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ABSTRACT

he genus Oceanobacillus remains one of the least
understood groups of Bacillaceae due to limited
information and a scarcity of accessions. With the full
genome sequencing and partial phenotypic
characterization of the cellulase and brown-pigment-
producing Oceanobacillus sp. SE10311, an isolate from Mount
Makiling, this study provided taxonomic, genomic, and
functional insights into this bacterial discovery. The results
showed that Oceanobacillus sp. SE10311 draft genome
contained 3.946 million base pairs assembled from 137 contigs
and 39.30 percent G+C. The whole genome phylogeny and
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pangenome analyses revealed the identity of Oceanobacillus sp.
SE10311 as an isolate of Oceanobacillus indicireducens with
greater than 98% genome similarity to the type strain of the
species. The confirmed presence of the associated genes from
the genome annotation rationalized the pigmentation and
cellulose degradation of Oceanobacillus sp. SE10311. This
research milestone presents Oceanobacillus sp. SE10311, with
distinct chromogenic and cellulolytic properties as a completed
whole genome-sequenced bacterial accession from the
Philippines.

INTRODUCTION

Mount Makiling, situated at 14.136389 latitude and 121.194444
longitude, is a biodiversity-rich dormant volcano fifty
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kilometers south of Manila, Luzon Island, The Philippines. A
significant part of the mountain, managed as a reserve by the
University of the Philippines Los Bailos, serves as a habitat for
unique flora, fauna, and microorganisms (Magcale-Macandog et
al. 2020, Gonzalez et al. 2020). The microenvironment of Mt.
Makiling drove the evolution of distinct biological assemblages
across various habitats. Interestingly, numerous studies
indicated Mount Makiling as a steady source of novel microbial
species, including archaea (Lantican et al. 2011, Montecillo et
al. 2019), bacteria (Gatpatan et al. 2021), and fungi (Solis et al.
2015). This study is no exception, and it continuously proves
Mount Makiling is a vibrant host to rare bacteria, as our group
isolated a bacterium we identified as Oceanobacillus.

The Oceanobacillus is a remarkable genus in the family
Bacillaceae for its diversity and adaptability in distinctive
environments. Reports showed that Oceanobacillus may live in
fermented products (Namwong et al. 2009, Whon et al. 2010,
Akuzawa et al. 2016, Hirota et al. 2013b, Hyun et al. 2015,
Akuzawa et al. 2016), plant crops rhizospheres (Albdaiwi et al.,
2019, Alhindi and Albdaiwi, 2022), marine ecosystems (Lu et
al. 2001, Yu et al. 2014, Seghal Kiran et al. 2014, Yongchang et
al. 2015, Yu et al. 2019, Subramanian and Maruthamuthu,
2019), salt lakes (Rohban et al. 2009, Amoozegar et al. 2014,
Amoozegar et al. 2016a, Amoozegar et al. 2016b, Didari et al.
2020, Zhu et al. 2020), saline-alkali soils (Gan et al. 2018, Gan
et al. 2021, Jin et al. 2022, OuYang et al. 2022), gut microbiota
(Kumar Mondal et al. 2017), dairy products (Mayr et al. 2000),
food production equipment (Tominaga et al. 2009), mining sites
(Mwandira et al. 2019, Mwandira et al. 2020) among others.
Despite these reports, the presence of Oceanobacillus in the
Philippines still awaits confirmation backed up by genomic
sequencing and phenotypic data.

While genomic information about Oceanobacillus has grown
considerably in recent years, as described in 81 NCBI whole
genome accessions (before this report), much work remains. The
ecological and functional significance of Oceanobacillus among
microbes represents an area ripe for further discovery and
exploration. The current collection of Oceanobacillus presents
interesting functional properties like antifungal (Alhindi and
Albdaiwi 2022), antimicrobial, and remarkable tolerance to
extreme environmental conditions.

In this study, we reported the draft genome of Oceanobacillus sp.

SE10311, notably with brown pigmentation and cellulolytic
activity. Average Nucleotide Identity (ANI) revealed that the
isolate has >98% genome similarity to Oceanobacillus
indicireducens JCM 172517, Pangenome analysis of the isolate
indicated close associations of the core and accessory genomes
to Oceanobacillus indicireducens. The phenotypic characters
found to have putative genes concurrently expressed in the draft
genome of the Oceanobacillus sp. SE10311  offers
rationalizations for its cellulase production and brown
pigmentation. Other bioactivity-related genes found that are of
possible interest include arsenic metallo-regulation and
vancomycin resistance activities. This research milestone
chronicled the isolation and characterization of Oceanobacillus
sp. from Mount Makiling, providing insights into its genome
architecture, functional properties, and ecology.

