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A Gram-stain-negative, facultatively anaerobic, non-motile and coccoid- to short-rod-shaped
bacterium, designated strain Dys-CH1", was isolated from the hindgut of a fungus-growing
termite Macrotermes barneyi. The optimal pH and cultivation temperature of strain Dys-CH1"
were pH 7.2-7.6 and 35-37 °C, respectively. Sequence analysis of 16S rRNA gene showed
that Dys-CH1" shared 94.6 % and 90.9 % similarity with Dysgonomonas capnocytophagoides
JCM 166977 and Dysgonomonas gadei CCUG 428827, respectively. Strain Dys-CH1" was
found to be different from other species of the genus Dysgonomonas with validly published
names with respect to taxonomically important traits, including habitat, biochemical tests, DNA
G+ C content, bile resistance, fatty-acid composition and susceptibility to antimicrobial agents.

On the basis of these characteristics, strain Dys-CH1" represents a novel species of the genus
Dysgonomonas for which the name Dysgonomonas macrotermitis sp. nov. is proposed. The type
strain is Dys-CH1" (=JCM 19375"=DSM 27370").

The genus Dysgonomonas, a member of the family Porphy-
romonadaceae in the phylum Bacteroidetes, was established
by Hofstad et al., (2000). The type species of the genus is
Dysgonomonas gadei (Hofstad et al., 2000). At the time of
writing, the genus Dysgonomonas includes five species with
validly published names: D. gadei, D. capnocytophagoides,
D. mossii, D. hofstadii and D. oryzarvi. The first four species
were isolated from human clinical specimens (Hofstad
et al, 2000; Lawson et al., 2002, 2010) and last one, D.
oryzarvi, was from a microbial fuel cell (Kodama et al.,
2012). To investigate the symbiotic roles of the gut micro-
biota in fungus-growing termites, we isolated bacterial
strains from the hindgut of the fungus-growing termite
Macrotermes barneyi. One strain, Dys-CH1", (closely
related to D. capnocytophagoides JCM 16697, 94.6 % 16S
rRNA gene sequence similarity), whose 16S rRNA gene
sequence was nearly identical to uncultured bacterial clone
BOf7-08 from another fungus-growing termite Odonto-
termes formosanus, was characterized.

Strain Dys-CH1" was isolated from the hindgut homo-
genate samples under strictly anaerobic conditions. The

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain Dys-CH1" is HG315620.

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

sample was serially diluted with pre-reduced 0.1 mol
PBS 17" (0.145 mol NaCll~', 0.15 mol sodium phos-
phate 1”'; pH 7) and spread onto modified Gifu Anaer-
obic Medium (GAM) agar supplemented with antibiotics
(norfloxacin 40 pg ml ], Sigma) (Nagai et al., 2010). The
plates were incubated for three days at 37 °C in anaerobic
jars sealed in an anaerobic glove box (Coy Laboratory
Products) which contained 88 % nitrogen, 7% hydrogen
and 5% CO,. Resulting colonies were picked and further
purified by restreaking on new plates, then identified
preliminarily by 16S rRNA gene sequencing. Among ten
investigated colonies, seven colonies were closely related to
species of the genus Dysgonomonas. One colony (later
named as strain Dys-CH1", closely related to D. capno-
cytophagoides JCM 16697%; 94.6% 16S rRNA gene se-
quence similarity), had a nearly identical 16S rRNA gene
sequence to that of the uncultured bacterial clone BOf7-08
from another fungus-growing termite Odontotermes for-
mosanus. Routine cultivation of the isolate was performed
at 37 °C in a modified medium 14 (MM14; Japan Col-
lection of Microorganisms), 50 ml 17! horse blood was
replaced by 5 g 17" digested serum powder and 5 mg 17"
haem. Bacterial cells were stored at —80 °C in MM14
supplemented with 15 % (v/v) glycerol.

