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Abstract: Three Gram-negative strains, SJOD-M-6T, SJOD-M-5, and SJOD-M-33, were isolated from
Ostrea denselamellosa. These strains are oxidase- and catalase-positive coccoids that thrive aerobi-
cally. The three strains shared 100.0% 16S rRNA gene sequence similarity and showed average
nucleotide identity (ANI) and digital DNA-DNA hybridization (dDDH) values of 99.7-99.8% and
93.8-96.8%, suggesting that they belonged to the same species. Phylogenetic analysis based on the
16S rRNA gene revealed that all three isolates belong to the genus Poseidonibacter. Their closest
neighbors were Poseidonibacter parous LPB0137" (98.8%), Poseidonibacter antarcticus SM1702T (98.7%),
and Poseidonibacter lekithochrous LFT 1.7T (95.5%). However, the ANI and dDDH values between
SJOD-M-67 (the representative strain of the novel species) and its closest phylogenetic relatives fell
well below the established cut-off values of <95% (ANI) and <70% (dDDH) for species delineation.
Furthermore, several phenotypic traits distinguish the novel strains from their closest relatives. Based
on the combined genotypic and phenotypic data, strains SJOD-M-6", SJOD-M-5, and SJOD-M-33
are classified as novel species within the genus Poseidonibacter. We propose the name Poseidonibacter
ostreae sp. nov. for this novel species, with the type strain being SJOD-M-6T (=KCTC 72758T = NBRC
114334T = FBCC-B685).
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1. Introduction

The genus Poseidonibacter, classified under the class Epsilonproteobacteria, was initially
proposed by Diéguez et al. [1] with Poseidonibacter lekithochrous as the type species. As of
June 2023, three species with validly published names have been identified, originating
from various environmental niches. These species include P. lekithochrous LFT 1.77, isolated
from a molluscan hatchery in Norway [1,2]; P. antarcticus SM17027, isolated from Antarctic
intertidal sediment [3]; and P. parvus LPB01377, isolated from a squid [4]. Members of
the Poseidonibacter genus are characterized as Gram-stain-negative, oxidase- and catalase-
positive, aerobic, and exhibit a rod or coccoid shape. The predominant fatty acids in these
bacteria are summed feature 3 (Cy4.1 w7c and/or Cq¢.1 w6c) and summed feature 8 (Cig.q
w7c and/or Cyg1 wéc). Common polar lipids include phosphatidylethanolamine and
phosphatidylglycerol, while the major respiratory quinone is menaquinone MK-6.

The estuary of the Seomjin River, where Ostrea denselamellosa was collected, functions
as a transition zone between river and marine environments, supporting a diverse mix
of organisms adapted to freshwater, seawater, and brackish water. These ecosystems
benefit from terrestrial nutrient abundance, promoting the thriving reproduction of phy-
toplankton and salt marsh organisms, thereby increasing productivity [5]. Consequently,
microorganisms present in these environments are expected to exhibit various physiological
activities [6]. During a study to screen symbiotic microorganisms from oyster samples,
three strains designated SJOD-M-6T, SJOD-M-5, and SJOD-M-33 were isolated from the gut
of Ostrea denselamellosa. Further polyphasic characterization of the new isolate confirms its
classification as a novel species within the Poseidonibacter genus.
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2. Material and Methods
2.1. Isolation and Ecology

A sample was collected from the gut of Ostrea denselamellosa in the Seomjin River,
located in the Republic of Korea (35°0'26.3" N, 127°47'11.7" E) in March 2019. The Seomjin
River is characterized by a natural mixture of seawater and freshwater, providing a diverse
habitat for various species. In the river, O. denselamellosa can be found inhabiting rocks,
gravel, sandy mud, or mud bottoms at depths ranging from 3 to 10 m [7,8].

The bacterial strains SJOD-M-6T, SJOD-M-5, and SJOD-M-33 were isolated from the
collected sample using the standard dilution plating method on marine agar 2216 medium
(MA; BD). The isolates were then incubated at temperatures of 20-25 °C for 3-7 days. Pure
cultures of the isolates were maintained on MA at 25 °C for three days and preserved in
glycerol suspensions (20% in distilled marine broth, w/v) at —80 °C. Strain SJOD-M-6T,
representing the novel strain, was deposited at the Korean Collection for Type Culture
(KCTC), the NITE Biological Resource Center (NBRC), and the Freshwater Bioresources
Culture Collection (FBCC) under the accession numbers KCTC 727587, NBRC 1143347, and
FBCC-B685, respectively, for further systematic research. For physiological and chemotaxo-
nomic comparison between strain SJOD-M-6" and the type strains of closely related species
P. lekithochrous DSM 100870", P. antarcticus KCTC 62796", and P. parous KACC 188887,
reference strains were obtained from the Deutsche Sammlung von Mikroorganismen und
Zellkulturen (DSMZ), the Korean Collection for Type Culture (KCTC), and the Korean
Agricultural Culture Collection (KACC).