MATERIALS AND METHODS

Collection of the Strain Used in the Study

Oceanobacillus sp. SE10311 is a bacterial accession
(BIOTECH 10857) from the Philippine National Collection of
Microorganisms, National Institute for Molecular Biology and
Biotechnology, University of the Philippines Los Bafios,
College, Los Bafios, Laguna, Philippines. It was isolated from

the Mt. Makiling Forest Reserve, Philippines (14.102713,
121.201460), particularly from Sipit Creek sediments. Sampling
occurred within a five-meter by five-meter plot transect on 10
September 2019. To maintain sample integrity, the collected
specimens were transported on ice to the laboratory and stored
at 4°C before plating. Analyses were conducted within six hours
of sample collection.

Sediment samples, suspended in sterile distilled water, were
serially diluted up to 10°. Aliquots of 100 pl were spread plated
in 10 replicate plates of modified peptone yeast extract glucose
agar (mPYGA) without phosphate incubated at 30°C for 30 days
(Tanaka et al. 2014). The plates were supplemented with 10 ppm
cycloheximide. Colonies that grew after three days of incubation
were randomly selected and purified on mPYGA. Pure cultures
were maintained on tryptic soy agar (TSA).

Phenotypic Characterization and Related Assays

In conjunction with a colorimetric reagent card (BCL), the
Biomerieux VITEK 2 Compact Identification System
determined the bacterial isolate's partial identity and phenotypic
characteristics through an automated growth-based system. The
BCL contains 64 wells with an individual test substrate
measuring various metabolic activities, for example,
acidification, alkalinization, and enzymatic hydrolysis, that
specifically determines characteristics of spore-forming Gram-
positive bacilli and related genera. The pure bacterial colonies
were initially grown TSA for 48 hours, 30. Cells were harvested
using sterile swabs, and the cells were suspended in 3.0 mL
sterile saline (0.45% NaCl, pH 4.5-7.00) in clear polystyrene
tubes (within the 1.80-2.20 McFarland Turbidity Range MTR
checked using a DensiCheck® reader. The tube and a BCL card
were placed into the designated carousel and loaded into the
VITEK 2 Compact Identification System. The test reactions
proceeded with calculations comparing raw data and reaction
thresholds for each test spanning 11-18 hrs (for BCL cards). The
results were run against the installed VITEK 2 databases of well-
characterized microbial strains tested in various culture
conditions. The analytical workflow tests the data from the
unknown culture compared to the database, determining a
quantitative value for proximity to a database taxon. Follow-up
assays further characterizing the phenotype included pigment
production, lipase activity, and cellulase activity. Water-soluble
pigment production was monitored in TSA cultures grown for
1-2 weeks at 30°C.

Observations for lipase activity were made on 7-14-day-old
streak plates of the isolates grown in Sierra's medium with
Tween 80 at 30°C. A positive result for lipolytic activity was
indicated by the presence of precipitation zones on the medium
around the inoculation area.

Cellulase activity was monitored by flooding with 1% Congo
red solution and subsequent washing with 1M NaCl of 7-14 day-
old streak plates of the isolates grown in Carboxymethyl
Cellulase Agar at 30°C. The presence of clearing zones around
the inoculation area indicates cellulase production.

Genomic DNA Isolation, Library Preparation, and Sequencing
Bacterial total genomic DNA (gDNA) was prepared from a
verified single colony isolate grown on liquid tryptic soy broth
medium for 72 hours using the NucleoSpin® Microbial DNA
Isolation Kit (Macherey-Nagel), following the manufacturer's
instructions. The gDNA quantification, quality assessment, and
sequencing were done at Macrogen Inc. (Seoul, South Korea).
Specifically, the gDNA generated libraries with TruSeq Nano
DNA (350) proceeded with sequencing via the Illumina
NextSeq® platform, resulting in short sequence paired-end
reads at 100 bp length. Initially, the purified DNAs were sent to
Macrogen Inc., which met quality control standards, to proceed
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to library preparation. The SE10311 DNA underwent random

fragmentation and ligation with TruSeq Nano DNA 350 adapters.