Phenotypic features of the isolate Dys-CH1" were deter-
mined by cultivating the isolate on MM14 at 35 °C. Cell
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morphology was determined by using an optical micro-
scope (BX51; Olympus). Gram staining and motility tests
were conducted according to standard procedures (Smibert
& Krieg, 1994). Oxidase activity was determined from
oxidation of 1% p-aminodimethylaniline oxalate. Catalase
activity was determined from bubble production in 3 %
(v/v) H,O, solution. Growth requirements for X and V
factors were examined using discs impregnated with X
factor (haem), V factor (NAD), or both and trypticase soy
agar as basal medium. Bile sensitivity was determined by
adding bile salts (Oxoid) (0.5%, w/v) to liquid medium
MM14. The effects of different temperatures on growth
were assessed on liquid medium MM14 incubated at 15,
20, 25, 28, 30, 35, 37, 40 and 42 °C. The pH range for
growth was determined for the culture in MM 14 at various
pH values, adjusted with HCl or NaOH (1 mol 17 "). D.
capnocytophagoides JCM 16697 was used as a reference
strain.

For physiological and biochemical characterizations, API
ZYM, API 20E and API 20NE systems (bioMérieux)
were used according to the manufacturer’s instructions.
Reference strain D. capnocytophagoides JCM 16697" was
also characterized using the API systems in triplicate. To
investigate the assimilation of single carbon sources,
fermentative growth was examined in the basal peptone
(BP) medium that contained the inorganic ingredients
of the modified 1/10 PYGV medium, 0.5 g trypticase
peptone 17" and 10 mmol HEPES 17! (pH 7.3) (Kodama
et al, 2012). The concentration of each added carbon
source was 0.5% (w/v). The medium without inoculation
and without additional carbon source was used as a nega-
tive control and the medium with inoculation and with
glucose as a positive control. Growth was monitored by
measuring ODgqo. Utilization of different electron accep-
tors was tested in the BP medium supplemented with 1.8 g
glucose 17! as the sole carbon source and sodium sulfite,
sodium sulfate, sodium thiosulfate, sodium nitrate, or O,
(the head-space N, gas was replaced with air) as the sole
electron acceptor according to the protocol of Kodama
et al. (2012). Organic acids were analysed by HPLC.
Antibiotic sensitivity was assessed as follows: 0.1 ml cell
suspension (ODgyo ~0.1) was inoculated into 5 ml MM 14
liquid medium supplemented with antibiotic. The inocu-
lated media were incubated overnight at 35 °C. D. capno-
cytophagoides JCM 16697" was used as a reference under
the same culture conditions. All tests were performed in
triplicate.

DNA G+C content was determined by reversed-phase
HPLC as described by (Mesbah et al., 1989). The 16S rRNA
gene was amplified by PCR using the universal primers, 27f
(5'-AGAGTTTGATCCTGGCT-3") and 1492r (5'-GGTT-
ACCTTGTTACGACTT-3"). The 16S rRNA gene sequence
of strain Dys-CH1" was submitted to GenBank and similar
sequences were searched for in public databases using the
BLAST algorithm and sequence similarity was analysed
with the EzTaxon-e server (Kim et al, 2012). Multiple
alignments of the sequences and reconstruction of the

phylogenetic tree by the neighbour-joining method (Saitou
& Nei, 1987) were performed using MEGA5.1 software
(Saitou & Nei, 1987; Tamura et al, 2011).

Long-chain cellular fatty acid analysis was performed using
a chloroform/methanol system. Cells were anaerobically
cultured on MMI14 agar base containing 0.5% serum
powder and 5 mg haem 17! for 48 h at 37 °C and cen-
trifuged. Saponification, methanolysis, extraction and iden-
tification of the fatty acid methyl esters were performed
using the Microbial Identification System (Microbial ID) as
described previously (Debelian et al., 1997; Moore et al.,
1994).

