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Abstract

A novel Gram-stain-positive, obligately anaerobic, spore-forming rod, designated strain ChDC B114", was isolated from
a human dental plaque of a gingivitis lesion. The strain was characterized by polyphasic taxonomic analysis to identify it
at the species level. The 16S ribosomal RNA gene (16S rDNA) sequence analysis revealed that the strain belongs to the
genus Lachnoanaerobaculum. The percent similarity of the 16S rDNA of the strain was closest to the homologous gene
sequence of Lachnoanaerobaculum orale N17 (98.5%) and Lachnoanaerobaculum saburreum CCUG 280897 (97.6%). The
major fatty acids of strain ChDC B114T were C,4 (30.7%), C,4.0 (17.7%), i50-C . (14.9%), and C,,., 20H (12.0%). The
draft genome of strain ChDC B114T was 3,097,953 bp in length. The G+C content of the strain was 35.9 mol %. Average
nucleotide identity values between strain ChDC B114T and L. orale N1 and L. saburreurn CCUG 28089" were 83.2% and
82.0%, respectively. Genome-to-genome distance values between strain ChDC B114" and L. orale N1 and L. saburreum
CCUG 28089" were 26.8% (24.5-29.3%) and 26.30% (24.0-28.8%), respectively. Based on these results, strain ChDC B1 147
(=KCOM 2030" =JCM 334527) should be classified as a novel species of genus Lachnoanaerobaculum, for which the name
Lachnoanaerobaculum gingivalis sp. nov. is proposed.

Introduction

Electronic Supplementary Material The online version of this
article (https://doi.org/10.1007/s00284-019-01747-z) contains
supplementary material, which is available to authorized users.

The genus Lachnoanaerobaculum is Gram-stain-positive,
obligately anaerobic, spore-forming rod and is composed of
Lachnoanaerobaculum orale, Lachnoanaerobaculum sabur-
reum (formerly, Eubacterium saburreum), and Lachnoan-
aerobaculum umeaense, which were isolated from the saliva
of a healthy young man, human dental plaque, and the small
intestinal biopsy from a child with coeliac disease, respec-
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tively [4]. E. saburreum was founded in the exposed pulp
space of primary endodontic infections [13]. We isolated
a strain, ChDC B1147, from the subgingival dental plaque
of a gingivitis lesion of a female (43 years old) in 2001 in
the Republic of Korea. According to polyphasic taxonomic
characterization, strain ChDC B114" represents a novel spe-
cies of the genus Lachnoanaerobaculum.
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Materials and Methods
Bacterial Strain and Culture Conditions

Strain ChDC B114T was grown on tryptic soy agar (TSA;
BD Difco Laboratories, Franklin Lakes, NJ, USA) plate sup-
plemented with 0.5% yeast extract, 0.05% cysteine HCI-H,0,
0.5 mg/ml hemin, and 2 pg/ml vitamin K, (TSA-YCHVk) at
37°C in an anaerobic chamber (Bactron I, Sheldon Manufac-
turing Inc., Cornelius, OR, USA) under 10% H,, 5% CO,,
and 85% N, [2]. The strain was cultured in Brucella broth
(BD Difco Laboratories) at 37°C for 5 days in anaerobic
conditions to enable detection of the spores.

Phylogenetic Analysis

The 16S ribosomal RNA gene (16S rDNA) of strain ChDC
B114" was cloned using PCR and the pPGEM-T Easy Vector
System and sequenced using the Sanger method as described
previously [7]. The 16S rDNA sequences of the type strains
of Lachnoanaerobaculum spp. were obtained from GenBank
(Fig. 1, Supplementary Table S1). Multiple sequences were
aligned using the CLUSTAL W algorithm, and sequence
similarities were calculated using the MegAlign program
(DNAStar Lasergene™ 8.0, DNAStar Inc., Madison, WI,
USA) [2]. The evolutionary distance was calculated accord-
ing to the Kimura two-parameter model [8], and phyloge-
netic trees were constructed using the neighbor-joining
method [12] in MEGA 6.06 software [14]. The stability of
the phylogenetic trees was assessed by the bootstrap analysis
of 1000 replicates [3].

Genome Sequence
Genomic DNAs of strain ChDC B114T and L. orale N1T

were prepared using the phenol-chloroform extraction
method as previously described [2].