2.2. 16S rRNA Phylogeny

For the 16S rRNA sequence analysis, genomic DNA of strains SJOD-M-6!, SJOD-M-
5, and SJOD-M-33 was extracted using the DNeasy Blood and Tissue kit (Qiagen, Hul-
sterweg, The Netherlands), following the manufacturer’s instructions. The 165 rRNA
gene sequencing was performed using two pairs of forward and reverse primers (27F,
5-AGAGTTTGATCCTGGCTCAG-3/, and 1492R, 5'-GGTTACCTTGTTACGACTT-3') [9].
PCR parameters included an initial denaturation at 94 °C for 5 min, followed by 25 cycles
of denaturation at 94 °C for 30 s, annealing at 56 °C for 1 min, and extension at 72 °C for
1 min 30 s, with a final extension step at 72 °C for 5 min. Sequencing was performed in a
core facility using a BigDyeTM terminator v.3.1 cycle sequencing kit and an ABI 3730 DNA
analyzer (Applied Biosystems, Waltham, MA, USA). The amplified gene fragments were
subjected to Sanger sequencing using four primers: 27F, 518F, 907R, and 1492R.

The obtained 16S rRNA gene sequences were compared to sequences of bacterial species
with validly published names, available in the EzBioCloud database (www.ezbiocloud.net/
eztaxon (accessed on 7 July 2023)) [10]. Multiple sequence alignments were performed
using the EzEditor software version 6.1 [11]. Phylogenetic trees were constructed using
the neighbor-joining (NJ) [12], maximum-likelihood (ML) [13], and maximum-parsimony
(MP) [14] methods implemented in MEGA 7.0 software [15]. Bootstrap values were calcu-
lated based on 1000 replicates [16], and the evolutionary distances were determined using
the Kimura two-parameter method [17].

2.3. Genome Features

For genome sequencing, microbial DNA was prepared using either the protocol
published by the Joint Genome Institute (JGI) [18] or DNeasy Blood and Tissue kits (Qiagen).
The whole-genome sequencing and analysis were performed following the proposed
minimal standards [19]. The genome sequences of strains SJOD-M-6T, SJOD-M-5, and
SJOD-M-33 were obtained using the NovaSeq 6000 system from Illumina at DNALink
in Seoul, Republic of Korea. De novo assembly of the genome sequences was achieved
using the Unicycler assembler [20]. The resulting contigs were annotated using the Rapid
Annotation using the Subsystem Technology (RAST) server v.2.0 [21] and using the NCBI
prokaryotic genome annotation pipeline [22]. To check for potential contamination in the
genome assemblies, the Contamination Estimator by 16S (ContEst165) tool [23] was used.
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The biosynthetic gene clusters (BGCs) of strain SJOD-M-6' were predicted and annotated
using AntiSMASH v.7.0 [24]. Functional categorization of genes based on Clusters of
Orthologous Group (COG) was performed by searching the KEGG (Kyoto Encyclopedia of
Genes and Genomes) database [25]. Additionally, a genome map of strain SJOD-M-6! was
generated using the EzBiCloud Server. The DNA G + C content of strain SJOD-M-6! was
determined based on the whole genome sequence.

For comparative genomics, the genome sequences of related type strains of the
genus Poseidonibacter were selected from the EzBioCloud genome database and NCBI
genome database: Poseidonibacter parvus LPB0137T (GCA_001956695), Poseidonibacter antarcticus
SM1702T (GCA_003667345), and Poseidonibacter lekithochrous DSM 100870T (GCA_013283835).
To assess the genomic relatedness between strains SJOD-M-6T, SJOD-M-5, and SJOD-M-33
and the reference genomes of P. parvus LPB01377T, P. antarcticus SM1702T, and P. lekithochrous
LMG 286527, the ANIT was calculated using the OrthoANT algorithm available on the EzBio-
Cloud service [26]. Additionally, dDDH values were determined using the genome-to-
genome distance calculator (GGDC) version 2.1 [27]. The Venn diagram and dendrogram
were constructed using CLgenomics™ software version 6.1 based on gene content (pres-
ence or absence) and Pan-genome Orthologous Groups (POGs), respectively. To infer
a genome-based phylogenetic tree, the universal core gene set was extracted using the
up-to-date bacterial core gene set (UBCG) pipeline [28] and subjected to FastTree [29] to
reconstruct a phylogenetic tree based on amino acid alignment.