The SE10311 ligated fragments obtained 70nM concentration
with sizes 639 bp (Supplemental Figure 1A) were loaded into
the flow cell for cluster generation, and the fragments were
amplified into clonal clusters via bridge amplification, which
ultimately served as sequencing templates. The Illumina
NextSeq® 1000 platform proceeded sequencing by synthesis.
This proprietary technology allowed terminator-based
sequencing to accurately detect single nucleotide addition into
DNA template strands as a massively parallel sequencing
procedure. The generation of raw reads underwent a real-time
analysis of sequence control and base calling (BCL), which then
converted the BCL files into FASTQ files with adapters. The
SE10311 yielded 5,204,444 total reads from 525,648,844 bp
total bases, with 39.1% GC, 99.3% Q20, and 98.6% Q30 values
(Table 1, Supplemental Figure 1B). The Q20 and Q30 values
indicate the ratios of bases with PHRED quality scores of over
20 (1/100 error rate) and over 30 (1/1000 error rate).

Downstream Processing of Sequence Reads

The sequence reads underwent downstream processing, which
included 1) preprocessing, quality trimming and variant calling;
2) de novo assembly; 3) gene calling and annotation; 4) genome
mapping and plot construction; and 5) genome completeness
auditing. The FastQC (Andrews 2010) and Trim Galore version
0.6.7 (Krueger 2015) programs assessed the short sequence
reads, trimmed adaptor sequences, and removed bad reads. The
quality reads are then assembled de novo assembly using
SPAdes V3.13.0 (Bankevich et al. 2012), followed by polishing
using the Pilon version 1.23 (Walker et al., 2014), implemented
in UniCycler 0.5 (Wick et al. 2017). The software checkM v.
V1.2.2 (Parks et al. 2015) and BUSCO (Manni et al. 2021)
assessed genome completeness, while QUAST V5.2.0
(Gurevich et al. 2013) generated the assembly statistics.
MGCplotter (Shimoyama 2022) developed the genome plot map
(Supplemental Figure 3). Gene calling and annotation of the
draft genome utilized the Prokka V1.14.5 (Seemann, 2014) for
amino acid sequence prediction, followed by mapping into
different functional categories like KO, COG, and enzymes
using the eggnog mapper V-2.1.3 (Heurta-Cepas et al. 2017)
against the eggnog Database 5 (http://eggnog5.embl.de/).

Comparative Genomics Analyses and Functional Annotation
The United States Department of Energy Systems Biology
Knowledgebase (KBase) (Arkin et al. 2018), a repository of
bioinformatics platforms, generated comparative genomics
reports, particularly phylogenetics and pangenomics analyses.
The FastANI v0.13 tool (Jain et al. 2018) was used to compute
the Average Nucleotide Identity (ANI) of whole genomes,
relying on the identities of orthologous genes among genomes
to demarcate interspecies relations. Parallel runs of Classify
Microbes with GTDB-Tk - v1.7.0 (Chaumeil et al. 2020)
revealed the taxonomic identity of Oceanobacillus sp. SE10311.
Further, an extended phylogenetic tree construction for the
whole genomes of Oceanobacillus species was carried out using
the Species Tree Builder and the Type (Strain) Genome Server
(TYGS) (Meier-Kolthoff and Goker, 2019) accessible at
https://tygs.dsmz.de.

The pangenome construction utilized the different modules of
the KBase (Arkin et al. 2018), which included Build Pangenome
with OrthoMCL - v2.0v0.0.8 (Chen at al. 2006). This genome-
wide algorithm grouped orthologous protein sequences for
complete annotation of genomes. In addition, the Genomes from
Pangenome v0.0.7 tool allowed genomic comparison of the
genome in question against a given set of reference genomes,
considering their functions and sequences. This process
organized the homologous protein families with similar putative
functions, distinguishing genomes for improved genome

characterization. Specifically, the comparison classified proteins
into families with potential activities, validating homologous
protein groups with inconsistent annotations or identifying
consistently annotated proteins lacking substantial sequence
similarity. The tool determined the extent of gene conservation
among an input set of genomes, comprehended genome
evolution and adaptation to their unique environments, and
identified novel genes and fascinating biology in the context of
related genomes. The antiSmash 7.0 (Blin et al. 2023) web
version scanned the genomes for secondary metabolite gene
clusters with secondary referencing to published in silico
predictors of secondary metabolites.

Accessions in NCBI

The genome data, including the short sequence reads and the
draft assembly, are accessible at GenBank with accessions
BioProject ID PRINA 1045277, BioSample ID SAMN38440221,
SRA ID SRR27027422, and Genome ID JAXHDB000000000.
Unless specified, this manuscript used the Version 01 of the
NCBI data.

