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Abstract

A Gram-stain-negative, obligately aerobic bacterium, designated strain B6', was isolated from rice wine vinegar in the Republic
of Korea. Cells were non-motile and oval short rods showing catalase-positive and oxidase-negative activities. Growth was
observed at 15-45 °C (optimum, 30 °C) and pH 3.5-8.0 (optimum, pH 5.5-6.5). Strain B6" contained summed feature 8 (compris-
ing C,,.,@7c and/or C,, ,@éc), and C,, , as major fatty acids and ubiquinone-9 was identified as the sole isoprenoid quinone.
The G+C content of the genomic DNA calculated from the whole genome was 53.1 mol%. Strain B4 was most closely related to
Acetobacter pasteurianus LMG 12627 with very high 16S rRNA gene sequence similarity (100 %) and the strains formed a very
close phylogenetic lineage together in phylogenetic trees based on 16S rRNA gene sequences. However, relatedness analyses
based on concatenated amino acid sequences of 354 core genes and whole-cell MALDI-TOF profiles showed that strain B6"
may form a distinct phyletic lineage from Acetobacter species. In addition, average nucleotide identity and in silico DNA-DNA
hybridization values between strain B6" and the type strains of Acetobacter species were less than 93.3 and 51.4 %, respectively.
The genomic features of strain Bé6" were also differentiated from those of closely related Acetobacter type strains. Based on the
phenotypic, chemotaxonomic and genomic features, strain Bé' clearly represents a novel species of the genus Acetobacter, for

which the name Acetobacter oryzoeni sp. nov. is proposed. The type strain is B6" (=KACC 21201"=JCM 333717).

Acetic acid bacteria are Gram-stain-negative, obligately aero-
bic bacteria that produce acetic acid by ethanol oxidation and
the genus Acetobacter is a representative acetic acid bacteria
[1]. At the time of writing, the genus Acetobacter includes
28 validated published species that have been isolated from
various alcoholic fermentation products such as in grapes,
wine, water kefir, kombucha, beer, rice wine and cocoa bean
and their vinegar products [2-9]. Cells of Acetobacter are
motile or non-motile ellipsoidal to short rods usually show-
ing catalase-positive and oxidase-negative activities and con-
taining ubiquinone-9 (Q-9) as the predominant respiratory
quinone. Their genomic DNA has a G+C content of 50.5-60.3
mol% [10]. Korean rice wine, called makgeolli in Korea, is
made through alcohol fermentation by yeast from rice, along
with nuruk, a Korean fermentation starter, with the growth
of molds producing hydrolysable enzymes that hydrolyse rice
starches into fermentable sugars. Korean rice wine vinegar
is made by acetic acid fermentation from Korean rice wine

and an indigenous seed vinegar called ‘mother of vinegar is
generally added for the fermentation. In this study, we isolated
an Acetobacter strain, designated strain B67, from a rice wine
vinegar, which was very closely related to Acetobacter species
type strains based on 16S rRNA gene sequence similarity.
However, relatedness analyses based on core genomes, aver-
age nucleotide identity (ANI), in silico DNA-DNA hybridiza-
tion (DDH) and whole-cell matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF
MS) showed that strain B6" may represent a novel species
of the genus Acetobacter. Here we describe its taxonomic
characteristics using a polyphasic approach.