2.4. Morphological, Physiological, and Biochemical Characterization

The morphology of cells was observed after cultivation on MA plates at 25 °C for
5 days. Cellular morphology, cell size, and flagellation were observed using phase contrast
microscopy (Axio Imager A2; Carl Zeiss, Jena, Germany) and transmission electron mi-
croscopy (TEM) (CM200; Philips, Amsterdam, Netherlands). Specimen for TEM analysis
was prepared by mounting negatively stained cells with 2.0% (w/v) uranyl acetate on a
carbon-coated copper grid. Gram reaction was determined using the Gram staining kit
(bioMérieux, Marcy-1'Etoile, France) according to the manufacturer’s instructions. Oxi-
dase and catalase activities were measured using an oxidase reagent (bioMérieux) and
3% (v/v) HyO,. The temperature range and optimum for growth were determined in MA
at temperatures ranging from 4 to 45 °C (4, 10, 15, 20, 25, 30, 35, 37, 40, and 45 °C). To
determine the pH range and optimum, the strains were maintained in an artificial seawater
medium (ASW; basic formula, with NaCl, containing the following, L1:19.45 gNaCl,59¢
MgCl,-6H0, 3.24 g MgSO,4-7H,0, 1.8 g CaCl,-2H,0, 0.55 g KCl, 0.16 g NaHCO3, 0.08 g
KBr, 0.034 g SrCl,-6H,0, 0.022 g H3BO3, 0.008 g NayHyPOy, 0.004 g NaySiO3, 0.0024 g NaF,
0.0016 g KNO3), described by Choo et al. [30], supplemented with 0.5% peptone and 0.1%
yeast extract at different pH ranging from 5.0 to 10.0 (at intervals of 1.0 pH units). The
buffers MES (pH 5.0-6.0), MOPS (pH 6.5-7.0), HEPES (pH 7.5-8.0), Tris (pH 8.5-9.0), and
CHES (pH 9.5-10.0) were used at a final concentration of 0.05 M to maintain the pH. The
requirement and tolerance to NaCl were determined by culturing the strains in NaCl-free
ASW containing 0.5% peptone and 0.1% yeast extract, with different concentrations of NaCl
(0-5% of NaCl at intervals of 0.5%; 5.0-15.0% of NaCl at intervals of 2.5%) [31]. Every day
for up to 5 days, the turbidity increase in each culture was measured using a spectropho-
tometer (Optizen 2120UV; Mechasis, Ankara, Tiirkiye). Production of H,S was investigated
using triple sugar iron agar (BD) supplemented with 2.0% NaCl. Hydrolysis of Tweens
20, 40, 60, and 80 (each 1.0%, v/v) was tested on MA supplemented with each component
according to the method described in Smibert and Krieg [32]. Hydrolysis of casein (10%
skimmed milk, w/v) and starch (1%, w/v) was determined based on the formation of clear
zones around colonies after applying the suitable staining solutions [33]. The degradation
of DNA was evaluated using DNase test agar (BD). According to the manufacturer’s man-
uals, other biochemical tests and carbon source utilization tests were performed using API
20NE, API ZYM (BioMérieux), and GN2 microplates (Biolog, Hayward, CA, USA).
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2.5. Chemotaxonomic Characterization

Strains SJOD-M-6T, SJOD-M-5, SJOD-M-33, and related genus Poseidonibacter type
strains were cultivated on MA at 25 °C to exponential phases, and cells are harvested for
chemotaxonomic comparisons. Fatty acid methyl ester (FAME) analysis was performed
using a Microbial Identification System (Microbial ID; MIDI) according to the manufac-
turer’s instructions. FAME extracts were analyzed by a GC (Agilent 6890) and identified
by comparing fatty-acid profiles with the TSBA 6 database provided with the Sherlock
Software version 6.1 [34]. Respiratory quinones were extracted from freeze-dried cells using
chloroform/methanol (2:1, v/v) and analyzed using high-performance liquid chromatogra-
phy (HPLC; Younglin, Anyang-City, Republic of Korea) equipped with a Spherisorb 5 pm
ODS2 4.6 mm x 250 mm column (Waters, Milford, MA, USA). Respiratory quinones were
eluted with a mixture of methanol/isopropyl ether (4:1, v/v) at a flow rate of 1 mL min~!
and temperature of 40 °C. Polar lipids were from lyophilized bacterial cells and exam-
ined using two-dimensional thin-layer chromatography (TLC) with the proper detection
reagents [35] Polar lipids were extracted by the method described by Minnikin et al. [35]
and identified by TLC on silica gel 60 F254 plates (10 x 10 cm; Merck, Rowe, NJ, USA).
All polar lipids on the TLC plates were visualized by spraying phosphomolybdic acid
ethanol solution (Sigma-Aldrich, St. Louis, MO, USA) and subsequent identification of
specific lipids containing functional groups was performed by spraying zinzadze reagent
(molybdenum blue spray reagent, 1.3%; Sigma-Aldrich) for phospholipids, 0.2% ninhydrin
solution (Sigma-Aldrich) for aminolipids, and x-naphthol solution for glycolipids.