RESULTS AND DISCUSSION

The draft genome of Oceanobacillus sp. SE10311 contained 137
contigs totaling 3.946 million bp (mbp) and a G+C content of
39.30 percent. The Oceanobacillus sp. SE10311 genome size
falls within the 3.343 (Oceanobacillus halotolerans) (Zhu et al.
2020) to 5.1679 (Oceanobacillus jeddahense) (Khelaifia et al.
2016) mbp range as sizes of Oceanobacillus species (4.155 mbp
average) in the NCBI Genomes Database (accessed August
2023). Oceanobacillus limi IBRC-M 10780 (Amoozegar et al.
2014), with a size of 3.914 mbp, is the closest in size to
Oceanobacillus sp. SE10311. The G + C content also
approximates the average for members of Oceanobacillus. The
projected number of coding genes was 3,880, consisting of 3,822
protein-coding genes. Additionally, the genome is anticipated to
include 54 transfer RNAs (tRNAs) and three ribosomal RNAs
(rRNAs), comprising seven 5S, one 16S, and one 23S. The
primary characteristics of the genome are listed in Table 1.

Table 1: Genomic profiles of Oceanobacillus sp. SE10311 by
Prokka v. V1.14.5 (Seemann 2014) of the NCBI Prokaryotic
Genome Annotation Pipeline (PGAP), annotation date 11/30/2023
20:03:37

Genome Features Values

Total bases, bp (Mb) 5,204,444 bp (520.4 Mb)

Number of raw reads 525,648,844
Sequence read 250.0x
coverage

Number of reads after | 99.3/98.6
trimming

(Q20/Q30, %)
Genome size, bp (Mb) | 3,946,157 bp
(3.9 Mb)

G + C content (%)* 39.5

Nso contig length, bp 61,765 bp
(kb) (61.8 kb)
Lso contig 18
Number of contigs 137
CheckM analysis 67.96%
v1.2.2

genome

completeness

CheckM analysis 13.15%
v1.2.2

genome

contamination

BUSCO genome 99.19% (123/124)

completeness*
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Number of genes 3,913

(total)

Number of CDS (total) | 3,851

Number of genes 3,767

(coding)

Number of CDS (with 3,767

protein)

Number of genes 62

(RNA)

rRNAs 1,1, 1 (5S, 16S, 23S)

tRNAs 54

ncRNAs 5

Pseudo genes 84

CRISPR Arrays 2

BioProject accession PRJNA1045277

SRA accession SRX22719256
SRR27027422

BioSample accession | SAMN38440221

GenBank JAXHDB000000000

accession

Notes: * Refer to Supplemental Figure 2. for further details

Many of the predicted genes with annotation are involved in the
metabolism of amino acids, namely active arylamidase activities,
indicating several catalytic hydrolysis paths of N-terminal
amino acids in amides, arylamides, and peptides, contrasting to
the isolate's limited abilities for carbohydrate metabolism. Such
observations correspond to the affinity of Oceanobacillus
species to thrive in limiting and extreme environments where
alternative energy sources are utilized, such as amino acids. In
some instances, Oceanobacillus sp. carries carbohydrate-related
genes like xylose, fructose, chitin, etc. More limitedly, the
Oceanobacillus  jordanicus (Alhindi and Albdaiwi, 2022)
exhibit photosynthetic electron transporters, quinone cofactors,
phylloquinone, menaquinone biosynthesis on top of the genes
involved in the acquisition of nitrogen, sulfur, phosphate, iron,
and plant hormone auxin for marked plant-bacteria symbiotic
interaction. These substrate utilization traits demonstrate the
diversity of Oceanobacillus species. Table 2 presents the
phenotypic features of Oceanobacillus sp. SE10311 relative to
carbon and nitrogen utilization, along with the results of other
related assays.

Table 2: Phenotypic profiles of Oceanobacillus sp. SE10311.
Phenotypic Test SE10311
B-Xylosidase
L-Lysine-Arylamidase
L-Aspartate Arylamidase
Leucine Arylamidase
Phenylalanine Arylamidase
L-Proline Arylamidase
B-Galactosidase
L-Pyrrolidonyl-Arylamidase
a-Galactosidase
Alanine Arylamidase
Tyrosine Arylamidase
B-N-Acetyl-Glucosaminidase -
Ala-Phe-Pro Arylamidase +
Cyclodextrine -
D-Galactose -
Glycogene -
myo-Inositol -
Methyl-a-D-Glucopyranoside -
Acidification
Ellman +
Methyl-D-Xylosidase -

