INTERNATIONAL JOURNAL OF RESEARCH ARTICLE 'ﬁ gﬂgg%BlOLOGY
SYSTEMATIC AND EVOLUTIONARY Byun et al., Int. J. Syst. Evol. Microbiol. 2023;73:006187

MICROBIOLOGY DOI 10.1099/ijsem.0.006187 a5
RE€cess

Parabacteroides leei sp. nov., isolated from human blood

Jung-Hyun Byun', Hae Weon Cho?3, Hyukmin Lee?, Woo-Kon Lee* and Dongeun Yong?*

Abstract

An obligate anaerobic, Gram-negative, rod-shaped and non-spore-forming bacterium, designated as strain GYB001", was iso-
lated from the blood of a patient with a sigmoid colon perforation. Taxonomic characterization of the novel isolate was per-
formed using a polyphasic approach. A phylogenetic analysis based on 16S rRNA gene and whole genome sequences revealed
that GYBO01" represented a member of the genus Parabacteroides, in the family Tannerellaceae. The closest species, based on
16S rRNA sequence, was Parabacteroides gordonii DSM 233717 with 97.4% similarity. Average nucleotide identity and digital
DNA-DNA hybridization values between strain GYBO01" and P. gordonii DSM 233717 were 86.7 and 28.7% and between GYB0O1"
and Parabacteroides faecis JCM 18682" were 86.6 and 27.7%, respectively. The genome was 6.57 Mbp long with 43.3mol% G+C
content. Colonies on Brucella blood agar (BBA) were circular, convex, smooth, grey and small in size. Growth was observed
on trypticase soy agar (TSA), TSA +5% sheep blood and Euglena gracilis agar. Growth occurred at 18-42°C on BBA in the
presence of 0-3% NaCl (w/v) and at pH 6.0-8.5. The major polar lipids were phosphatidylethanolamine and phospholipids.
The major fatty acids in strain GYBO01™ were anteiso-C,,  and iso-C,, ; 3-OH, and the predominant respiratory quinones were
menaquinone-10 (MK-10) and MK-9. The cell wall contained meso-diaminopimelic acid. Considering these phenotypic fea-
tures and comparative genome analyses, we propose strain GYB001T as the type strain of Parabacteroides leei sp. nov. (=KCTC
25738"=KBN12P06525"=LMG 32797").

INTRODUCTION

The genus Parabacteroides was proposed with the reclassification of three Bacteroides species [1]. At the time of writing this
paper, 11 species have been designated with validly published names in Parabacteroides, including Parabacteroides distasonis
[1, 2], Parabacteroides goldsteinii [3], Parabacteroides merdae [1], Parabacteroides johnsonii [4], Parabacteroides gordonii [5],
Parabacteroides chartae 6], Parabacteroides chinchilla [7], Parabacteroides faecis [8], Parabacteroides chongii [9], Parabacteroides
acidifaciens [10] and the most recently reported Parabacteroides hominis [11]. The members of Parabacteroides are isolated from
human clinical specimen including stool, and considered as members of the gut microbiota.

Members of the genus Parabacteroides are obligate anaerobic, non-motile, non-sporulating and Gram-negative rods. Members
of this genus are mainly isolated from human faeces and other clinical specimens, such as peritoneal fluids and intra-
abdominal abscess fluid [3, 11]. Chemotaxonomically, the predominant respiratory quinones of Parabacteroides include
menaquinone-9 (MK-9) and MK-10, and the major fatty acids are iso-C  3-OH and iso-C,,  [1, 3, 4, 6-10]. The G+C
content ranges from 37.2 to 47.6 mol%. Here, we report the isolation of a novel bacterial strain GYB001" of Parabacteroides
from the blood specimen of a patient with a sigmoid colon perforation. The chemotaxonomic, phenotypic and genomic
traits were investigated. The outcomes of these analyses indicate that the strain GYB001" should be considered as the type

strain of a new Parabacteroides species.
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STRAIN ISOLATION

A novel species belonging to the genus Parabacteroides was isolated from the blood of an 83-year-old Korean female patient with
a sigmoid colon perforation. Strain GYB001" was detected in an anaerobic blood culture bottle, FN, using a BacT/Alert Virtuo
instrument (bioMérieux) and subcultured on Brucella blood agar (BBA). The plates were incubated in an anaerobic chamber at
35°C. After 24h of incubation, the colonies were found to be non-haemolytic, circular, convex, small in size (diameter, 1 mm)
and grey in colour. For further study, the isolate was purified via repeated subculture on BBA in an anaerobic chamber at 35°C
and stored in 20% skim milk at =70°C.

