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Phenotypic and phylogenetic studies were performed on two isolates of an unidentified
Gram-positive, anaerobic, non-spore-forming, rod-shaped bacterium that was isolated from
human faeces. The organisms were catalase-negative, produced acetic and butyric acids as
end products of metabolism and possessed a DNA G+ C content of approximately 54 mol%.
Comparative 16S rRNA gene sequencing demonstrated that the two isolates were related closely
to each other and formed a hitherto unknown sublineage within the Clostridium leptum rRNA

cluster of organisms. Based on phylogenetic and phenotypic evidence, it is proposed that
the unknown bacterium should be classified in a novel genus as Anaerotruncus colihominis
gen. nov., sp. nov. The type strain of Anaerotruncus colihominis is WAL 14565T =CCUG

45055"=CIP 107754".

The human large intestine harbours a highly diverse and
complex community of bacteria that play an important
role in the health and physiological function of the host
(Ducluzeau, 1988; Gibson & Roberfroid, 1995). Although
the intestinal microbiota has been investigated in great
detail over many years by using anaerobic culturing tech-
niques, it is now recognized universally that the human
gut contains many unknown bacteria. By using culture-
independent techniques, such as PCR rDNA direct com-
munity sequence analysis, it is now clear that the great
majority of bacteria within the gut and faeces belong to
three major phylogenetic groups: the Bacteroides group, the
Clostridium coccoides group and the Clostridium leptum
subgroup (Wilson & Blitchington, 1996; Suau et al., 1999).
Furthermore, it is now evident from these studies that the
majority of rDNA lineages generated are derived from
hitherto undescribed species. Although it is possible that
much of this novel diversity may represent non-culturable
organisms, it nevertheless seems likely that many others
have simply eluded taxonomic description, due to the
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Abbreviations: CCUG, Culture Collection of the University of Géteborg;
CIP, Collection de [lnstitut Pasteur; WAL, Wadsworth Anaerobic
Laboratory.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain WAL 14565" is AJ315980.

limitations of traditional phenotypic methods of identifi-
cation. It is recognized that 16S rRNA gene sequencing,
used in concert with culturing techniques, represents a
powerful approach for discerning novel species diversity
within the human gut and faeces (e.g. Barcenilla et al., 2000;
Steer et al., 2001; Taras et al., 2002). In the present study,
we have used this approach to facilitate the identification
of two isolates of a hitherto unknown species within the
C. leptum subgroup. Based on the presented findings, we
describe a novel genus and species, Anaerotruncus coliho-
minis gen. nov., sp. NOv.

Two isolates were recovered from stool specimens of
children with late-onset autism at the Rush Childrens
Hospital, Chicago, USA. Neither child had been on anti-
microbials. Strain WAL 14565" was recovered from faecal
material of a 71-month-old male child and strain WAL
15976 was recovered from a 60-month-old male child.
Neither child had ever had any contact with the other. The
entire stool specimens were homogenized by using a sterile
stainless steel blender with one to three volumes of peptone
(0-05%) added as diluent, if required. An aliquot of each
specimen (approx. 1 g in weight) was used to make serial
tenfold dilutions in pre-reduced, anaerobically sterilized
(PRAS) dilution blanks (Anaerobe Systems). A 100 pl
aliquot of each dilution was plated onto Brucella blood agar
(Anaerobe Systems) and incubated anaerobically at 37 °C
under an N,/CO, (80:20, v/v) gas phase. All colonies with
unique colony morphology on the preliminary isolation
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plates were selected for purification. The strains did not
come up as pure cultures; they were purified by repeated
streaking. The strains were characterized biochemically
by using a combination of conventional tests, as described
in the Wadsworth and VPI anaerobic manuals (Holdeman
et al., 1977; Jousimies-Somer et al., 2002) and in the API
ZYM and Rapid ID 32A (bioMérieux) and AN MicroPlate
(Biolog) systems, according to the instructions of the res-
pective manufacturer. Substrate utilization was examined by
using peptone/yeast/sugar broth tubes (Anaerobe Systems).
All biochemical tests were performed in duplicate. The DNA
G+ C content was determined by HPLC according to
Mesbah et al. (1989), except that the methanol content of
the chromatographic buffer was reduced to 8% and the
temperature was increased to 37 °C. 16S rRNA genes of the
isolates were amplified by PCR and sequenced directly by
using a Taq DyeDeoxy Terminator Cycle Sequencing kit
and a model 373A automatic DNA sequencer (both from
Applied Biosystems). The closest known relatives of the
new isolates were determined by performing database
searches with the program FASTA (Lipman & Pearson,
1985). These sequences and those of other known related
strains were retrieved from GenBank or the Ribosomal
Database Project (RDP) database and aligned with the
newly determined sequence by using the program
DNATools (Rasmussen, 1995). The resulting multiple
sequence alignment was corrected manually by using the
program GeneDoc (Nicholas et al., 1997) and a phylogenetic
tree was constructed according to the neighbour-joining
method with the programs DNATools and TREEVIEW (Page,
1996). Stability of the groupings was estimated by bootstrap
analysis (1000 replications) using the same programs.