Strain B6" was isolated from a traditional rice wine (called
makgeolli in Korea) vinegar. Briefly, a rice wine vinegar
sample that was collected in Jeonju (35° 49’ 19” N 127° &'
56" E), Republic of Korea, was serially diluted in phosphate
buffered saline (150 mM NaCl, 20 mM sodium phosphate,
pH 7.0) and aliquots of each serial dilution were spread on
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YPGDE agar (0.5 g yeast extract, 0.5 g peptone, 0.5 g glyc-
erol, 0.5 g D-glucose, 4 ml ethanol and 1.5 g agar per 100 ml)
containing 2 % (w/v) CaCO,. After 2 days of incubation at
30 °C, 16S rRNA genes of colonies with clear zones formed
by dissolving of calcium carbonate on the agar plates were
amplified using F1 (5'- AGAGTTTGATCMTGGCTCAG-3")
and R13 (5- TACGGYTACCTTGTTACGACTT-3")
primers and the amplicons were sequenced using 340F
(5'-CCTACGGGAGGCAGCAG-3'), 518R (5'-ATTAC-
CGCGGCTGCTGG-3') and 805F (5-GATTAGATACCCTG-
GTAGTC-3'), as described previously [11]. The 16S rRNA
gene sequences obtained by the 518R, 805F and 340F primers
were assembled and compared with those of all reported type
strains using the Nucleotide Similarity Search program in the
EzBioCloud server (www.ezbiocloud.net/identify) [12]. From
the results, strain B6" was selected for further taxonomic
characterization. Strain B6" was routinely cultured under an
aerobic condition in YPGDE broth at 30 °C for 2 days and was
stored at —80 °C in YPGDE broth containing 15 % (v/v) glyc-
erol for a long-term preservation. Acetobacter pasteurianus
LMG 12627, ‘Acetobacter ascendens’ LMG 15907, Acetobacter
oryzifermentans SLV-7%, Acetobacter pomorum LTH 2458" and
Acetobacter aceti KCTC 122907 were used for the comparative
genomic analysis, the whole-cell MALDI-TOF MS analysis
and the comparisons (Acetobacter aceti KCTC 122907 was
not used for these comparisons) of phenotypic properties and
fatty acid compositions.

The 16S rRNA gene sequence similarities between strain
B6" and closely related type strains were calculated using the
EzBioCloud server [12]. The 16S rRNA gene sequences of
strain B6" and closely related strains were aligned using a fast
secondary-structure aware infernal aligner which is available
in the Ribosomal Database Project [13] and phylogenetic trees
with bootstrap values (1000 replications) were reconstructed.
Kimura's two-parameter model, the nearest-neighbour-
interchange heuristic search method and pairwise deletion
options were used for the reconstruction of neighbour-joining
(NJ), maximum-parsimony (MP) and maximum-likelihood
(ML) trees in the MEGA7 software version 7.026 [14].

Comparative analysis based on 16S rRNA gene sequence
similarity showed that strain B6" was most closely related
to A. pasteurianus LMG 1262", A. oryzifermentans SLV-77,
‘A. ascendens’ LMG 1590" and A. pomorum LTH 2458" with
very high sequence similarities (99.78-100 %) while sequence
similarities to other species were below 98.0 %. Phylogenetic
analysis using 16S rRNA gene sequences based on the NJ
algorithm showed that they formed a very close phyloge-
netic lineage that was not differentiated each other because
of their high 16S rRNA gene sequence similarities (Fig. 1),
which corresponded with the tree topologies based on the MP
and ML algorithms (Fig. S1, available in the online version
of this article). Strain Ab3 (registered as A. pasteurianus Ab3
in GenBank, not available because the strain was deposited
for patent purposes at the China Center for Type Culture
Collection, M2013116), which was reported to be able to
be classified as a new species of the genus Acetobacter in a
previous study [9], also clustered with them (Figs. 1 and S1).
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The genomic DNA of strains B6T was extracted according to
a standard procedure using phenol-chloroform extraction
and ethanol precipitation [15]. The genome of strain B6"
was completely sequenced and analysed under the proposed
minimal standards for the taxonomy of prokaryotes [16]. In
brief, the genome of strain B6" was completely sequenced
using a combination of PacBio RS single-molecule real-time
(SMRT) sequencing with a 10 kb library and Illumina Hiseq
2500 sequencing at Macrogen (Republic of Korea). De novo
assembly of sequencing reads derived from the PacBio SMRT
sequencing was performed through the hierarchical genome
assembly process using the HGAP3 software (ver. 3.11.1)
[17], which generated four contigs with an average genome
coverage of x190.7. Paired-end raw reads with 991 Mb of 151
bp reads (314.3x average genome coverage) derived from
the Illumina sequencing were mapped on complete genome
sequences assembled from the PacBio sequencing reads for
error corrections. The quality of the resulting genome was
assessed based on its completeness and contamination rates
using CheckM software (version 1.0.4) [18]. The complete-
ness and contamination rates of the genome were 97.91
and 1.47 %, respectively, which clearly satisfied the criteria
(=90 and <10 %, respectively) to be considered as a high
quality genome [18]. The complete genome of strain B6T
was composed of one circular chromosome [2 744 393 bp,
2425 protein coding sequences (CDS) and 53.1 mol% G+C
content] and three circular plasmids (246 434 bp, 224 CDS
and 53.7 mol%; 132 758 bp, 101 CDS and 50.8 mol%; 29 595
bp, 27 CDS and 56.1 mol%). The entire genome (3 153 180
bp) of strain B6" contained 2989 total genes, five complete
rRNA operons (16, 23 and 5S rRNA genes) and 57 tRNA
genes encoding 20 amino acids. The DNA G+C content of
the entire genome was 53.1 mol%, which is within the DNA
G+C content range of Acetobacter species [10].