PHENOTYPIC AND BIOCHEMICAL CHARACTERISTICS

Gram staining was performed as described previously [12]. Catalase activity was determined based on the production of effer-
vescence after addition of 3% (v/v) hydrogen peroxide. Cell size, shape and flagella were determined using a Libra 120(120 kV)
transmission electron microscope (Carl Zeiss) and a Nikon light microscope (x1000 magnification) after culturing cells for 2
days at 35°C on BBA. Cell motility was assessed using Brucella broth supplemented with 0.2% agar [13].

The growth of strain GYB001” was evaluated at different temperatures, pH, sodium chloride (NaCl) concentration and media,
including Reasoner’s 2A agar, nutrient agar, trypticase soy agar (TSA), TSA +5% sheep blood, Luria-Bertani agar, de Man-Rogosa-
Sharpe agar and Euglena gracilis (EG) agar (all from BD Difco). Growth was assessed using measurements or colony-forming
units after 7 days of incubation at 4C, 10, 18, 25, 30, 37, 42, 45 and 50°C. Growth at various pH values (pH 4-10 at intervals of
0.5 pH units) was monitored after 7 days of incubation at 37°C. The following three buffers at 20 mM final concentration were
used to adjust the pH of the Brucella broth: acetate buffer for pH 4.0-5.5, phosphate buffer for pH 6.0-8.0 and Tris buffer for pH
8.5-10.0. Salt tolerance was tested in Brucella blood broth, which was made with casein peptone, meat peptone, yeast extract
(BD Difco), dextrose (Samchun Chemicals) and sodium bisulfite (Sigma-Aldrich), where the concentration of NaCl was adjusted
from 1-10.0% (w/v at intervals of 1% unit). The bile tolerance test was performed using BBA containing 20% bile.

Biochemical reactions were tested using the API 20A kit (bioMérieux) and Rapid ID 32A kit (bioMérieux) according to the
manufacturer’s instructions. The differences in phenotypic and biochemical characteristics between strain GYB001" and related
species in the genus Parabacteroides are listed in Table 1.

CHEMOTAXONOMIC ANALYSIS

Cellular fatty acid profiles were determined for strains cultured on BBA for 2 days at 35°C. Cellular fatty acids were saponified,
methylated and extracted according to the Sherlock Microbial Identification System protocol. The fatty acid methyl esters were
identified according to the standard protocol of the Sherlock Microbial Identification System version 6.01 (MIS, database TSBAG6,
MmIDI Inc.) [14]. Isoprenoid quinones were extracted from cells grown on BBA for 2 days using chloroform-methanol (2:1, v/v),
evaporated under vacuum conditions, and extracted again in n-hexane-water (1:1, v/v). The crude n-hexane-quinone solution
was purified using Sep-Pak Vac silica cartridges (Waters) and then analysed via high-performance liquid chromatography, as
previously described [15]. Polar lipids were extracted from freeze-dried cells, examined using two-dimensional thin-layer chro-
matography (TLC) and identified as previously described [16]. Diaminopimelic acid content was analysed using two-dimensional
TLC [17]. The fatty acid profiles of strain GYB001" and the reference strains are presented in Table S1 (available in the online
version of this article). The major cellular fatty acids were anteiso-C .  (46.7%), iso-C,,  3-OH (10.7%), C,, , @9c (8.4%) and
C,,., 3-OH (8.4%). Also, C,.  2-OH (6.1%), iso-C . (5.1%) C  3- OH (1.4%) and summed feature 5 (2.4%) were identified.