The isolates that originated from faecal material consisted of
anaerobic, Gram-positive, fairly thin (0-5 x 2-5 pm) rods.
Spores were not observed (Fig. 1). After 48 h anaerobic
incubation at 37 °C under an N,/CO, (80:20, v/v) gas
phase, colonies were 2-3 mm in diameter, grey, entire-
edged, irregularly shaped, low pyramidal in profile and
translucent. The isolates grew well anaerobically, but no
growth occurred following subculture in an atmosphere of
2 or 6% O,. The pH range for growth was 5-5-11 and the
growth temperature range was 36—40 °C. They were catalase-
negative and did not reduce nitrate to nitrite, but were
indole-positive. They were inhibited by bile. Glucose was
fermented, with the production of acid and gas. Analysis
of metabolic end products by GLC from peptone/yeast/
glucose broth revealed only acetic and butyric acids, but
no organic acids. Both isolates failed to hydrolyse aesculin,
gelatin or urea. H,S was produced by both strains. They
were able to grow in peptone/yeast broth supplemented
with 1% glucose, fructose, mannose or cellobiose, but they
failed to grow in peptone/yeast broth alone or supple-
mented with arabinose, inositol, lactose, maltose, mannitol,
melezitose, melibiose, raffinose, rhamnose, ribose, salicin,
sorbitol, starch or xylose. Acid phosphatase was detected by
using the API ZYM system; indole was the only positive
reaction with the API Rapid ID32A system. By using the

Fig. 1. Transmission electron micrograph of thin-sectioned
cells of Anaerotruncus colihominis gen. nov., sp. nov. Bar,
0-5 um.

Biolog system, both strains utilized N-acetyl-D-glucosamine,
N-acetyl- f-D-mannosamine, arbutin, D-cellobiose, dextrin,
D-fructose, D-galactose, D-galacturonic acid, «-D-glucose,
maltose, maltotriose, D-mannose, methyl 3-D-glucose,
methyl f-D-glucose, methyl f-D-galactoside, methyl f-D-
glucoside, palatinose, D-trehalose and turanose. The strains
also utilized o-ketobutyric acid, o-ketovaleric acid, L-malic
acid, pyruvic acid and pyruvic acid methyl ester. Serine,
L-valine, 2'-deoxyadenosine, inosine, thymidine and uri-
dine were also utilized for growth. Utilization of maltose
and trehalose for growth varied with the test method: they
were utilized for growth in the Biolog system, but not in
PRAS broth tests. The isolates were sensitive to vancomycin
(5 pg) and kanamycin (1000 pg), but resistant to colistin
(10 pg) identification discs.

To determine phylogenetic affinities of the unidentified
isolates, their 16S rRNA genes were amplified by PCR
and sequenced. The two isolates (WAL 14565" and WAL
15976) were found to be genetically closely related to each
other, displaying 100 % 16S rRNA gene sequence similarity.
Sequence database searches showed that the unknown
bacterium, as exemplified by strain WAL 14565°, was a
member of the Clostridium subphylum of the Gram-positive
bacteria (data not shown). Based on sequence similarity,
the closest relatives of the unidentified bacterium were
Anaerofilum spp. (87-88 %), Clostridium cellulosi (87 %),
Clostridium methylpentosum (88 %), C. leptum (87 %),
Clostridium sporosphaeroides (88 %), Eubacterium siraeum
(87 %) and Ruminococcus spp. (88-90%). A tree showing
the phylogenetic relationships of the unknown bacterium,
constructed by using the neighbour-joining method, is
depicted in Fig. 2 and shows that the unidentified rod-
shaped bacterium is a member of the C. leptum suprageneric
rRNA cluster.