+ [+

=~
1
N—

+

+ |

+ [+

a-Mannosidase -
Maltotriose -
Glycine Arylamidase -
D-Mannitol -
D-Mannose -
D-Melezitiose -
N-Acetyl-D-Glucosamine -
Palatinose -
L-Rhamnose -
B-Glucosidase -
B-Mannosidase -
Phosphoryl Choline -
Pyruvate -
a-Glucosidase -
D-Tagatose -
D-Trehalose -
Inulin -
D-Glucose -
D-Ribose -
Putrescine Assimilation -
Growth in 6.5% NaCl -
Kanamycin Resistance -
Oleandomycin Resistance -
Esculin Hydrolysis -
Tetrazolium Red -
Polymyxin B Resistance -
Additional Tests

Cellulase* +

Lipase -

Pigment** brown
Notes:

(-) = weak negative, reaction slightly above detection threshold

* Genome annotation auditing conducted for the presence of
cellulolytic genes

** Genome annotation auditing conducted for the presence of
chromogenic genes

As shown in Figure 2, the whole-genome phylogenetic analysis
demonstrates the close relationship of Oceanobacillus sp.
SE10311 with Oceanobacillus indicireducens JCM 172517
(Hirota et al. 2013a). Genomic signatures corroborated the
evidence that placed Oceanobacillus sp. SE10311 as a close
relative of Oceanobacillus indicireducens JCM 172517 and
Oceanobacillus sp. AG. The FAST Average Nucleotide Identity
(ANI) computation (Table 3) showed the same result. The whole
phylogenomic alignments and the FAST ANI reports differ in
the most closely identified relative of Oceanobacillus sp.
SE10311. Such variations may stem from differences in the
algorithms employed by the two methods. With less than one
percent differences in the ANI values, the relational proximity
of the three strains is indistinguishable. Further, the Type
(Strain) Genome Server (TYGS) digital DNA: DNA
hybridization (dDDH) values confirmed the identity of
Oceanobacillus sp. SE10311 as strain of Oceanobacillus
indicireducens at 79.4% D4, dDDH. Figure 3 shows the
generated GBDP trees related to the TYGS analysis. The
similarities in taxonomic genome features, such as size and G+C
content, led us to conclude that the identified isolate represents
a new strain of Oceanobacillus indicireducens.
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Table 3: FAST ANI (Arkin et al. 2018) computed Average Nucleotide Identity (ANI) estimation of the Oceanobacillus sp. SE10311 genome compared

to the most closely associated Oceanobacillus sp. as identified in the whole genome phylogenetic analysis.

Query Reference ANI Estimate | Matches | Total
Oceanobacillus alkalisoli APA_J-2 (6-2) Oceanobacillus sp. AG 85.2697 830 1217
Oceanobacillus sp. AG Oceanobacillus alkalisoli APA_J-2 (6-2) 85.3008 830 1230
Oceanobacillus alkalisoli APA_J-2 (6-2) Oceanobacillus sp. SE10311 85.3299 840 1217
Oceanobacillus_sp._SE10311 Oceanobacillus alkalisoli APA_J-2 (6-2) 85.3468 850 1245
Oceanobacillus alkalisoli APA_J-2 (6-2) Oceanobacillus indicireducens JCM17251 85.4871 855 1217
Oceanobacillus indicireducens JCM17251 Oceanobacillus alkalisoli APA_J-2 (6-2) 85.4955 853 1248
Oceanobacillus indicireducens JCM17251 Oceanobacillus sp. AG 97.2239 1024 1248
Oceanobacillus sp. AG Oceanobacillus indicireducens JCM17251 97.2887 1020 1230
Oceanobacillus indicireducens JCM17251 Oceanobacillus sp. SE10311 97.3568 1017 1248
Oceanobacillus sp. SE10311 Oceanobacillus indicireducens JCM17251 97.3642 1022 1245
Oceanobacillus sp. AG Oceanobacillus sp. SE10311 98.1694 1020 1230
Oceanobacillus sp. SE10311 Oceanobacillus sp. AG 98.1814 1028 1245

The pangenome analysis performed in two steps showed the
collection of all genes found among related organisms grouped
by sequence homology. In the first step, the construction focused
on identifying genes that are the most common among the
genomes of Oceanobacillus sp., including the Oceanobacillus
sp. SE10311 (Figure not shown). Specifically, when
Oceanobacillus  sp. SE10311 and its clonal isolate,
Oceanobacillus sp. MO10714-A were compared with the 37
NCBI Oceanobacillus reference genomes, and a total of 27,068
families were identified. Among these, 17,213 were homolog
families, and 9,855 were singleton families. The analysis
encompassed a total of 147,594 translatable genes, with 137,739
being classifiable into homolog families.