3. Results and Discussion
3.1. Isolation of Strains

The strains SJOD-M-6T, SJOD-M-5, and SJOD-M-33 were successfully isolated as single
colonies from the gut of Ostrea denselamellosa using a standard dilution plating method.
After an incubation period of 5 days, ivory-colored colonies were observed on the MA
medium. The optimal temperature for growth was determined to be 25 °C, and subsequent
cultivation of the strains was performed at this temperature on MA.

3.2. 16S rRNA Phylogeny

The nearly complete 16S rRNA gene sequences (1517 bp) of strains SJOD-M-6, SJOD-
M-5, and SJOD-M-33 were obtained and subjected to comparative analysis. A search in the
EzBioCloud database revealed that these strains belonged to the genus Poseidonibacter. On
the basis of 16S rRNA gene sequence similarity analysis, strains S]OD—M—6T, SJOD-M-5,
and SJOD-M-33 shared 100.0% sequence similarity and the three strains were most closely
related to P. parous LPB0137T (98.8%), followed by to P. antarcticus SM17027 (98.7%) and
P. lekithochrous LFT1.7T (95.5%). Phylogenetic trees were constructed using the NJ, ML,
and MP methods to further assess the phylogenetic relationship of strains SJOD-M-67,
SJOD-M-5, and SJOD-M-33 with other related species. The trees showed that these strains,
along with P. parvus LPB0137T, P. antarcticus SM1702T, and P, lekithochrous LFT1.7T, formed
a distinct and well-supported clade, indicating their close relatedness within the genus
Poseidonibacter. High bootstrap values supported the robustness of the clade formation
(Figure 1).

3.3. Genome Features

The genome features of strains SJOD-M-6', SJOD-M-5, and SJOD-M-33 were analyzed
in this study. The DNA G + C content of strains SJOD-M-6T, SJOD-M-5, and SJOD-M-33
was 27.5%, 27.5%, and 27.6%, respectively. A summary of the genome properties and
statistics of strains SJOD-M-6T, SJOD-M-5, and SJOD-M-33 and closely related taxa can
be found in Table S1. The draft genome sequence of SJOD-M-6, representing the novel
strains, had a size of 2,858,436 base pairs (bp), consisting of 162 contigs with a contig
N5 value of 55,001 bp. The genome contained a total of 2902 coding sequences, 3 rRNA
genes, and 44 tRNA genes (Figure 51). Contamination was ruled out by comparing a
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fragment of the 165 rRNA gene with ContEst16S results. The genome sequence met
the proposed minimum standards for bacterial taxonomy [19]. A RAST analysis (https:
//rastnmpdr.org (accessed on 9 June 2023)) was performed to predict the functional
gene content of strain SJOD-M-6! genome. The analysis revealed the presence of genes
involved in various biological processes, including amino acids and derivatives (158 genes),
protein metabolism (126 genes), and cofactors, vitamins, prosthetic groups, and pigments
(124 genes) (Figure S2). Additionally, the genome was analyzed using AntiSMASH (https:
/ /antismash.secondarymetabolites.org (accessed on 9 June 2023)), which identified a redox-
cofactor cluster located from nucleotide 1535 to 3612. This cluster showed 100% similarity
to a known cluster responsible for the production of a vitamin C secondary metabolite.
A total of 2864 protein-coding genes were identified in the genome of strain SJOD-M-6,
with 2585 genes (90.3%) assigned to COG categories. The distribution of genes among
different COG categories revealed that a significant proportion of genes were associated
with signal transduction mechanisms (T; 8.5%) and amino acid transport and metabolism (E;
8.0%), compared to other functional categories (Figure S3). These genome features provide
insights into the genetic composition and potential metabolic capabilities of strain SJOD-M-
67, contributing to a better understanding of its physiological and ecological characteristics.
In the pan-genome analysis, a total of 5019 POGs were obtained from the 14,087 CDSs of
the 4 genomes. Analysis based on the POGs of strain SJOD-M-6" and the closely related
strains identified 469 unique genes and 1636 core genes (Figure S4). The shared ness of
POGs was the highest between strain SJOD-M-6' and Poseidonibacter parvus LPB01377
genomes (~78%). Due to their isolation from the gut of marine animals, these two strains
(SJOD-M-6" and P. parvus LPB01377) are hypothesized to exhibit a higher probability of
sharing a more significant number of common genes compared to the type strains of other
Poseidonibacter species. The unique POGs of strain SJOD-M-6! were distinctly different
from the other three type strains because of the genes required for survival in a brackish
water environment.