For the genome-based phylogenomic analysis, core genes
of strain B6T and closely related strains were obtained from
their whole genomes using the USEARCH program (version
9.0) available in the Bacterial Pan-Genome Analysis (BPGA)
pipeline (version 1.3), with a 50 % sequence identity cut-off
[19]. The concatenated amino acid sequences of the obtained
core genes were aligned using the MUSCLE program (version
3.8.31) [20], and a phylogenomic tree with 1000 replicate
bootstrap values was reconstructed using the maximum-
likelihood algorithm in the MEGA program. The relatedness
for whole genomes including chromosomes and plasmids
between strain B6%and closely related strains was evaluated
through average nucleotide identity (ANI) and in silico
DNA-DNA hybridization (DDH) analyses, using a stand-
alone program (www.ezbiocloud.net/sw/oat) [21] and the
web-based Genome-to-Genome Distance Calculator version
2.1 (http://ggdc.dsmz.de/distcalc2.php) [22].

The results of genome-based phylogenomic analysis based
on the concatenated amino acid sequences of 354 core-genes
showed that strain B6" formed a phylogenetic lineage with
strain Ab3 and both strains were closely related to A. pasteu-
rianus LMG 12627 (Fig. 2), showing that they may be differ-
entiated from other Acetobacter species. Therefore, pair-wise
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Fig. 1. A neighbour-joining tree based on 16S rRNA genes, showing phylogenetic relationships between strain B4" and Acetobacter
species. Bootstrap values above 70 % are shown on the nodes as percentages of 1000 replicates. Filled circles (e) indicate the
corresponding nodes that were also recovered by the maximume-Llikelihood and maximum-parsimony algorithms. Rhodopila globiformis
DSM 1617 (D86513) was used as outgroup (not shown). Bar, 0.01 changes per nucleotide position.

ANI and in silico DDH values among the genomes used for
genome-based phylogenomic analysis were calculated (Table
S1). The ANI and in silico DDH values between strains B6*
and Ab3 were 98.1 and 84.1 %, respectively, which were clearly
higher than the thresholds, 95-96 and 70 %, respectively, for
prokaryotic species delineation [21, 23-25], suggesting that
strains B6" and Ab3 should be considered as one species.
The analyses showed that the ANI and in silico DDH values
between strains B6" and other closely related Acetobacter type
strains were less than 93.3 and 51.4 %, which were clearly
lower than the thresholds for prokaryotic species delineation,
which suggests that strains B6" represents a new species of the
genus Acetobacter.

For the comparative genomic analysis of strain B6" and closely
related Acetobacter strains, their genomes were retrieved
from GenBank and automatically annotated by using
the NcBI prokaryotic genome annotation pipeline (www.
ncbi.nlm.nih.gov/genome/annotation_prok/).  Clustered
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regularly interspaced short palindromic repeat (CRISPR)
gene sequences were searched using an online web service
(http://crispr.i2bc.paris-saclay.fr) [26] and genomic islands
were identified using the web-based IslandViewer 4 software
(www.pathogenomics.sfu.ca/islandviewer/) [27]. All proteins
derived from Acetobacter genomes were functionally classi-
fied based on their sequence similarity and domain features
predicted by the InterProScan program [28] and their
numbers were manually counted. Among alcohol dehy-
drogenases (ADH) and aldehyde dehydrogenases (ALDH),
membrane-bound proteins containing transmembrane
helices were regarded as pyrroloquinoline quinone (PQQ)-
ADH and PQQ-ALDH, respectively.