In the second step, the pangenome construction is composed of
Oceanobacillus sp. SE 10311 and closely related species,
namely, Oceanobacillus sp. AG, Oceanobacillus indicireducens
JCM 172517, Oceanobacillus ~alkalisoli APJA-2T with
Oceanobacillus iheyensis HTE831 as an outer group identified
during the whole-genome alignment stage (Figure 4). This
comparison highlighted the distinct features of Oceanobacillus

Table 4: Unique protein functions found in Oceanobacillus sp. SE10311.

sp. SE 10311 against its closely identified strains. Specifically
for Oceanobacillus sp. SE10311, the analysis revealed 3,843
homologous genes out of 3,870 genes. Further comparison of the
Oceanobacillus  sp. SE10311 genome against the
Oceanobacillus sp. pangenome identified 52 singletons (unique
sequences, Table 4), providing additional evidence suggesting
Oceanobacillus sp. SE10311as a distinct isolate of
Oceanobacillus indicireducens. The pangenome analysis further
confirmed that the earlier whole genome alignment result was
closely associated with Oceanobacillus sp. SE10311 with
Oceanobacillus indicireducens ICM 172517 and
Oceanobacillus sp. AG. The reported high number of singletons
in Oceanobacillus sp. SE10311 implies interesting biological
and functional importance. The singletons suggest horizontal
gene transfer events, gene acquisition, or loss outcomes. The
Oceanobacillus sp. SE10311, as isolated from volcanic soil,
may have to expand genomes due to increased opportunities for
gene acquisition to find new traits enhancing strain flexibility
and fitness (Cummins et al. 2022).

Representative Protein Function Count of Representative Count of
Function SE10311
(153310/2/1)

Transporter, LysE family 0.05% 2
Site-specific recombinase 0.03% 2
Transcriptional regulator, Xre family 0.03% 2
Type lll restriction-modification system DNA endonuclease res (EC 0.05% 2
3.1.21.5)

Putative amino-acid transporter YisU, LysE family 0.05% 2
F1G01233583: hypothetical protein 0.03% 2
Acetylornithine deacetylase (EC 3.5.1.16) 0.03% 2
B-ureidopropionase (EC 3.5.1.6) 0.03% 2
Transketolase, N-terminal section (EC 2.2.1.1) 0.02% 1
Vancomycin (or other glycopeptides) histidine kinase VanS => 0.02% 1
VanF/M-type

Streptogramin B lyase (EC 4.2.99.-) => Vgb(B) 0.02% 1
Transposase subunit 0.02% 1
transposase, 1S605 family 0.02% 1
Sulfite reductase, assimilatory-type (EC 1.8.-.-) 0.02% 1
Tagatose-6-phosphate kinase (EC 2.7.1.144); 1-phosphofructokinase 0.02% 1
(EC 2.7.1.56)

Thid/Pfpl family protein 0.03% 1
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Uncharacterized membrane protein YmcC 0.02% 1
Serine/threonine protein phosphatase (EC 3.1.3.16) 0.02% 1
YoeB toxin protein 0.02% 1
Ribulose-5-phosphate 4-epimerase and related epimerases and 0.02% 1
aldolases

Vancomycin (or other glycopeptides) response regulator VanR => 0.02% 1
VanF/M-type

Zinc ABC transporter, ATP-binding protein AdcC 0.02% 1
Zinc ABC transporter, permease protein AdcB 0.02% 1
Putative EsaC protein analog (Listeria type 3) 0.02% 1
putative lantibiotic ABC transporter, permease protein 0.02% 1
Repressor CsoR of the copZA operon 0.02% 1
Prophage Clp protease-like protein 0.02% 1
Putative glycosyltransferase 0.02% 1
Putative sodium-dependent transporter 0.02% 1
Permease 0.02% 1
Lipid A export ATP-binding/permease protein MsbA 0.02% 1
Integrase 0.02% 1
Integrase/recombinase, RitC 0.02% 1
FIG01114076: hypothetical protein 0.02% 1
F1G01228292: hypothetical protein 0.02% 1
F1G01240914: hypothetical protein 0.02% 1
FIG01247172: hypothetical protein 0.02% 1
F1G131328: Predicted ATP-dependent endonuclease of the OLD family 0.02% 1
hypothetical cytosolic protein 0.02% 1
D-Ala-D-Ala dipeptidase/carboxypeptidase (EC 3.4.16.4)(EC 3.4.13.22) 0.02% 1
=> VanXY-unclassified