0.01 100/91/99E Malaciobacter marinus CECT 77277 (NXAO01000004)
98/-1- Malaciobacter canalis F138-33T (MG015880)
elseg Malaciobacter molluscorum F98-3T (NXFY01000041)
97133189 Malaciobacter halophilus LA31BT (AF513455)
Malaciobacter pacificus SW028T (JN118552)
—E Arcobacter caeni RW17-10T (LT629998)
99/87/81 Arcobacter acticola AR-13T (KU507537)
99/78/90 Pseudarcobacter ellisii F79-6T (FR717550)
100/85/85 Pseudarcobacter cloacae SW28-13T (HE565360)
Pseudarcobacter defluvii SW28-11T (HQ115595)
0278 /76' Pseudarcobacter aquimarinus KO2T (HG932574)
99/90/97 Halarcobacter ebronensis F128-2T (HG932573)
— e — Halarcobacter bivalviorum F4T (FJ573217)
Poseidonibacter ostreae SJOD-M-5 (MN549521)
1 Poseidonibacter ostreae SJOD-M-6T (MN549522)
Poseidonibacter ostreae SJOD-M-33 (MN549520)
Poseidonibacter antarcticus SM1702T (MH473590)
Poseidonibacter parvus LPB0137T (KX066859)
Poseidonibacter lekithochrous LFT 1.77 (LT629298)
100/m Arcobacter butzleri RM4018T (CP000361)
100/99/100 Arcobacter lacus RW43-9T (LT629997)
_+:4rcobacter lanthieri AF1440T (JARU01000021)
96/92/98 Arcobacter faecis AF1078T (JARS01000021)
Hydrogenimonas thermophila EP1-55-1%" (AB105048)

100/97/99

98/93/99

Figure 1. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences showing positions of
strains SJOD-M-6T, SJOD-M-5, SJOD-M-33, and other closely related members of the family Arcobacteraceae.
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Poseidonibacter antarcticus SM177

Poseidonibacter parvus LPB01377

Poseidonibacter sp. SJOD-M-5

Poseidonibacter sp. SJOD-M-33

Poseidonibacter sp. SJOD-M-67

Poseidonibacter lekithochrous LMG 286527

Bootstrap values (expressed as percentages of 1000 replications) over 70% are shown at nodes
for neighbor—joining, maximum—likelihood and maximum—parsimony methods, respectively.
Filled circles indicate that the corresponding nodes were recovered by all treeing methods. An
open circle indicates that the corresponding node was recovered by the neighbor-joining and
maximum-—parsimony methods. Hydrogenimonas thermophile EP1-55-1%1 (AB105048) was used
as an out-group. Bar, 0.01 substitutions per nucleotide position.

Further analysis using ANI values demonstrated that strains S]OD—M—6T, SJOD-M-5,
and SJOD-M-33 share ANI values higher than 99.7%, indicating that they belong to the same
species. However, the ANI values between these strains and other type species within the
genus Poseidonibacter were 78.24% to 83.85%, that found to be lower than the 95% threshold
(Figure 2). This supports the conclusion that these strains represent a novel species within
the genus Poseidonibacter [36]. Digital DNA-DNA hybridization (dDDH) values were also
calculated, and the results showed dDDH values of 36.9%, 20.3%, and 20.5% between SJOD-
M-6T, and reference strains P. parous LPB01377, P. lekithochrous LFT 1.7%, and P. antarcticus
SM17027T, respectively. These values are below the conventional threshold of 70% for
species delineation [27,37]. Hence, these data further support the classification of these
strains as distinct species within the genus Poseidonibacter. Furthermore, the phylogenomic
tree showed that the genome of strains SJOD-M-61, SJOD-M-5, and SJOD-M-33 formed a
clade with the genome of Poseidonibacter species, confirming again that strain SJOD-M-6T
represents a novel species of the genus Poseidonibacter (Figure 3). The overall genomic
characteristics, particularly the ANI and dDDH values, suggest that strain SJOD-M-6T
represents a novel species of the genus Poseidonibacter.

100
Tk
90

85
80
75

70
65

60
M
50

Figure 2. Heatmap of Orthologous Average Nucleotide Identity (OrthoANI) between strain SJOD-
M-61, SJOD-M-5, and SJOD-M-33, and closely related relatives. Values in the color scale indicate
the similarity percentage among the genomes. The numerical values on the branches represent the
calculated intergenomic genetic distance calculated by the Orthologous Average Nucleotide Identity
Tool (OAT) software version 6.1.
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Poseidonibacter ostreae SJOD-M-6T (WFKI00000000)
Poseidonibacter ostreae SJOD-M-5 (WFKJ00000000)
Poseidonibacter ostreae SJOD-M-33 (WFKK00000000)
Poseidonibacter antarcticus SM1702T (RCWF00000000)
Poseidonibacter parvus LPB01377 (CP019070)
Poseidonibacter lekithochrous DSM 1008707 (CP054052)
73 Arcobacter butzleriNCTC 124817 (LT906455)
Arcobacter lacus RW43-9T (MUXF00000000)
Arcobacter faecis AF1028T (JART01000000 )
Arcobacter lanthieri AF1440T (JACDJG000000000)
95 EPseudarcobacter defluvii L (GCA_000284235)
Pseudarcobacter ellisii LMG 261557 (CP032097)
Halarcobacter bivalviorum LMG 261547 (CP031217)
99[ Malaciobacter canalis LMG 291487 (CP042812)
Malaciobacter marinus JCM 155027 (CP032101)
Malaciobacter molluscorum CECT 76967 (CP032098)
Halarcobacter ebronensis CECT 8993 (GCA_004116325)
Hydrogenimonas thermophila EP1551T (FOXB00000000)