The general genomic features of strain B6" and the reference
Acetobacter strains are described in Table 1. The genome of
strain B6" was composed of one circular chromosome and
three circular plasmids, like strains LMG 1590" and SLV-77,
while strain Ab3, the most closely related strain to strain B6",
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Fig. 2. A phylogenomic tree based on concatenated amino acid sequences of 354 core genes, showing phylogenetic relationships
between strain B6" and Acetobacter strains. Bootstrap values above 70 % are shown on the nodes as percentages of 1000 replicates.

Bar, 0.05 changes per nucleotide position.

was composed of a single chromosome without plasmid.
The genome size of strain B6" was approximately 3.15 Mb
with 2985 total genes and 2777 protein coding sequences,
which was a little bigger than strain Ab3, A. pasteurianus
LMG 1262" and ‘A. ascendens’ LMG 1590" that were closely
clustered with strain B6" in the phylogenetic analyses (Figs 1
and 2). However, the genome size of strain B6" was a little
smaller than those of distantly related strains, A. pomorum
LTH 2458" and A. aceti KCTC 12290". Strain B6" had five
rRNA operons as did other all reference Acetobacter strains
(Table 1, [29]). The G+C content and tRNA gene number
of strain B6" were 53.1 mol% and 57, respectively, which
were in the ranges of the other reference Acetobacter strains.
The genome of strain B6" contained one confirmed CRISPR
and 26 genomic islands, similar to the reference Acetobacter
strains, indicating some occurrences of genetic alterations
and exchanges during its evolutionary process.

The results of functional gene analyses of Acetobacter genomes
showed that strain B6" harboured 14 ADH- and 12 ALDH-
coding genes that may be associated with acetate production
from ethanol, which were a little higher than those of closely
related Acetobacter strains including strain Ab3. However,
it has been reported that the activities of membrane-bound
PQQ-dependent ADH and ALDH in the periplasm of acetic
acid bacteria play a major role in the conversion of ethanol
to acetate during vinegar fermentation [29, 30]. Strain B6"
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possessed five PQQ-ADH- and one PQQ-ALDH-coding
gene, which was similar to those of other Acetobacter strains.
It is well known that chaperone proteins, including GroES,
GroEL, DnaK, DnaJ and GrpE, and ornithine/diaminopime-
late decarboxylase, generating alkaline environment in the
cytoplasm, confer tolerance to stressors such as acetic acid
and ethanol in acetic acid bacteria [31]. Strain B6" and the
reference Acetobacter strains had the same numbers of genes
encoding DnaK (1), Dna]J (4), GroEL (1), GroES (1) and GrpE
(1), YbbN (1), DjlA (1), SecB (1) Hfq (1), HtpG (1), Hsp33 (1),
ClpB (1) and ornithine/diaminopimelate decarboxylase (2). It
has also been reported that urea metabolic systems contribute
to acid tolerance in bacteria such as Helicobacter pylori and
Lactobacillus reuteri by producing ammonia [32]. However,
no urease gene cluster (ureDABCEFG) encoding the urease
enzyme that produces ammonia by hydrolysing urea was
identified in strain B6", but the other reference strains (except
for A. pasteurianus LMG 1262" and A. pomorum LTH 24587)
harboured a urease gene cluster. In addition, strain B6" did
not harbour urea metabolic systems such as urea transporter
(urtABCDE), urea carboxylase and allophanate hydrolase,
unlike other reference Acetobacter strains, which suggests
that strain B6" may be less tolerant to acetic acid compared
to the reference Acetobacter strains. In conclusion, the func-
tional gene analyses of Acetobacter genomes showed that the
general genomic and genotypic features of strain B6" were a
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Table 1. General genomic and genotypic features of strain B6" and closely related Acetobacter strains*

Strains: 1, B6"; 2, Ab3; 3, Acetobacter pasteurianus LMG 12627 ; 4, ‘Acetobacter ascendens’ LMG 1590"; 5, Acetobacter oryzifermentans SLV-77; 6,
Acetobacter pomorum LTH 2458, 7, Acetobacter aceti KCTC 12290, All strains have the same numbers of genes encoding the following chaperone
proteins: DnaK (1), DnaJ (4), GroEL (1), GroES (1) and GrpE (1), YobN (1), DjlA (1), SecB (1) Hfg (1), HtpG (1), Hsp33 (1) and ClpB (1), and ornithine/
diaminopimelate decarboxylase (2). The information was obtained from GenBank annotated by the NcBI NCBI Prokaryotic Genome Annotation Pipeline.