Carbohydrate kinase, FGGY family 0.02% 1
Acetyltransferase, GNAT family 0.02% 1
Acetylxylan esterase related enzyme 0.02% 1
a-xylosidase (EC 3.2.1.177) 0.02% 1
Anhydro-N-acetylmuramic acid kinase (EC 2.7.1.170) 0.02% 1
Arsenical resistance operon repressor 0.02% 1
Arsenite/antimonite pump-driving ATPase ArsA (EC 3.6.3.16) 0.02% 1
Arsenic metallochaperone ArsD, transfers trivalent metalloids to ArsAB 0.02% 1
pCLIJa:zz Il aldolase/adducin domain protein 0.02% 1
COGs COG2843 0.02% 1
Cyanophycin synthetase (EC 6.-.-.-) 0.02% 1
Cadmium efflux system accessory protein 0.02% 1

In the second step, the pangenome construction is composed of
Oceanobacillus sp. SE 10311 and closely related species,
namely, Oceanobacillus sp. AG, Oceanobacillus indicireducens
JCM 172517, Oceanobacillus alkalisoli APJA-2T with
Oceanobacillus iheyensis HTE831 as an outer group identified
during the whole-genome alignment stage (Figure 4). This
comparison highlighted the distinct features of Oceanobacillus
sp. SE 10311 against its closely identified strains. Specifically
for Oceanobacillus sp. SE10311, the analysis revealed 3,843
homologous genes out of 3,870 genes. Further comparison of the

Oceanobacillus  sp. SE10311  genome against the
Oceanobacillus sp. pangenome identified 27 singletons (unique
sequences, Table 4), providing additional evidence suggesting
Oceanobacillus sp. SE10311as a distinct isolate of
Oceanobacillus indicireducens. The pangenome analysis further
confirmed that the earlier whole genome alignment result was
closely associated with Oceanobacillus sp. SE10311 with
Oceanobacillus indicireducens ICM 172517 and
Oceanobacillus sp. AG.
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The phenotypic assays presented two noteworthy properties of
Oceanobacillus sp. SE10311 (Table 2), prompting further
validation of the genome annotation to confirm the existence of
genes expressing these phenotypes. The first distinctive
functional property observed in SE10311 is the production of a
soluble brown pigment (Figure 1A). The annotated genes linked
to the brown pigmentation of Oceanobacillus sp. SE10311
include cyanophycin synthetase, naphthoate synthase,
dihydroxynaphthoic acid synthetase, menA: 1,4-dihydroxy-2-
naphthoate  octaprenyltransferase and MenG_heptapren:
demethylmenaquinone methyltransferase with 20 occurrences in
the genome assembly. As previously reported, Oceanobacillus
longus sp. nov. exhibited brown pigmentation (Amoozegar et al.
2016a). Chromogenicity, as observed in Bacillaceae
(Drewnowska et al. 2015) and other microorganisms (Rao et al.
2017), suggests several possibilities of bioactivities, for example,
UV protection, stress tolerance, and antimicrobial action.

Second is the cellulase activity of Oceanobacillus sp. SE10311
(Figure 1B). An audit of the glycoside hydrolases in the
Oceanobacillus sp. SE10311 annotated genome confirmed their
presence in multiple copies. Found in the annotation is 6-
phospho-B-glucosidase, a gateway cellulolytic gene classified
from Carbohydrate-Active enZYmes (CAZy) database. Though
other primary cellulolytic genes like -1,4-endoglucanase, and
cellobiohydrolases were absent, the presence of cryptic 6-
phospho-p-glucosidase, 6-phospho-3-galactosidase, etc. may
indicate the existence of an alternative cellulose degradation
pathway. Other minor genes with possible affinity to cellulase
activity include cyclic B-1,2-glucan ABC transporter, putative

A)

B)

bifunctional  4-a-glucanotransferase/malto-oligosyltrehalose
synthase. Generally, the genomic and phenotypic evidence on
Oceanobacillus sp. SE10311 cellulase activity concurs with
observations that the Bacillaceae have inherent cellulolytic
properties (Fatani et al. 2021).