42
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0.02

Fig. 1 Neighbor-joining phylogenetic tree based on 16S ribosomal
RNA gene (16S rDNA) sequences showing the relationships between
strain ChDC B114T and type strains of closely related species. Gen-
Bank accession number of 16S rDNA of each type strain is written
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Genomic DNAs of strain ChDC B114" and L. orale N1*
were sequenced using the Illumina Hiseq 2500 platform by
Macrogen Inc. (Seoul, Korea). In the case of strain ChDC
B1147T, three libraries of 350 bp paired-end, 5 kb mate-
pair, and 8 kb mate-pair were constructed and sequenced
which generated approximately 1848 Mb (596.7%) with
18,865,104 filtered subreads, 1188 Mb (383.4%) with
13,429,312 filtered subreads, and 841 Mb (271.6%) with
9,425,860 filtered subreads, respectively. In the case of
L. orale N17, two libraries of 350 bp paired-end and 5 kb
mate-pair were constructed and sequenced which gener-
ated approximately 2401 Mb (857.1x) with 24,571,586
filtered subreads and 1270 Mb (453.4x) with 14,588,138
filtered subreads, respectively. The de novo assembly was
performed by SPAdes (http://bioinf.spbau.ru/spades) [1].
All gaps among the scaffolds were filled by GapCloser
(http://soap.genomics.org.cn/soapdenovo.html) [10]. Error
correction was performed by Pilon (http://platanus.bio.
titech.ac.jp/platanus-assembler) [6]. Genome annotation
was conducted by the NCBI Prokaryotic Genome Anno-
tation Pipeline [15] through the NCBI Genome Submis-
sion Portal (GenomeSubmit at http://ncbi.nlm.nih.gov).
The GenBank accession numbers of the genome of strain
ChDC B114" and L. orale N1" were RRCO00000000 and
RRCMO00000000, respectively.

Whole Genome Comparison Assay

Average nucleotide identity (ANI) and genome-to-genome
distance (GGD) analyses were performed as previously
described [9, 11]. Whole genome sequences of type
strains for ANT and GGD analyses were downloaded from
the GenBank database (https://www.ncbi.nlm.nih.gov/
genome). The GenBank accession number of the whole
genome sequence of L. saburreumn CCUG 28089" was
AEPWO01000000.

Lachnoanaerobaculum umeaense CD3:227 (F1796700)

Lachnoanaerobaculum ginglivalis ChDC B114T (MK751703)
F Lachnoanaerobaculum saburreum CCUG 28089 (AB525414)

r 93— Lachnoanaerobaculum orale N1T (NR_118086)

Johnsonella ignava ATCC 512767 (X87152)

Catonella morbi ATCC 512717 (X87151)

in parenthesis. The stability of the trees was assessed by the bootstrap
analysis of 1000 replicates [3] using MEGA version 6.06 [14]. Bar
indicates 0.02 changes per nucleotide position
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Morphological and Physiological Characterization,
Biochemical Analysis, and Chemotaxonomic
Characteristics

Cell shape and size were investigated by scanning electron
microscopy (SEM) as described previously [2]. The pres-
ence of spores was investigated using malachite green stain-
ing described previously [4].

The optimal growth conditions of strain ChDC B114T
dependent on temperature, pH, and NaCl concentration were
investigated as described previously [2]. Briefly, growth
at different temperatures (25-45 °C at intervals of 5 and
37 °C) was determined on TSB-YCHVk agar medium for
3 days. Growth at various pHs (5-10 at intervals of 0.5) was
assessed on TSB-YCHVk agar medium at 37 °C for 3 days.
Growth at various NaCl concentrations was assessed on TP-
YCHVk agar medium containing 0, 1, 2, or 3% (w/v) NaCl
(pH 7 at 37°C) for 3 days.

API 32A and API 20A test strips (bioMerieux, Marcy-
I’Etoile, France) were used to analyze the enzyme activities
and sugar fermentation patterns of the strain ChDC B1147
according to the manufacturer’s instructions [5].

The cellular fatty acid compositions of strain ChDC
B114T were determined using the MIDI/Hewlett Packard
Microbial Identification System (MIDI, Microbial ID, New-
ark, DE, USA) by the Korean Culture Center of Microorgan-
isms (Seoul, Korea).

