison

percentage of 500 replications are given at the branching points.
phylogenetic position of the unknown organism, com-
parative 16S rRNA gene sequencing was carried out.
The almost complete sequence (41400 nt) of the 16S
rRNA gene of the isolate was determined and treeing
analysis showed the dog bacterium was most closely
associated to members of Clostridium rRNA cluster XVI
(9) and related taxa. Fig. 2 depicts a neighbour-joining
tree showing the phylogenetic relationships of the
unidentified bacterium and clearly shows that it forms
a new and sub-line branching at the periphery of rRNA
cluster XVI.

The probe target region corresponded to positions
1395 to 1412 (SSU rRNA positions—E. coli number-
ing). The probe sequence (50-CCT TAC GGG TTA
TGC CAT-30) was fully complementary to 16S rRNA of
the isolate. The optimum temperature for probe
A.ste1395 hybridisation was found to be 45 1C when
compared with 48 and 50 1C, giving percentage hybri-
disations of 100%, 60%, and 55%, respectively. The
probe was found to be specific for the unknown species
as no fluorescence was observed with any of the
reference strains used but DAPI staining was always
visible. Counts of probe A.ste1395 in the 21 fecal
samples tested (Fig. 3) were observed at an average of
1.5% of the total flora, indicating that the hitherto
unknown rod-shaped bacterium was present in all dog
samples and represents a significant species of the canine
gut microflora.

It is evident from results of the taxonomic study that
the isolate recovered from dog feces represent a hitherto
unknown species. Phylogenetically, the novel rod-
shaped bacterium forms a distinct and deep sub-line
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Table 1

Characteristics which are useful in distinguishing A. stercoricanis from its nearest phylogenetic relatives (Clostridium rRNA cluster XVI)

Speciesa 1 2 3 4 5 6 7

Cell shape Rods Rods Cocci, rods Rods Rods Rods Cocci

Spores � + � � � � �

Acid from:

Cellobiose + + � � � � �

Esculin + NDb
� � � � ND

Fructose + + + + � � +

Glucose + + + + � + +

Lactose � � d � � � �

Maltose + � � � � � �

Mannose � + + + � � +

Salicin + + � � � � �

Sucrose + + � d � + �

Trehalose � + d � � � �

Nitrate reduction � � � � � d �

End products L B e B L a (f s) B L c L B (a f s) B (l a) L, a b s (f) L b f (a s)

G+C mol% 38 43–44 32 31 ND ND 39

aSpecies: 1, A. stercoricanis; 2, C. innocuum; 3, E. biforme; 4, E. cylindroides; 5, E. dolichum; 6, E. tortuosum; 7, S. pleomorphus; data from present

study and Refs. [8,21,22].
bAbbreviations: ND, not determined; d, variable results.
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within Clostridium rRNA cluster XVI. This rRNA
cluster embraces a phenotypically diverse range of
miss-classified organisms bearing a variety of generic
names (viz: C. innocuum, E. biforme, E. cylindroides, E.

dolichum, E. tortuosum and S. pleomorphus). Although
the association of the unknown dog bacterium with
Clostridium rRNA cluster XVI was statistically signifi-
cant (100% bootstrap value), it formed a deep sub-line
and exhibited 13–15% sequence divergence with mem-
bers of this cluster, thereby demonstrating it is only
distantly related to these species (Table 1). Other related
taxa, such as Coprobacillus, Catenibacterium, Erysipelo-

thrix, Holdemania, Solobacterium and the Clostridium

spiroforme species group (rRNA cluster XVIII), exhib-
ited similar or even greater degrees of sequence
divergence (approximately 14–20%) showing the uni-
dentified bacterium to be only distantly related to
described organisms. The generic assignment of the
novel dog bacterium is problematic given that it is a
strictly anaerobic, Gram-positive, asporogenous rod-
shaped organism. Prior to the widespread adoption of
16S rRNA sequencing, the unknown rod would
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taxonomically have been considered a member of the
Eubacterium genus. It is however now universally
acknowledged that eubacteria are phylogenetically very
diverse with species spread amongst a broad range of
genera, and that the genus Eubacterium sensu stricto

should be restricted to Eubacterium limosum and its
close relatives (viz: Eubacterium barkeri, E. callanderi, E.