Strain Dys-CHlT was able to grow in modified GAM,
MM14, modified 1/10 PYGV medium and BP medium
supplemented with glucose. Colonies of strain Dys-CH1"
on modified GAM agar were circular, more translucent and
larger than on MM 14. Cells were Gram-stain-negative, non-
motile, coccobacillus-shaped (approximately 1 pm x 2 um).
Growth was observed on nutrient agar around X discs but
not around V discs, indicating a requirement for haem for
its growth. Strain Dys-CH1" could not grow in the presence
of 0.5% (w/v) bile salts, indicating that it was sensitive to
bile. The complete morphological and biochemical data for
strain Dys-CH1" are given in the species description.

Results of physiological and biochemical properties by
using the API 20E, API 20NE and API ZYM systems are
included in the species description. The activity of N-
acetyl- f-glucosaminidase was detected in strain Dys-CH1",
but not detected in D. capnocytophagoides JCM 16697" by
the API ZYM and API 20NE systems. Sucrose was not
fermented to produce acids by Dys-CH1" but was fer-
mented to produce acids by D. capnocytophagoides JCM
16697", according to API 20E tests. The activities of f-
galactosidase and a-glucosidase from D. capnocytophagoides
JCM 16697" were stronger than those of strain Dys-CH1"
according to API ZYM tests. However, ff-galactosidase was
not detected from D. capnocytophagoides JCM 16697" by
the API 20E system. Data on assimilation of single carbon
sources including monosaccharides, disaccharides, polysac-
charides, amino acids, organic acids and organic alcohols
are given in the species description. The carbohydrates
described above were also used to perform fermentation
tests with the reference strain. D. capnocytophagoides JCM
16697" was able to ferment sucrose and raffinose, but strain
Dys-CH1" was not. L-Cysteine was utilized by strain Dys-
CH1", but not by D. capnocytophagoides JCM 16697".
Interestingly, birchwood xylan, beechwood xylan and oat-
meal xylan could be fermented by D. capnocytopha-
goides JCM 16697", while only birchwood xylan and
beechwood xylan could be used by strain Dys-CHI".

The major fermentation products of Dys-CHI' from
glucose (10 mmol 17') in the BP medium were acetate
(14.8 mmol 17'), lactate (11.3 mmol 17'), propionate
(2.4 mmol 1Y), formate (2.4 mmol 17') and succinate
(2.0 mmol 17') under anaerobic conditions. Under the
same conditions, major products of D. capnocytophagoides
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JCM 16697 were acetate (20.8 mmol 17!), lactate (3.9
mmol 171, propionate (2.2 mmol 1Y), formate (2.0 mmol
17") and succinate (2.0 mmol 17'). Thus, the production
order of major acids obtained by us from D. capno-
cytophagoides JCM 16697" was identical to that for Dys-
CHI1". Acetate and lactate are also the main products for
other species of the genus Dysgonomonas. For both Dys-
CH1" and D. capnocytophagoides JCM 166977, oxygen served
as an electron acceptor in the presence of glucose, while
sulfite, sulfate, thiosulfate and nitrate did not. The major
product of strain Dys-CHlT were lactate (5.6 mmol 171),
acetate (5.0 mmol 17"), propionate (0.9 mmol 1™"), formate
(0.7 mmol 17!) and succinate (0.6 mmol 17!) when oxygen
served as the electric acceptor. As for D. capnocytophagoides
166977, the major products were lactate (10.6 mmol 171,
acetate (24.2 mmol 17'), propionate (2.0 mmol 17'),
formate (1.4 mmol 1") and succinate (1.2 mmol 1™ }).

The fatty acids of strain Dys—CHlT were anteiso-Cis.¢
(31.8%), is0-Cy7.¢ 3-OH (12.4 %), Ci6.¢ (7.8 %), Cy7.¢ 3-
OH (7.3%), is0-Cis.9 3-OH (7.0%), is0-Ci4.o (6.1 %),
Cis:0 (4.8%), Ci6:0 3-OH (4.5 %), i50-Cy5.0 (3.8 %), Cy7.0
2-OH (3.5%), i50-Cy6.1 /C14.0 3-OH (3.4%), Cys.0 3-OH
(4.0 %), anteiso-Cy3.¢ (1.9%) and C,7.¢ (1.7 %). This fatty
acid profile was similar to those of species of the genus
Dysgonomonas, although fatty acids were present in different
proportions. Detailed fatty acid compositions of the novel
isolate and related strains are given in Table S1 (available in
the online Supplementary Material). The genomic DNA
G +C content of strain Dys-CH1" was 40.0 mol%.