The unidentified Gram-positive, asporogenous, rod-shaped
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Faecalibacterium prausnitzii ATCC 27766
(M58682)
Anaerofilum agile DSM 42727 (X98011)

100
Anaerofilum pentosovorans DSM 7168T (X97852)
Eubacterium siraeum ATCC 290667 (L34625)

Clostridium cellulosi AS 1.1777T (L09177)

Anaerotruncus colihominis CCUG 450557 (AJ315980)
Clostridium methylpentosum DSM 54767 (Y18181)
Ruminococcus bromii ATCC 272557 (X85099)

Clostridium leptumn DSM 7537 (AJ305238)

Clostridium sporosphaeroides DSM 1294T (X66002)
Ruminococcus albus ATCC 272107 (X85098)

Ruminococcus flavefaciens ATCC 192087 (X85097)

Ruminococcus callidus ATCC 277607 (X85100)

Fig. 2. Unrooted tree showing the phylogenetic relationships of
Anaerotruncus colihominis gen. nov., sp. nov. and its close
relatives. The tree, constructed by using the neighbour-joining
method, is based on a comparison of approximately 1330 nt.
Bootstrap values, expressed as percentages of 1000 replications,
are given at branching points. Bar, 1% sequence divergence.

organisms clearly represent a hitherto unknown bacterium
from human faeces. Phylogenetically, the bacterium forms
a distinct lineage of descent within the C. leprum rRNA
group (rRNA cluster IV; Collins et al., 1994). This grouping
embraces a phenotypically and phylogenetically diverse
range of organisms and represents one of three major
bacterial phylogenetic lineages within the human gut
(Suau et al., 1999). The novel bacterium reported here
displays 10 % or greater sequence divergence from described
members of the C. leptum group. Although the unidentified
bacterium formed a loose association with C. cellulosi on
treeing analysis, bootstrap resampling demonstrated that
this affinity was not statistically significant. Furthermore,
the novel faecal bacterium differs phenotypically from
C. cellulosi and all other described taxa within the C. leptum
rRNA cluster. In particular, it differs from C. cellulosi
and other misclassified clostridial species within this supra-
generic cluster by not forming spores. In addition, the
unknown bacterium differs from C. cellulosiin end products
of glucose metabolism and indole reaction. Furthermore,
C. cellulosi is thermophilic and possesses a significantly
lower DNA G + C content (35 mol%) than the unidentified
bacterium (54 mol%) (Yanling ef al., 1991). The unknown
bacterium can also be distinguished readily from other taxa
within the C. leptum rRNA group. For example, it can be
distinguished from Anaerofilum spp. (Zellner et al., 1996) by
its cellular morphology, carbohydrate fermentation profile
and end products of metabolism, and from the misclassified

species E. siraeum in acid end products, indole reaction and
carbohydrate fermentation profile (Moore et al., 1976). The
new organism differs from ruminococcal species by its
rod-shaped cells, end products of metabolism and DNA
G+ C content (those of Ruminococcus albus, Ruminococcus
bromii, Ruminococcus callidus and Ruminococcus flavefaciens
range from 39 to 46 mol%) (Bryant, 1986). The unidentified
bacterium also differs markedly from the misclassified
species Fusobacterium prausnitzii (Cato et al, 1974) in
several key features, such as Gram-stain, indole test and end
products of metabolism. Given these phenotypic differ-
ences, in concert with the relatively long and distinct
phylogenetic sublineage formed by the faecal bacterium
within the C. leptum group, we consider that it merits
assignment to a novel genus. We therefore formally propose
that the two isolates should be classified as Anaerotruncus
colihominis gen. nov., sp. nov. Characteristics that are useful
for distinguishing Anaerotruncus from closely related taxa
within the C. leptum suprageneric group are shown in
Table 1.

Description of Anaerotruncus gen. nov.

Anaerotruncus (An.ae.ro.trun’cus. Gr. pref. an without;
Gr. masc. n. aer air; L. masc. n. truncus stick; N.L. masc. n.
Anaerotruncus a stick that lives without air).

Cells are Gram-positive, non-spore-forming, thin rods.
Strictly anaerobic and catalase-negative. Glucose is fer-
mented. End products of metabolism from peptone/yeast
extract broth are acetic and butyric acids. Gelatin is not
hydrolysed. Urease-negative. Nitrate is not reduced to
nitrite. Indole-positive. DNA G+ C content is 54 mol%.
The type species is Anaerotruncus colihominis.

Description of Anaerotruncus colihominis
Sp. nov.

Anaerotruncus colihominis (co.i.ho'mi.nis. L. n. colum
colon; L. gen. n. hominis of man; N.L. gen. n. colihominis
of the gut of man).