Comparative fatty acid profiles of the strain and other species of the genus Parabacteroides indicated that strain GYB001” could be
differentiated from closely related species based on the relatively higher amounts of anteiso-C,,  and C . w9c. Strain GYB001" had
alower amount of iso-C,,  3-OH than that in other Parabacteroides species. The predommant resplratory quinones were identi-
fied as menaquinones MK-10 and MK-9. The polar lipids detected were phosphatidylethanolamine, unknown phospholipids,
unknown aminophospholipids, unknown glycolipids (glycolipid) and unknown lipids (Fig. S1, available in the online version of
this article). The cell wall contained meso-diaminopimelic acid.

PHYLOGENETIC ANALYSIS

Genomic DNA was extracted using the commercial FastDNA Soil Kit (MP Biomedicals). The 16S rRNA gene was amplified with
two universal primers, 27F (5-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-GGGTTACCTTGTTACGACTT-3'). Then,
purified PCR products were sequenced using universal primers 785F (5'-GGATTAGATACCCTGGTA-3') and 907R (5'-CCGT-
CAATTCCTTTRAGTTT-3"). The sequence of the 16S rRNA gene (1454 bp, GenBank accession no. ON362233) was determined
using the ABI PRISM 3730XL Analyzer (Macrogen, Seoul, Republic of Korea). The sequence was compared with the 16S rRNA
gene sequences of related taxa obtained from EzBioCloud (www.ezbiocloud.net/identify) database and showed highest sequence
similarity to P. gordonii strain DSM 23371" with 97.4% similarity and P. chongii strain KACC 19034" with 97.2% similarity.
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Table 1. Characteristics of strain GYBO01" and other Parabacteroides type strains

Strains: 1, GYBOO1"; 2, Parabacteroides gordonii JCM 15724"; 3, Parabacteroides goldsteinii JCM 13446"; 4, Parabacteroides chongii B3181T; 5,
Parabacteroides faecis JCM 186827; 6, Parabacteroides merdae NCTC 13052"; 7, Parabacteroides johnsonii DSM 18315"; 8, Parabacteroides acidifaciens
NBRC 113433"; 9, Parabacteroides chinchillae DSM 29073"; 10, Parabacteroides distasonis ATCC 8503"; 11, Parabacteroides chartae DSM 24967, All
the strains were positive for aesculin hydrolysis, N-acetyl-f-glucosaminidase, leucine arylamidase, glutamyl glutamic acid arylamidase, and acid
production from lactose, sucrose, mannose and raffinose. All strains were negative for indole production, urease and gelatin hydrolysis. +, Positive;
-, negative; ND, no data. The results for strains 1, 2, 3, 4, and 5 were from this study while other data were taken from previous studies [1, 4, 6, 7, 10].

Characteristic 1 2 3 4 5 6 7 8 9 10 11
Temperature for growth:
Range 18-42 20-40 18-40 20-40 25-40 25-45 ND 20-45 ND 20-40 10-40
Optimum 37 37 37 37 37 30-37 37 37-40 37 37 35-37
pH for growth:
Range 6.0-8.5 4.5-8.5 5.5-9.0 5.5-8.5 4.5-9.0 5.5-8.0 ND 6-10 ND 5.5-8.0 5.5-8.5
Optimum 7.0 7.0-7.5 7.0-7.5 7.0 7.0-7.5 ND ND 6.0-8.0 ND ND 7.0-7.5
NaCl for growth (%):
Range 0-3 0-3 0-5 0-2 0-3 0-4 ND 0-2.5 ND 0-2 0-2
Optimum 0-1 0 0-1 0-1 1 0.5-1.0 ND ND ND 0.5 0
Catalase + + + + + - + - - + -
Acid production from:
D-Glucose - + - + + + + + + + +
D-Mannitol + - - + + - - + — _ +
Maltose + + + + + + + + + ND +
Salicin - - - - - - - - — + _
D-Xylose + + + + + + + + - + +
L-Arabinose - + - + - - + + _ _ +
Glycerol - - - - - - - + — _ _
Cellobiose + - - - + - - + - + +
Melezitose - - - - + - - - _ + +
D-Sorbitol - - - - - - - - _ _ +
L-Rhamnose - - - - + - + + - + _
Trehalose + - + - + + + + - + +
Gelatin hydrolysis - - - - - - - - - - -
Arginine dihydolase - - - - - ND - - - ND ND
a-Galactosidase + + + + + + + + - + +
p-Galactosidase + + + + + + + + - + +
p-Galactosidase-6-phosphate + - + + + + - - - + -
a-Glucosidase + - + + + + + + + + +
p-Glucosidase + - + + + + - - + + +
a-Arabinosidase + + - - + + + + - + -
f-Glucuronidase - - + + - + + + - - -
Glutamic acid decarboxylase - - - + + + + + + + -
a-Fucosidase - - - + - - - + 4 _ +