aggregans) [10]. The novel rod-shaped bacterium de-
scribed here is phylogenetically only remotely related to
E. sensu stricto (approximately 20% sequence diver-
gence). In addition, it differs from authentic eubacteria
in having a relatively low DNA G+C content of
37 mol% and a type A wall based on meso-diaminopi-
melic acid. By contrast, members of E. sensu stricto have
a significantly higher G+C content of 45–55 mol% and
possess a type B murein. The unknown rod-shaped
species is also taxonomically incompatible with other
recognised genera. For example, it is far removed from
the phylogenetically related genera Catenibacterium,
Coprobacillus, Erysipelothrix, Holdemania and Solobac-

terium (Fig. 2) displaying sequence divergence values of
greater than 13%. Furthermore, the unknown species
can be phenotypically readily distinguished from the
genera Catenibacterium, Coprobacillus, Erysipelothrix

and Solobacterium in acid end products (Catenibacter-

ium, produces acetic, butyric, isobutyric, and lactic
acids; Coprobacillus, acetic and lactic acids; Erysipelo-

thrix lactic acid; Solobacterium, acetic, lactic and butyric
acids). In addition Erysipelothrix and Holdemania differ
markedly from the unknown bacterium in possessing an
unusual group B cell wall murein based on l-Lysine [20].
Thus, the novel organism is both phylogenetically and
phenotypically incompatible with these and other genera
such as Clostridium sensu stricto and E. sensu stricto and
clearly merits classification in a separate genus. There-
fore based on the presented findings we propose that the
unknown rod-shaped organisms from dog feces be
assigned to a new genus Allobaculum, as A. stercoricanis.
3.1. Description of Allobaculum gen. nov.

Allobaculum (al.lo.bacu.lum. Gr. prefix allo the other,
L. neut. n. baculum small rod, N. L. neut. n. allobaculum

the other small rod) cells are rod-shaped. Cells stain
Gram-positive and are arranged in pairs or chains. No
spores are observed and cells are non-motile. Anaerobic
and catalase-negative. The end products of glucose
metabolism are predominantly lactic and butyric acids
together with small amounts of ethanol. Esculin is
hydrolysed but not gelatin, starch or urea. Lecithinase
and lipase negative. Indole is not produced and nitrate is
not reduced to nitrite. The cell wall murein contains
meso-Dpm. The G+C content of DNA is 37.9 mol%.
The type species is Allobaculum stercoricanis.
3.2. Description of Allobaculum stercoricanis sp: nov:

stercoricanis (ster.co.ri.ca’nis. L. n. stercus, oris, feces;
L. genit. n. canis of the dog; L. genit. n. stercoricanis

from dog feces) cells are short-rods 0.75–0.9� 1.2–2 mm
which stain Gram-positive and are arranged in pairs or
chains. No spores are observed and non-motile.
Colonies are up to 3 mm in diameter, irregular, erose
margin, translucent, flat and grayish in colour. Non-
hemolytic. Growth occurs at 30 and 40 1C but not at 20
or 45 1C; optimum growth temperature ca. 37–40 1C.
Stricly anaerobic and catalase-negative. Produces acid
from glucose (acidification of PY-1% glucose medium
pH 6.8, after 6 days pH is 5.6–5.9). End products of
glucose metabolism are lactic and butyric acids, together
with monor amounts of ethanol. Using traditional tests,
acid is produced from cellobiose, fructose, galactose,
maltose, salicin and sucrose. Acid is not produced from
amygdalin, arabinose, glycogen, inositol, lactose, man-
nitol, mannose, melezitose, melibiose, raffinose, rham-
nose, ribose, sorbitol, starch, trehalose or xylose.
Esculin is hydrolysed but not gelatin, starch or urea.
Lecithinase and lipase negative. Indole is not produced
and nitrate is not reduced to nitrite. Using the
commercially available API test systems activity is
detected for acid phosphatase, alkaline phosphatase,
arginine arylamidase, esterase C-4, ester lipase C8 and
phosphoamidase. No activity is detected for alanine
arylamidase, alanine phenylalanine, proline arylami-
dase, arginine dihydrolase, a-arabinosidase, trypsin,
chymotrypsin, a-fucosidase, a-glucosidase, b-glucosi-
dase, b-glucuronidase, a-galactosidase, b-galactosidase-
6-phosphate, glutamic acid decarboxylase, glutamyl
glutamic acid arylamidase, glycyl tryptophane arylami-
dase, glycine arylamidase, histidine arylamidase, leucine
arylamidase, leucyl glycine arylamidase, lipase C14, a-
mannosidase, b-mannosidase, phenyl alanine arylami-
dase, proline arylamidase, pyroglutamic acid arylami-
dase, serine arylamidase, valine arylamidase, urease or
tyrosine arylamidase. Activity may or may not be
detected for N-acetyl-X -glucosaminidase and X -galacto-
sidase depending on the test kit used. The type strain is
DSM 13633T=CCUG 45212T. The G+C content of
DNA of the type strain is 37.9 mol%. Isolated from
feces of dogs.
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