0.05

Figure 3. Phylogenomic tree based on concatenated multiple-alignment of 82 genes showing the
relationship between SJOD-M-6T and members of the family Arcobacteraceae. The tree was generated
using UBCG2 pipeline with the concatenation of 82 gene sequences. GenBank accession numbers
are shown in parentheses. Percentage bootstrap values are 60 shown at the branch points. The
tree was rooted with Hydrogenimonas thermophila EP 15517 (FOXB00000000). The Bar represents
0.05 substitutions per nucleotide position.

3.4. Morphological, Physiological, and Biochemical Characteristics

The cells of SJOD-M-6T, SJOD-M-5, and SJOD-M-33 were observed to be Gram-stain-
negative and had a coccoid shape, with a size ranging from 0.5 to 1.0 um (Figure S5).
The colonies formed by the strain on MA medium appeared as regular, round, and ivory-
colored after 3 days of incubation at 25 °C. Strain SJOD-M-6" exhibited a temperature
range for growth of 10-30 °C, with an optimum growth temperature of 25 °C. It grew
within a pH range of 5.5-8.0, with the optimal pH for growth being pH 7.0. The strain
showed tolerance to NaCl concentrations in the range of 1.0-5.0% (w/v), with an optimum
NaCl concentration for growth of 2.0%. The cells of SJOD-M-6" were positive catalase
and oxidase activities. Among the tested strains, only SJOD-M-6" exhibited the ability
to hydrolyze starch, while none of the strains showed H,S production or the ability to
utilize tween 20, 40, 60, 80, and casein. Strain SJOD-M-6" could be differentiated from
other members of the genus Poseidonibacter based on various characteristics, including the
production of arginine dihydrolase, the activities of esterase (C4), and the assimilation
of B-methyl-D-glucoside, quinic acid, glycyl-L-aspartic acid, and L-pyroglutamic acid.
Additionally, strain SJOD-M-6" exhibited starch hydrolysis, which was not observed in
its closest relatives. A summary of the phenotypic characteristics distinguishing strain
SJOD-M-6T from its closest relatives can be found in Table 1.

These morphological, physiological, and biochemical characteristics provide important
information for the identification and differentiation of strain SJOD-M-61 from related
species within the genus Poseidonibacter.
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Table 1. Characteristics that differentiate strains SJOD-M-61, SJOD-M-5, and SJOD-M-33 from the type strains of species in the genus Poseidonibacter. Strains: 1,
SJOD-M-6T; 2, SJOD-M-5; 3, SJOD-M-33; 4, P. parvus KACC18888T; 5, P. antarcticus KCTC 62796 ; 6, P. lekithochrous DSM 100870". Data are from this study or from,
except where indicated. +, Positive; —, negative.

Characteristic 1 2 3 4 5 6
Isolation source Oyster Oyster Oyster Squid * Sediment Scallop §
Colony color on MA Ivory Ivory Ivory Pinkish-brown * Creamy yellow Brown §
Temperature range (Optimum) (°C) 10-30 (25) 10-30 (25) 10-30 (25) 10-25 (25) 0-30 (10-15) ¥ 15-25 (25) §
NaCl tolerance (%, w/v) 1.0-5.0 1.0-5.0 1.0-5.0 2.0-45% 05-5.0% 0.0-8.08
API 20NE:
Arginine dihydrolase + + + — + +
Indole production — — - + — +
glucose fermentation - - — - +
Enzyme activity of:
Esterase (C4) + + + + +
Acid phosphatase — — — + + +
Alkaline phosphatase — - — + — +
Leucine arylamidase — - — — + _
Utilization of carbon sources (Biolog GN2):
D-sorbitol + + + + + —
a-D-lactose, malonic acid, propionic acid, succinic acid, L-aspartic acid,
L-glutamic acid, glycerol * * * + - +
L-rhamnose + + + — + 4
D-arabitol + + + _ _
D-mannitol + + + — + _
D-cellobiose, D-mannose, D-melibiose + + + — — +
B-methyl-D-glucoside, quinic acid, glycyl-L-aspartic acid, L-pyroglutamic acid + + + — - -
L-arabinose, L-alanine — — - + + _
Sucrose, D-trehalose, L-leucine, L-serine - — — + — +
a-D-glucose, maltose, D-alanine — — — _ + +
Lactulose - — - + _ _
N-acetyl-D-glucosamine - — — - + _
D-fructose, a-hydroxybutyric acid, D-saccharic acid, L-histidine, y-amino B B B _ _ .
butyric acid
Hydrolysis of:
Starch + + + _ _ _
DNA — — — — + +
DNA G + C content * (mol%) 27.5 27.5 27.6 27.7 27.1 28.5
Genome size (Mb) 2.86 2.96 3.21 2.87 2.92 3.57