Characteristic 1 2 3 4 5 6 7
Genome status (no. of contigs)* C(4) C(1) D (141) C(4) C(4) D (212) D (209)
Total genome size (Mb) 3.15 2.80 2.98 3.00 3.10 3.33 3.55
DNA G+C content (mol%) 53.1 53.3 53.1 53.2 52.4 51.7 57.1
Total no. of genes 2985 2680 2864 2938 3009 3168 3274
No. of protein coding sequences 2777 2498 2688 2560 2787 2973 3122
No. of rRNA operonst 5 5 - 5 5 - -
No. of tRNA genes 57 58 49 56 57 54 40
No. of confirmed CRISPRs (no. of questionable 1 0 0(1) 0 1 2(2) 1
CRISPRs)#

No. of genomic islands 26 23 23 23 26 40 25
Acetic acid production:

Alcohol dehydrogenase (PQQ-ADH)$ 14 (5) 11 (4) 12 (4) 9(4) 11 (4) 11 (4) 16 (4)
Aldehyde dehydrogenase (PQQ-ALDH)$ 12 (1) 9 (1) 12 (1) 10 (1) 8(1) 10 (1) 11 (1)
Urea metabolism-associated:

Urease gene cluster (ureDABCEFG) 0 1 0 1 1 0 1
Urea transporter (urtABCDE) 0 1 1 1 2 0 1
Urea carboxylase 0 0 1 1 1 0 1
Allophanate hydrolase 0 0 1 1 1 0 1

*C, complete; D, draft.

tEach rRNA operon consists of 16S, 23S and 5S rRNA genes and their numbers were counted for only complete genomes. —, not counted for

draft genomes.

$CRISPRs of more than two spacers with three or more perfect repeats are ‘confirmed CRISPRs’, whereas CRISPRs with fewer than three perfect

repeats or nonidentical repeats are considered ‘questionable’ [26].

§Membrane-bound PQQ-alcohol dehydrogenase (ADH) and -aldehyde dehydrogenase (ALDH) were analysed based on the presence of

transmembrane helices.

little different from those of the reference Acetobacter strains.
In particular, the analyses clearly showed that strain B6" can
be differentiated by its genomic and genotypic features from
strain Ab3 that was considered as the same species.

Various phenotypic analyses recommended for the descrip-
tion of new taxa in the genus Acetobacter were performed for
the taxonomic characterization of strain B6". Growth of strain
B6"at different temperatures (5, 10, 15, 20, 25, 30, 37, 40 and
45 °C) and pH values (3.0-10.0 at 0.5 pH unit intervals) was
assessed in YPGDE broth at 30 °C for 2 days. YPGDE broth
with pH values below pH 5.5, pH 6.0-7.5 and pH 8.0-10.0
were prepared using citrate buffer, Na, HPO,-NaH,PO,, and
Tris-HCI buffers, respectively, as described previously [33].
Cell morphology and motility of strain B6" were investigated
using transmission electron microscopy (JEM-1010, jeoL) and
phase-contrast microscopy of cells grown on YPGDE agar at
30 °C for 2 days. The following properties of strain B6" and
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three reference strains were investigated in parallel under the
same conditions. Ethanol tolerance was assessed, as described
previously [34]. Catalase and oxidase activities were checked
by the production of oxygen bubbles in 3 % (v/v) aqueous
H,0, solution and the oxidation of 1 % (w/v) tetramethyl-
p-phenylenediamine (Merck), respectively [35]. Formation
of 2-keto-p-gluconic acid and 5-keto-p-gluconic acid from
D-glucose was tested using the method described by Gosselé
et al. [36]. Utilization of ammonium as the sole nitrogen source
was checked using Frateur's modified Hoyer ethanol medium
[37]. Growth in 0.5 % yeast extract solution containing 30 %
D-glucose and in basal medium (0.05 % yeast extract and 0.3
% vitamin-free casamino acids) containing 0.3 % of each of
carbon sources, D-fructose, D-sorbitol, glycerol, maltose and
methanol was tested as described previously [37]. Acid produc-
tion from L-arabinose, D-galactose, D-mannose, D-glucose and
D-xylose was checked as described by Asai et al. [38].
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Table 2. Comparison of phenotypic characteristics of strain B6'and the type strains of closely related Acetobacter species