Continued
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Table 1. Continued

Characteristic 1 2 3 4 5 6 7 8 9 10 11
Alkaline phosphatase + - - + + + + + + + +
Arginine arylamidase + + + + + + + + + + ND
Proline arylamidase + + + + - ND - - - - ND
Leucyl glycine arylamidase + + + + + + + + + + ND
Phenylalanine arylamidase + + + + + + + + + + -
Pyroglutamic acid arylamidase + + + + - + - - - - _
Tyrosine arylamidase + + + + + + + + + + -
Alanine arylamidase + + + + + + + + + + ND
Glycine arylamidase + + + + + + + + - + -
Histidine arylamidase + + + + + + + + + + -
Serine arylamidase + + + + + + + + + + -
DNA G+C content (mol%) 43.3 44.6 43 42.3 41.8 44 47.6 45.9 42.8 44 37.2

Phylogenetic analysis based on 16S rRNA gene sequences was performed using MEGA version 7.0 [18, 19] via the neighbour-
joining (NJ) [20], maximum-likelihood (ML) [21] and maximum-parsimony (MP) [22] methods. An NJ tree was generated using
Kimura’s two-parameter method [23]. Branching patterns of the trees were evaluated by bootstrapping with 1000 replicates [21].
The bootstrap consensus trees resulting from the ML and MP methods supported the NJ tree (Fig. S2). Based on phylogenetic
analysis, strain GYB0O1" was closely related to and was considered a member of the genus Parabacteroides.

Genome-based identification was performed. Whole-genome sequencing was performed at ChunLab Inc. (Seoul, Republic of
Korea) using an Illumina MiSeq system and a 300 bp paired-end reads sequencing kit (MiSeq Reagent Kit version 3; Illumina).
Obtained raw data (GenBank accession no. NZ_JAMBQG000000000.1) were uploaded to the TrueBac ID cloud system (www.
truebacid.com) and analysed using the TrueBac ID-Genome system (version 1.93). The N50 value of the genome was 270349 bp.
The G+C content of strain GYB001" was 43.3 mol%, which is in the range reported for members of the genus Parabacteroides.
Average nucleotide identity (ANT) values were 86.7 and 86.6% between the strains GYB001" and P. gordonii DSM 23371" and
between the strains GYB001" and P, faecis JCM 186827, respectively. The genome sequences of the strain GYB001" and Parabac-
teroides species were obtained using the TrueBac ID genome system and are listed in Table S2. DNA-DNA hybridization (DDH)
was calculated using GGDC 3.0 [24]. DDH values of the genome were 28.7 and 27.7% between strains GYB001" and P. gordonii
DSM 233717 and between GYB001" and P. faecis JCM 186827, respectively. The ANI and digital DDH (dDDH) values between
GYBO001" and 11 Parabacteroides species were 83.61-86.77% and 18.2-28.7%, respectively (Table S2). These values are significantly
lower than the accepted threshold values for delineating prokaryotic species using ANI (94-96%) and dDDH (70%) [25, 26]. The
ANI comparison was used to generate a set of whole genome phylogenetic trees from both alignment percentage (AP) and ANI
calculations using Unweighted Pair Group Method with Arithmetic Mean (UPGMA) and (N] using CLC Genomics Workbench
version 22 (Qiagen). The phylogenetic tree based on whole-genome sequences showed that GYB001" clustered with P. gordonii
DSM 233717, P. goldsteinii DSM 19448, P hominis KCTC 251297, P. chongii KACC 19034 and P, faecis JCM 18682" (Fig. 1).
Only the tree generated using ANI and the UPGMA method is shown here as the result of the genome-based phylogenetic tree
reconstruction is the same as that using either AP or ANL

Genome annotations of the strain based on Rapid Annotation using Subsystem Technology are presented in Table S3 [27].