*The G + C content was calculated based on the nucleotide content of the sequenced genomes. $ Data from Diéguez et al. [1,2]. ¥ Data from Guo et al. [3]. ¥ Data from Kim et al. [4].
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3.5. Chemotaxonomic Characterization

The major cellular fatty acids of strains SJOD-M-6T, SJOD-M-5, and SJOD-M-33 were
identified as summed feature 3 (Cy4:1 w7c and/or Cy6,1 wéc), followed by summed feature 8
(C181 w7c and/or Cig.y wée) and Cyg0. A comparison of the full fatty acid profiles between
strains SJOD-M-6T, SJOD-M-5, and SJOD-M-33 and three reference strains can be found in
Table 2.

Table 2. Fatty acids profiles of strains SJOD-M-6", SJOD-M-5, and SJOD-M-33 and the type strains
of species of genus Poseidonibacter. Strains: 1, SJOD-M-6T; 2, SJOD-M-5; 3, SJOD-M-33; 4, P. parous
KACC18888T; 5, P. antarcticus KCTC 62796"; 6, P. lekithochrous DSM 100870". All the strains were
grown on MA at 25 °C and harvested in the late exponential phase. Values are percentages of the
total fatty acids. Fatty acids that represented <1.0% in all strains are not shown. Tr, Trace (<1.0%); -,
not detected.

Fatty Acid 1 2 3 4 5 6

Ci2:0 1.2 1.1 Tr 23 43 Tr

Ci2.0 3-OH Tr Tr 1.0 - 5.6 -

Cig0 2.6 2.7 3.0 8.2 74 3.1
Ci6:0 11.7 11.9 11.9 8.5 11.9 12.0

Ci6:1 w5C 2.8 2.6 2.8 Tr Tr 14

Summed features *

2 (C14:0 3-OH and/or C16;1 iSO-I) 6.2 6.3 6.4 11.2 5.9 75
3 (Ci6:1 w7c and/or Cyg.q wbC) 56.7 57.2 56.8 56.8 45.1 54.8
8 (C1g.1 w7c and/or Cyg.1 wbC) 17.9 17.3 17.9 12.1 18.8 15.6

* Summed features represent groups of two fatty acids, which cannot be separated by the MIDI system.

The predominant respiratory quinone detected in strain SJOD-M-6! was indeed
menaquinone-6 (MK-6). MK-6 is a common quinone found in the genus Poseidonibacter. Re-
garding the polar lipids, strain SJOD-M-6 was found to contain phosphatidylethanolamine,
phosphatidylglycerol, an unidentified aminolipid, an unidentified aminophospholipid and
two unidentified phospholipids (Figure S6). Among these, phosphatidylethanolamine and
phosphatidylglycerol were identified as common polar lipids in the genus Poseidonibacter
(Table 1). These chemotaxonomic characteristics, including the fatty acid composition,
isoprenoid quinone profile, and polar lipid composition, align with the classification of
most strains within the genus Poseidonibacter.

4. Conclusions

Based on the phylogenetic analysis, genome comparison, chemotaxonomic charac-
teristics, and differential phenotypic and genetic features, it can be concluded that strain
SJOD-M-6T, along with strains SJOD-M-5 and SJOD-M-33, belongs to the genus Posei-
donibacter. However, the low genomic relatedness and distinct characteristics differentiate
strain SJOD-M-6' from other type species within the genus Poseidonibacter. This designation
highlights its isolation from the gut of Ostrea denselamellosa and emphasizes its distinct tax-
onomic position within the Poseidonibacter genus. Therefore, strain SJOD-M-6" represents a
novel species, which is proposed to be named Poseidonibacter ostreae sp. nov.

Description of Poseidonibacter ostreae sp. nov.

Poseidonibacter ostreae (0s.tre’a.e. L. gen. n. ostreae of /from an oyster).