Strain: 1, B6"; 2, Acetobacter pasteurianus LMG 1262"; 3, ‘Acetobacter ascendens’ LMG 1590"; 4, Acetobacter oryzifermentans SLV-7'; 5, Acetobacter
pomorum KCTC 22319T"; 6, Acetobacter aceti KCTC 12290". All analyses were performed in this study. All strains are positive for catalase activity and
growth in 10 % (v/v) ethanol. All strains are negative for the following characteristics: anaerobic growth, flagellar motility, oxidase activity, growth on
maltose and methanol as a sole carbon source, ammonium utilization as the sole nitrogen source, growth on yeast extract with 30 % (w/v) b-glucose,

and acid production from D-arabinose. +, Positive; —, negative.

Characteristic 1 2 3 4 5 6
Isolation source Rice vinegar Beer Unknown Rice vinegar Vinegar Vinegar
Growth on:
D-Fructose - - - + - +
D-Sorbitol - - + - - -
Glycerol + - - + - +
Formation of ketogluconic acids from p-glucose:
2-Keto-p- - - - - - +
gluconic acid
5-Keto-p- - = - - = +
gluconic acid
Acid production from:
L-Arabinose + - - - - +
p-Galactose + - - - - +
D-Mannose + - - + - +
D-Glucose + + - + + +
D-Xylose + + - + - +

When cultured on YPGDE agar at 30 °C for 2 days, cells of
strain B6" were Gram-stain-negative, strictly aerobic and
non-motile oval rods that occurred singly or in groups. Cells
were 0.9-1.1 um wide and 1.3-1.4 um long (Fig. S2). Many
phenotypic properties, including oxidase, catalase, flagellar
motility, cell morphology, growth in 10 % (v/v) ethanol,
formation of 5-keto-p-gluconic acid and 2-keto-p-gluconic
acid from p-glucose and growth on maltose and methanol,
were in common with those of the reference strains, while
some phenotypic properties, including growth on p-fructose,
D-sorbitol and glycerol and acid production from L-arabinose,
D-galactose, D-mannose, D-glucose and D-xylose, differ-
entiated strain B6" from the reference Acetobacter strains

(Table 2).

For the whole-cell MALDI-TOF MS analysis, cells of strain
B6" and four reference strains that were cultured on YPGDE
agar at 30 °C for 3 days were harvested as described previ-
ously [39], and their MALDI-TOF MS spectra were obtained
using an MALDI Biotyper (Bruker Daltonics), according to
the manufacturer’s suggested settings, with the detection
of positive ions in a linear mode of a mass range of 2-20
kDa. Heatmap and hierarchical clustering analyses of the
MALDI-TOF MS profiles were performed using one minus
the Pearson correlation distances for the clustering in the
GENE-E program (www.broadinstitute.org/cancer/software/
GENE-E/). Isoprenoid quinones of strain B6" were analysed
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using an HPLC (model LC-20A, Shimadzu) system equipped
with a reversed-phase column (25014.6 mm, Kromasil, Akzo
Nobel) and a diode array detector (SPD-M20A, Shimadzu)
with methanol-isopropanol (2 : 1, v/v) as an eluent (1 ml
min'), as described previously [40]. For the analysis of
cellular fatty acids, strain B6" and three reference strains were
cultivated in YPGDE broth at 30 °C and their microbial cells
were harvested at the same growth stage (exponential phase,
0OD600=0.6-0.8). The standard mIDI protocol was used for
the analysis of cellular fatty acids of the microbial cells that
were also saponified, methylated and extracted by following
that protocol. For the detection of fatty acid methyl esters,
gas chromatography (Hewlett Packard 6890) and the TSBA6
database of the Microbial Identification System (Sherlock
version 6.0B) were used as described previously [41].