Results and Discussion

Phylogenetic analysis revealed that the strain ChDC B114T
belonged to the genus Lachnoanaerobaculum (Fig. 1). The
stability of the resulting tree was confirmed by the mini-
mum evolution and maximum likelihood methods (data
not shown). The 16S rDNA sequence of strain ChDC
B114" was most closely related to Lachnoanaerobacu-
lum orale N1T (98.5%) and Lachnoanaerobaculum sabur-
reun CCUG 28089T (97.6%). The draft genome size of
strain ChDC B114T was 3,097,953 bp, which was longer
than those of the other Lachnoanaerobaculum spp., L.
orale N1T (2,800,999 bp), L. saburreum CCUG 280897
(2,970,488 bp), and L. umeaense (2,705,257 bp). The DNA
G+C content of ChDC B114T was 35.9 mol % which was
derived from genome sequence. This was similar to val-
ues previously reported for Lachnoanaerobaculum species
(35.0-37.8 mol %) [4]. ANI values between strain ChDC
B114" and L. orale N1" and L. saburreum CCUG 28089",
and L. umeaense were 83.2% and 82.0%, respectively. GGD
values between strain ChDC B114" and L. orale N1T and L.
saburreum CCUG 28089" were 26.8% (24.5-29.3%) and
26.3% (24.0-28.8%), respectively. The 16S rDNA similar-
ity between strain ChDC B114" and L. saburreum CCUG

28089T was higher than that between strain ChDC B114T
and L. umeaense CD3:227, although GGD value between
strain ChDC B114T and L. saburreum CCUG 28089" was
lower than that between strain ChDC B114T and L. ume-
aense CD3:22". This was an unexpected result and the
reason should be revealed in future studies. These results
indicate that strain ChDC B114T represented a novel Lach-
noanaerobaculum species.

The major cellular fatty acids of strain ChDC B114T
were C4.9 (30.66%), C4.o (17.74%), 150-C g.¢ (14.94%),
and C,7,, 20H (12.01%) (Table 1). C,¢,, and C, ., were the
major cellular fatty acids of the analyzed strains of Lach-
noanaerobaculum spp., whereas iso-Cq., and C,;., 20H
were detected in strain ChDC B1147, but not detected in
the other Lachnoanaerobaculum spp. (Table 1). In contrast,
Cig.107c DMA and Cg.,,9c DMA were detected in the other
Lachnoanaerobaculum spp. but not in strain ChDC B1147.
Therefore, is0-C,q., and C;. 20H are marker cellular fatty
acids which discriminate the strain ChDC B114T from the
other species. The major fatty acids of ChDC B114T were
compared to those of type strains of Lachnoanaerobaculum
spp. and are shown in Table 1.

In the API 32A system, strain ChDC B114T had posi-
tive reactions for indole production and enzyme activi-
ties of a-galactosidase, p-galactosidase, a-glucosidase,
B-glucosidase, and pyroglutamic acid arylamidase (Table 2,
Supplementary Table S2). The strain was negative for the
other biochemical reactions (Table 2, Supplementary
Table S2). In API 20A system, strain ChDC B114T was
positive for indole production and esculin hydrolysis but was
negative for gelatin hydrolysis (Table 2 and Supplementary
Table S3). The strain was able to produce acid from p-glu-
cose, D-lactose, D-saccharose, b-maltose, b-xylose, glycerol,
D-mannose, D-melezitose, p-raffinose, and pD-trehalose but
not from the others tested in this study (Table 2, Supple-
mentary Table S3). The catalase reaction was negative for
strain ChDC B114". The discriminating characteristics of
biochemical tests are summarized in Table 2.

Spores were detected in strain ChDC B114T in Brucella
broth (BD Difco Laboratories) at 37°C for 5 days in anaero-
bic condition (Supplementary Fig S2).

According to the phylogenetic, morphological, physi-
ological, and chemotaxonomical data, strain ChDC B1 14T
represented a novel species of the genus Lachnoanaerobacu-
lum, for which the name Lachnoanaerobaculum gingivalis
is proposed.

Description of Lachnoanaerobaculum gingivalis sp.
nov

Lachnoanaerobaculum gingivalis [gin.gi.val’.is. L. n. gin-

giva, gum; L. fem. suff. -alis, suffix denoting pertaining to;
N.L. fem. adj. gingivalis, pertaining to the gums, gingival].