Cells are gram-stain-negative, aerobic, catalase and oxidase positive, and coccoid-
shaped (0.5-1.0 um). The temperature range for its growth is 10-30 °C (optimum, 25 °C).
The pH range for growth is 5.5-8.0 (optimum, 7.0). The range of NaCl concentration toler-
ated for growth is 1.0-5.0% (w/v), with an optimal NaCl concentration of 2.0% (w/v). Starch
is hydrolyzed, but H,S, Tween 20, 40, 60, 80, casein, and DNA are not hydrolyzed. The
API 20NE strip indicates positive for nitrate reduction and arginine dihydrolase activity,
but indole production, glucose fermentation, urease, esculin hydrolysis, gelatinase, and
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[-galactosidase activity are negative. The API ZYM kit shows the presence of esterase (C4),
esterase lipase (C8), and naphthol-AS-BI-phosphohydrolase activity, but alkaline phos-
phatase, lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin,
a-chymotrypsin, acid phosphatase, a#-galactosidase, -galactosidase, -glucuronidase, «-
glucosidase, B-glucosidase, N-acetyl-B-glucosaminidase, a-mannosidase, and a-fucosidase
activities are absent. The Biolog GN2 carbon source oxidation test indicates positive for
D-arabitol, D-cellobiose, a-D-lactose, D-mannitol, D-mannose, D-melibiose, 3-methyl-D-
glucoside, L-rhamnose, D-sorbitol, malonic acid, propionic acid, quinic acid, succinic acid,
L-aspartic acid, L-glutamic acid, glycyl-L-aspartic acid, L-pyroglutamic acid, and glycerol.
Its major respiratory quinone is MK-6. The major fatty acids (>10%) are summed feature 3
(C16:1 w7c and/or Cyg.1 wbC) (56.7%), summed feature 8 (Cqg.1 w7c and/or Cyg.q wéc) (17.5%),
and Cyg0 (11.7%). The polar lipids identified in the strain are phosphatidylethanolamine,
phosphatidylglycerol, two unidentified phospholipids, an unidentified aminolipid, and an
unidentified aminophospholipid.

The type strain of Poseidonibacter ostreae is SJOD-M-6T (=KCTC 72758T = NBRC
114334T = FBCC-B685), which was isolated from the gut of Ostrea denselamellosa. The
G+C content of the type strain DNA is 27.5 mol%, and its genome size is 2.9 Mb. The 165
rRNA gene sequence is deposited in GenBank/EMBL/DDBJ under the accession num-
ber MN549522, and the draft genome sequence is available under the accession number
WEFKI00000000. Two closely related strains, SJOD-M-5 (accession number WFKJ00000000)
and SJOD-M-33 (accession number WFKK00000000), were also isolated from the gut of
Ostrea denselamellosa.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/d15080920/s1, Table S1. Genome statistics of strains SJOD-M-67,
SJOD-M-5, and SJOD-M-33 and their related strains of species of genus Poseidonibacter. Figure S1.
Circular map of the Poseidonibacter sp. strain SJOD-M-6T genome. From outside to the center; the
colored bands in ring 1 represent contigs; ring 2 represents the annotated genes on the forward strand
(color determined by COG category); ring 3 shows the annotated genes on the reverse strand (color
determined by COG category); ring 4 displays the RNA genes (rRNAs are displayed in red and
tRINAs are displayed in purple); ring 5 shows the GC skew (higher-than-average values are displayed
in green, while lower-than-average values are displayed in red) and ring 6 shows the GC ratio (higher-
than-average values in blue and lower-than-average values in yellow). Figure S2. Subsystem category
distribution of strain SJOD-M-6T based on the RAST annotation server (https://rastnmpdr.org/)
(accessed on 25 May 2023). Figure S3. COG functional classification of proteins in strain SJOD-M-6T
genome. Figure S4. Venn diagram representing the core orthologous and unique genes for strains
SJOD-M-6" and closely related type strainss. Figure S5. Phylogenomic tree based on concatenated
multiple-alignment of 82 genes showing the relationship between SJOD-M-6T and members of the
family Arcobacteraceae. The tree was generated using UBCG2 pipeline with the concatenation of
82 gene sequences. GenBank accession numbers are shown in parentheses. Percentage bootstrap val-
ues are 60 shown at the branch points. The tree was rooted with Hydrogenimonas thermophila EP 15517
(FOXB00000000). The Bar represents 0.05 substitutions per nucleotide position. Figure S6. Transmis-
sion electron micrograph of negatively stained cells of strain SJOD-M-6T. Bar, 200 nm. Figure S7.
Two-dimensional thin-layer chromatogram showing polar lipids of SJOD-M-6T, which were stained
with a phosphomolybdic acid solution for total lipids (A), spraying zinzadze reagent (molybdenum
blue spray reagent, 1.3%) for phospholipids (B), and 0.2% ninhydrin solution for aminolipids (C),
a-naphthol solution for glycolipids (D), respectively. Abbreviations: PE, phosphatidylethanolamine;
PG, phosphatidylglycerol; PL1-2, unidentified phospholipids; AL, unidentified aminolipid.; APL,
unidentified aminophospholipid.
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