The hierarchical clustering analysis based on MALDI-TOF
MS profiles of Acetobacter strains showed that strain B6” was
clustered with A. pasteurianus LMG 12627, but their profiles
were clearly different (Fig. 3). The only respiratory quinone
detected from strain B6T was Q-9, which was in accordance
with members of the genus Acetobacter [10]. The major cellular
fatty acids (>5 % of the total fatty acids) of strain B6" were
summed feature 8 (comprising C,,  @7cand/or C , ,w6c; 64.1
%) and C,,  (10.0 %). The overall fatty acid profile of strain
B6" was similar to those of other Acetobacter species, but there
were some differences in the respective proportions of fatty
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Fig. 3. Heat map profiling and hierarchical clustering of MALDI-TOF MS
spectra showing relationships between strain B6" and closely related
Acetobacter strains. The MALDI-TOF MS spectra were obtained in
triplicate from m/z peaks intensities of mass range 2000-20 000 m/z.

Table 3. Cellular fatty acid compositions (%) of strain Bé6Tand the type
strains of closely related Acetobacter species

Strains: 1, B&"; 2, Acetobacter pasteurianus LMG 12627; 3, 'Acetobacter
ascendens’ LMG 15907, 4, Acetobacter oryzifermentans SLV-7T. All data
were obtained from this study. Data are expressed as percentages for
the total fatty acids and fatty acids less than 0.5 % in all strains are not
indicated. Major components (>5.0 %) are highlighted in bold. TR, Trace
amount (<0.5 %).

Fatty acid 1 2 3 4
Saturated:
Ch.o 1.2 - - -
Co TR 0.9 - 1.3
Cueuo 10.0 15.5 113 10.2
Cio 47 1.3 25 22
Cyo 13 TR - TR
C,,., aldehyde 2.8 3.6 5.5 5.7
C,., cyclo w8c 1.5 0.8 1.7 1.4
Unsaturated:
C,,.,06,9¢ - - 42 -
Hydroxy:
C,.,2-OH 2.9 3.6 43 42
C, ,2-OH 3.0 49 43 6.6
C,,.,3-OH 13 0.9 3.0 1.6
C,,.,3-OH 3.1 13.7 26.1 1.0
Summed features:*
2 1.9 - 1.3 -
8 64.1 52.7 30.5 64.4

*Summed features represent groups of two or three fatty acids that cannot be
separated by GLC with the MiDI system. Summed feature 2,iso-C,, , I and/or
C,,.o 3-OH; summed feature 8, C,, ,w7c and/or C,, wbc.

acid componentssuchasC, ,C, and C,  6,9¢ (Table 3).
In conclusion, although the 16S rRNA gene sequence of strain
B6" was very similar with those of other Acetobacter type
strains, the core genome-based phylogenomic tree, the ANI
and in silico DDH values, and phenotypic features suggest that
strain B6 represents a novel species of the genus Acetobacter,
for which the name Acetobacter oryzoeni sp. nov. is proposed.

DESCRIPTION OF ACETOBACTER ORYZOENI
SP. NOV.

Acetobacter oryzoeni [o.ryz.oemni. Gr. fem. n. oryza rice;
Gr. masc. n. oenos wine; N.L. gen. n. oryzoeni of rice wine
(vinegar)].

Cells are Gram-stain-negative, obligately aerobic, non-motile
and oval short rods (0.9-1.1 pm wide and 1.3-1.4 um long).
Catalase-positive and oxidase-negative. After incubation at 30
°C for 2 days, colonies on YPGDE agar are beige-coloured,
round, convex, non-glossy and smooth. Growth occurs
at 15-45 °C (optimum, 30 °C) and pH 3.5-8.0 (optimum,
pH 5.5-6.5). Able to grow in the presence of 10 % ethanol.
Unable to grow on yeast extract with 30 % p-glucose and on
medium with ammonium as the sole nitrogen source. Does
not produce 2-keto-p-gluconic acid and 5-keto-D-gluconic
acid from D-glucose. Able to grow on glycerol as a sole
carbon source, but not on p-fructose, D-sorbitol, maltose
and methanol. Produces acids from p-mannose, D-glucose,
D-xylose and D-galactose, but not from Dp-arabinose. Major
isoprenoid quinone is Q-9. Major fatty acids are summed
feature 8 (comprising C, . ®7c and/or C, ,@w6¢) and C_ .

The type strain is B6" (=KACC 21201"=JCM 33371"), isolated
from a Korean rice wine vinegar in South Korea. DNA G+C
content of the type strain is 53.1 mol% (genome). GenBank
accession numbers for the 16S rRNA gene and genome
sequences of strain B6" are MK367404 and CP042808-11,
respectively.
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