Cells are Gram-positive, non-spore-forming, thin rods,
approximately 0-5 x 2-5 um. After 48 h anaerobic incuba-
tion at 37°C under an N,/CO, (80:20, v/v) gas phase,
colonies are 2-3 mm in diameter, grey, entire-edged,
irregularly shaped, low pyramidal in profile and trans-
lucent. pH range for growth is 5-5-11 and growth tem-
perature range is 36—40 °C. Catalase-negative; nitrate is not
reduced to nitrite, but indole is produced. End products
of metabolism from peptone/yeast broth are acetic and
butyric acids. Aesculin, gelatin and urea are not hydrolysed.
Able to grow in peptone/yeast broth supplemented with
1% glucose, fructose, mannose or cellobiose, but there is
no growth in peptone/yeast broth alone or supplemented
with arabinose, inositol, lactose, maltose, mannitol,
melezitose, melibiose, raffinose, rhamnose, ribose, salicin,
sorbitol, starch or xylose. By using the Biolog sys-
tem, N-acetyl-D-glucosamine, N-acetyl-f-D-mannosamine,
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Table 1. Characteristics that are useful for distinguishing Anaerotruncus gen. nov. from closely related taxa within the

C. leptum suprageneric group

Taxa: 1, Anaerotruncus gen. nov.; 2, Anaerofilum; 3, C. cellulosi; 4, C. leptum; 5, C. sporosphaeroides; 6, E. siraeum; 7, Faecalibacterium;
8, Ruminococcus. Data from Bryant (1986), Cato et al. (1986), Moore & Holdeman Moore (1986), Zellner et al. (1996) and Duncan et al

(2002).
Characteristic 1 2 3 4 5 6 7 8%
Gram-stain + ++ — + + + _ v
Cell shape Rods Rods Rods Rods Rods Rods Rods Cocci
Spore formation - - + + + - - -
Motility — % + — — v — _
Hydrolyis of:
Aesculin - A + A - v + %
Cellulose — — + — _ _ _ v
Nitrate reduction - ND - - — — _ _

Indole production + ND

DNA G+ C content (mol%) 54 54-55

End products of glucose metabolismf A, B A, E, F, L, 2,3-butanediol A, E§ A, (¢) A, B,p AE B, L fs (p) AELST

35 51-52 27 45 47-57 39-46

*R. albus, R. bromii, R. callidus and R. flavefaciens.
+OId cultures stain Gram-negative.

FA, Acetic acid; B, butyric acid; E, ethanol; F, formic acid; L, lactic acid; P, propionic acid; S, succinic acid. Minor products are indicated by

lower-case letters; products in parentheses may or may not be formed.

§From cellulose for C. cellulosi.

arbutin, D-cellobiose, dextrin, D-fructose, D-galactose,
D-galacturonic acid, o-D-glucose, maltose, maltotriose,
D-mannose, methyl 3-D-glucose, methyl f-D-glucose,
methyl f-D-galactoside, methyl f-D-glucoside, palatinose,
D-trehalose and turanose are utilized. «-Ketobutyric acid,
a-ketovaleric acid, L-malic acid, pyruvic acid and pyruvic
acid methyl ester are also utilized. Serine, L-valine, 2'-
deoxyadenosine, inosine, thymidine and uridine are also
utilized for growth. By using the API ZYM and Rapid ID
32A systems, acid phosphatase and indole activities are
detected, but N-acetyl-f-glucosaminidase, alanine arylami-
dase, alkaline phosphatase, arginine arylamidase, arginine
dehydrolase, a-arabinosidase, ester lipase C8, «-galactosidase,
f-galactosidase, a-glucosidase, f-glucosidase, ff-glucuroni-
dase, glutamyl glutamic acid arylamidase, a-mannosidase,
o-fucosidase, chymotrypsin, alanine arylamidase, leucyl
glycine arylamidase, phosphoamidase, trypsin, cystine
arylamidase, esterase C4, f-galactosidase-6-phosphate,
glutamic acid decarboxylase, glycine arylamidase, histidine
arylamidase, lipase C14, leucine arylamidase, phenylalanine
arylamidase, proline arylamidase, pyroglutamic acid
arylamidase, serine arylamidase, tyrosine arylamidase and
valine arylamidase activities are not detected. Sensitive
to vancomycin (5 pug) and kanamycin (1000 pg), but
resistant to colistin sulphate (10 pg) identification discs.
DNA G+ C content is 54 mol%.

The type strain is WAL 14565 =CCUG 45055" = CIP
107754". Isolated from human faecal material. Habitat is
not known, but is probably the human gut.
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