The susceptibility of strain Dys-CH1" to antimicrobial
agents was investigated and compared with data for the
reference strain D. capnocytophagoides JCM 16697" by the
same method and data for D. gadei CCUG 42882" from
Hofstad et al. (2000; Table S2). Dys.—CHlT was resistant to
clindamycin phosphate (MIC, 100 pg ml™'). In contrast,
D. capnocytophagoides JCM 16697" was sensitive to
clindamycin phosphate (MIC 20 ug ml~"). The MICs of
antibiotics for strain Dys-CH1" are given in the species
description and Table S2.

Phylogenetic comparison of the 16S rRNA gene sequence
from strain Dys-CH1" revealed that it was most closely
related to D. capnocytophagoides JCM 16697" (94.6 % 16S
rRNA gene sequence similarity) (Fig. 1). Compared with
D. mossii CCUG 43457T, D. oryzarvi JCM 16859T, D.
gadei CCUG 42882" and D. hofstadii CCUG 547317, 16S
rRNA gene sequence similarities of Dys-CH1" were 92.3 %,
92.2%, 90.9% and 90.3 %, respectively. In addition to
these type strains, strain Dys-CH1" showed 16S rRNA gene
sequence similarity (>97 %) to some uncultured bacterial
clones that were retrieved from the guts of some fungus-
growing termites which included BOf7-08 (GenBank
accession number AB288912, 99.6 %) from Odontotermes
formosanus (Shinzato et al., 2007). Comparison of 16S
rRNA gene sequences with those of other uncultured
clones are given in Table S3. These data indicate that
relatives of strain Dys-CH1" are widely distributed in the
guts of invertebrate animals, especially fungus-growing
termites, cockroaches and beetles.

oor Uncultured bacterium BOf7-08 (AB288912)

0.01

91

43

1
1004(Dysgonomonas macrotermitis Dys—CH1T (HG315620)
Dysgonomonas capnocytophagoides JCM 166977 (U41355)
100 Dysgonomonas oryzarvi JCM 168597 (AB547446)
Dysgonomonas mossii CCUG 434577 (AJ319867)
Dysgonomonas hofstadii CCUG 54731T (FN356023)
Dysgonomonas gadei CCUG 42882T (Y18530)

Paludibacter propionicigenes JCM 132577 (AB078842.2)

Proteiniphilum acetatigenes JCM 128917 (AY742226)
Petrimonas sulfuriphila DSM 165477 (AY570690)

Parabacteroides johnsonii DSM 183157 (NR_041464)

Porphyromonas gingivalis ATCC 332777 (L16492)

Tannerella forsythia ATCC 430377 (AB035460)
Barnesiella viscericola DSM 181777 (AB267809)

—o0l

Odoribacter denticanis ATCC PTA-3625T (AY560020)
Butyricimonas synergistica JCM 15148T (AB443948)

Escherichia coli ATCC 117757 (X80725)

Fig. 1. A neighbour-joining tree based on 16S rRNA gene sequences showing the position of strain Dys—CH1T in the family
Porphyromonadaceae. Escherichia coli ATCC 11775" was used as the outgroup. GenBank accession numbers of the
sequences are given in parentheses. Numbers at branch nodes are bootstrap values (per 100 trials). Bar, 0.01 substitutions per

site.
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Features of strain Dys-CH1" in comparison with those of
species of the genus Dysgonomonas with validly published
names are summarized in Table 1. Strains of species of the
genus Dysgonomonas were mostly isolated from human
clinical specimens except a bioreactor of microbial fuel cell
inoculated with paddy field soil (Hofstad et al, 2000;
Kodama et al., 2012; Lawson et al., 2002, 2010). In addition
to 16S rRNA gene sequence and habitats, other distin-
guishing features include bile resistance, substrate utiliza-
tion patterns, fatty acid composition and susceptibility
to antimicrobial agents. Based on the physiological and
biochemical properties, phenotypic, chemotaxonomic and
genotypic characteristics described above, strain Dys-CH1"
represents as a novel species of the genus Dysgonomonas for
which the name Dysgonomonas macrotermitis sp. nov. is
proposed.