@ Springer
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Table 1 The cellular fatty acid compositions of strain ChDC B114T
and closely related type strains of Lachnoanaerobaculum spp

Table 2 Discriminating characteristics among the type strains of
Lachnoanaerobaculum spp

Characteristic Strain Characteristics Strain

1 2 3 4 1 2 3 4
12:0 0.5 - - - Urease + - - +
14:0 17.7 14 19 19 Indole production + - + +
14:0 aldehyde - 1 1 Hydrolysis of esculin + - - -
14:0 DMA - 2 4 3 Enzyme activities
15:0 20H 14 - - - B-Glucuronidase - + - +
15:1 ®8c 3.0 - - - Pyroglutamic acid arylamidase + - + +
15:1 iso H/13:0 30H 2.8 - - - a-Fucosidase w - + -
16:0 30.7 28 28 26 Acidification of
16:0 aldehyde - tr 1 1 L-Arabinose - + + -
16:1 w5c¢ 0.6 - - - p-Mannose + + - -
16:1 @9¢c 1.0 1 - - p-Raffinose + + - -
16:1 w7c 1.8 1 - - D-Xylose + + + -
16:1 ®7c DMA - 4 4 3 Glycerol + - - -
16:1 ®9¢c DMA - 1 1 1
170 0.6 B B B Strain: 1, Lachnoanaerobaculum gin§ivali5 ChDC B114"; 2, Lach-

noanaerobaculum umeaense CD3:22" [4]; 3, Lachnoanaerobaculum

17:0 20H 12.0 - - - saburreum CCUG 280897 [4]; 4, Lachnoanaerobaculum orale N1T
17:0 anteiso - tr 1 0 (4]
17:1 iso/16:0 DMA - 4 7 Symbols: +, positive; w, weakly positive; —, negative
17:1 ®8c 4.0 3 3 1
18:0 0.7 1 - 1
18:0 DMA - 1 2 3 at 0.5% NaCl. The type strain was positive for urease activ-
18:1 w7¢/18:1 wbe 32 - - - ity, indole formation, and esculin hydrolysis. It produced
18:1 @9¢ 1.3 2 0 1 acid from p-glucose, p-lactose, p-saccharose, p-maltose,
18:1 07c/012t/w9t - 5 0 tr D-xylose, glycerol, b-mannose, bD-melezitose, p-raffinose,
18:1 7¢ DMA - 16 12 8 and p-trehalose. Major cellular fatty acids of the type strain
18:1 @9¢c DMA - 9 8 7 were Ci4.0, Ci4.0, 180-C 9.9, and C7., 20H. The DNA G+C
18:2 ©6,9¢/18:0 anteiso tr 1 3 content of type strain was 35.9 mol %.
18:2 DMA - 3 3 3 The type strain ChDC B114T (= KCOM 2030T=JCM
19:0 10-Methyl - - 3 5 33452") was isolated from the subgingival dental plaque of
19:0 cycloo w8c DMA - - 1 4 a gingivitis lesion from a female (43 years old) in 2001 in
19:0 iso 14.9 - - - the Republic of Korea.

Values are expressed as percentages of fatty acids. Strain: 1, Lach-
noanaerobaculum gingivalis ChDC B114"; 2, Lachnoanaerobaculum
umeaense CD3:22T [41; 3, Lachnoanaerobaculum saburreum CCUG
28089 [4]; 4, Lachnoanaerobaculum orale N1T [4]

Symbol: —, not detected; tr, trace amount (<0.5%). Bold is the major
fatty acid components of each strain

Colonies were circular shaped with undulate margin,
shiny and transparent and spread to a diameter of approxi-
mately 1.26 +0.24 mm on TSA-YCHVk agar at 37°C after
2 days. Cells were Gram-stain-positive, obligately anaerobic,
spore-forming, and long rod-shaped bacterium with a typical
cell size of 10.32 +6.62 pm in length and 0.62 +0.07 pm in
diameter. The temperature range for growth was 30-37 °C,
and the optimal temperature was 35-37 °C. The pH range
for growth was 5.5-9.5 (optimum 6.5). Growth occurred in
the presence of 0-0.5% (w/v) NaCl with optimum growth
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