DESCRIPTION OF PARABACTEROIDES LEEI SP. NOV.

Parabacteroides leei (le€’i. N.L. gen. n. leei, named in honour of the Korean clinical microbiologist Kyungwon Lee).

Cells are Gram-negative, obligate anaerobic, non-motile and non-spore forming rods (2.1-4.7 um long and 0.4-1.5 um in diam-
eter) (Fig. S3). Colonies on BBA plates after 24 h of incubation at 35°C under anaerobic conditions are 1 mm in diameter, grey,
circular and convex. Catalase test is positive. Cells grow at 18-42°C (optimum, 37°C), at pH 6.0-8.5 (optimum, pH 7.0) and
with 0-3.0% (w/v) NaCl (optimum, 0-1.0%) (Table 1). Growth occurs on TSA, TSA+5% sheep blood, EG agar and medium
containing 20% (w/v) bile. Aesculin is hydrolysed and gelatin is not digested based on the API 20A system. Acid is produced from
D-mannitol, lactose, sucrose, maltose, D-xylose, cellobiose, D-mannose, raffinose and trehalose, but not from p-glucose, salicin,
L-arabinose, glycerol, melezitose, D-sorbitol or L-rhamnose based on the API 20A kit. Positive reactions are obtained using the
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Bacteroides fragilis ASM5T0665v1T GCA 016889925.1
faecis JCM 186827 GCA 0034791451
chongii KACC 19034 GCA 029581355.1

goldsteinii DSM 19448 GCA 0009698351

gordonii DSM 233717 GCA 000969825.1
ides leei GYBOOI GCAT 023369805.1

— merdae NCTC 130527 GCA 900445495.1

johnsonii DSM 18315 GCA 000156495.1

hominis ASM 1428758v1T GCA 014287585.1

acidifaciens NBRC113433 T GCA 003363715.1

chinchillae DSM 29073 T GCA 900108035.1

Parabacteroides distasonis ATCC 85037 GCA 0000128451

Parabacteroides chartae DSM 249677 GCA 900168155.1

Tannerella forsythia ASM23821v1" GCA 000238215.1

Fig. 1. Genome-based phylogenetic tree reconstruction (ANl UPGMA) showing the phylogenetic relationships between strain GYB001" and related
species. The scale bar indicates the difference (%) of ANI values among strains. The accession numbers are shown.

Rapid ID system 32A for a- and -galactosidase, f-galactosidase-6-phosphate, a- and f-glucosidases, a-arabinosidase, N-acetyl-
p-glucosaminidase, alkaline phosphatase, arginine arylamidase, proline arylamidase, leucyl glycine arylamidase, phenylalanine
arylamidase, leucine arylamidase, pyroglutamic acid arylamidase, tyrosine arylamidase, alanine arylamidase, glycine arylamidase,
histidine arylamidase, glutamyl glutamic acid arylamidase, and serine arylamidase. Negative reactions are obtained using the
Rapid ID 32A system for urease, arginine dihydolase, f-glucuronidase, glutamic acid decarboxylase, a-fucosidase, nitrate reduc-
tion and indole production. The major cellular fatty acids are anteiso-C,_  and iso-C 3-OH. The polar lipids detected include
phosphatidylethanolamine, unknown phospholipids, unknown aminophospholipids, unknown glycolipids and unknown lipids.
The predominant respiratory quinones are menaquinones MK-10 and MK-9, consistent with the description of the quinone
composition of the genus Parabacteroides [1]. Meso-diaminopimelic acid is detected in the cell wall. The genomic DNA G+C
content of the type strain is 43.3 mol%.

The type strain, GYB001" (=KCTC 25738"=KBN12P06525 "=LMG 32797"), was isolated from the blood sample of a patient
with a colon perforation. The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene and whole-genome sequences
of strain GYB001" are ON362233 and JAMBQG000000000, respectively.
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