Description of Dysgonomonas macrotermitis
Sp. nov.

Dysgonomonas macrotermitis (ma.cro.ter’mi.tis. N.L. gen.
n. macrotermitis of the termite Macrothermes, where the
organism was first isolated).

Cells are Gram-stain-negative, non-motile, coccoid- to
short-rod-shaped. Colonies on modified GAM agar are 1-
2 mm in diameter, circular, milky white after incubation
for 48 h at 37 °C. Catalase-positive and oxidase-negative.
Facultatively anaerobic. The pH and temperature ranges
for growth are pH 5.0-9.0 and 20-40 °C (optimum at
pH 7.2 and 35-37 °C). No growth is detected below 15 °C
or above 42 °C. Growth is observed on nutrient agar around
X but not V discs, indicating a requirement for haem. Does
not grow in the presence of bile salts, indicating sensitivity to
bile. Glucose is fermented with production of acid but no
gas. ONPG positive. Negative for citrate utilization, H,S
production, arginine dihydrolase and indole production.
Aesculin is hydrolysed, but gelatin and urea are not. Nitrate
is not reduced to nitrite. Does not catalyse reaction of
acetonate to produce 3-hydroxyethyl ketone. Decarboxy-
lation reactions of arginine, lysine and ornithine are all
negative. Activity is detected for alkaline phosphatase,
butyrate esterase, acid phosphatase, phosphoamidase, o-
galactosidase, f-galactosidase, o-glucosidase, f-glucosidase
and N-acetyl-f-glucosaminidase. Caprylate esterase lipase,
myristate lipase, leucine arylamidase, valine arylamidase,
cystine arylamidases, trypsin, chymotrypsin, f-glucuroni-
dase, a-mannosidase, a-fucosidase and tryptophan deami-
nase are not produced. The following substrates are utilized
as sole carbon sources: glucose, mannitose, N-acetyl-f-
glucosaminidase, D-galactose, L-arabinose, D-xylose, cello-
biose, maltose, lactose, D-mannose, D-ribose, L-rhamnose,
fructose, melibiose, saligenin, methionine, L-cysteine, yeast
extract, birchwood xylan, beechwood xylan and starch. The
following substrates are not utilized as sole carbon sources:
trehalose, sucrose, sorbose, raffinose, D-sorbitol, D-manni-
tol, inositol, glycine, arginine, asparagine, leucine, lysine,
histidine, threonine, tryptophan, tyrosine, methanol, eth-
anol, 2-propanol, formate, acetate, citrate, gluconate,

decanoic acid, hexanedioic acid, malic acid, phenylacetic
acid, peptone (Sango Biotech), trypticase peptone, oatmeal
xylan, CM-cellulose and crystalline cellulose. Acids are
produced from glucose, rhamnose, melibiose, amygdalin
and arabinose. Major products of glucose fermentation are
acetate and lactic acid. Resistant to the following antibiotics:
levofloxacin hydrochloride, azithromycin, erythromycin,
chloramphenicol, thiamphenicol, penicillin G, ampicillin,
norfloxacin, clindamycin phosphate, spectinomycin and
gentamicin sulfate. The major whole-cell fatty acids are
anteiso-C;5. ¢, 150-Cy7.¢ 3-OH, Cj4.0, C17.0 3-OH and iso-
Cis.0 3-OH.

Strain Dys-CH1" (=JCM 19375"'=DSM 27370") was
isolated from the hindgut of a fungus-growing termite.
The genomic DNA G+C content of the type strain is
40.0 mol%.
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