Figure 1: Oceanobacillus sp. SE10311 cultures showing A) brown pigmentation formation and B) cellulase activity.
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The AntiSMASH (Seemann 2014) secondary metabolite
detection algorithm predicted two putative type-III polyketide
synthase sites and a lanthipeptide class-II,
mersacidinbiosynthetic type, and linear azol(in)e-containing
peptides (LAP). Figure 5 illustrates the gene flanking regions of
the antimicrobial genes present in Oceanobacillus sp. SE10311.
These annotation features were accounted as validated
polyketide p-ketoacyl: acyl carrier protein synthase and
polyketide biosynthesis enol-CoA hydratase distributed in 19
locations of the genome assembly. In addition, the annotation
identified lanti 2 LanM: type 2 lantibiotic biosynthesis protein
LanM, and a putative lantibiotic ABC transporter, permease
protein both located at contig 5, suggesting peptide lantibiotic
production capability of Oceanobacillus sp. SE10311. These
lantibiotics may include the synthesis of mesolanthionine, 3-
methyllanthionine, dehydroalanine, and dehydrobutyrine, which

are identifiable in some Gram-positive bacteria, including
Bacillaceae. Also, antibiot sagB: SagB-type dehydrogenase
domains exist in contigs 5 and 39 of the Oceanobacillus sp.
SE10311 genome assembly. We hypothesize that these
genomic features can work synergistically to produce
antimicrobial actions against other bacteria.

This result concurs with previous reports highlighting the broad-
spectrum antimicrobial properties observed in
Oceanobacillus species. As an example, Oceanobacillus
oncorhynchi subsp. incaldanensis (J18TS1) was identified with
four putative macrolide resistance genes and exhibited >256
MIC to LS and LCM (Okamoto et al., 2021). Another instance
is Oceanobacillus iheyensis, the source of a highly proficient
class A B-lactamase OIH-1 (Toth et al. 2010, Toth et al. 2009).
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Figure 5: antiSMASH (Blin et al. 2023) Prediction of Secondary Metabolite Genes Putatively Conferring Antimicrobial Activity of Oceanobacillus sp.

SE10311.

The Oceanobacillus species collectively features diverse genes
involved in detoxification and stress protection against heavy
metals like cobalt, zinc, cadmium, and chromium (Sami et al.
2021, Diba et al. 2021, Menasria et al. 2019). Specifically,
Oceanobacillus sp. SE10311 carries two types of metallo-
regulator genes targeting arsenic and cadmium. The identified
genes include the arsenical resistance operon repressor, arsenic
metallochaperone ArsD, which transfers trivalent metalloids to
the ArsAB pump, arsenite/antimonite pump-driving ATPase
ArsA (EC 3.6.3.16), and the cadmium efflux system accessory
protein. Hypothetically, Oceanobacillus sp. SE10311 is more
efficient in detoxifying arsenate, arsenite, and antimonite (Table
4).

As earlier indicated, Oceanobacillus species harbor genes for
antibiotic resistance. Specifically, Oceanobacillus sp. SE10311
has a singleton gene, vancomycin (or other glycopeptides)
histidine kinase VanS => VanF/M-type for vancomycin
resistance. VanS is a Class-I HK that is membrane-bound and
homodimeric and consists of a periplasmic domain, a
transmembrane (TM) domain with two transmembrane helices,
a linker region/HAMP domain, a dimerization and histidine
phospho-acceptor (DHp) domain, and a catalytic ATP-binding
(CA) domain (Guffey and Loll 2021). These domains contribute
to the HK's signal detection, signal transduction, and catalytic
activity. The VanS protein crystallographic structures are

currently unavailable.

CONCLUSION

In summary, this study reported the whole genome sequence
draft of Oceanobacillus sp. SE10311, subsequently identified as
a strain of Oceanobacillus indicireducens. Phenotyping,
genome annotation, and comparative analyses identified
antimicrobial genes, resistance genes to [-lactamase and
vancomycin, and arsenic and cadmium responsive regulators in
the Oceanobacillus sp. SE10311. Notably, this study represents
the first attempt at comparative genomics between strains of O.
indicireducens.
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SUPPLEMENTAL FIGURES

A)
Arrival Date 2022-11-17 Experiment Date 2022-12-02 Tested by JYH
Comment LightCycle gPCR
. . Conc. Conc. Size *
# Library Name Library Type (ng/ul) (aM) (bp) Result
1 SE10311 TruSeq Nano DNA (350) 29.28 70.5 639 Pass
Ec"g,f&'ggﬂt TapeStation D1000 Screen Tape
Click to Enlarge =>1:Library : SE10311
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B)
Sample ID Total bases(bp) Total reads GC(%) AT(%) Q20(%) Q30(%)
SE10311 525,648,844 5,204,444 39.1 60.9 99.3 98.6

- Sample ID : Sample name.

- Total bases(bp) : Total number of bases sequenced.

- Total reads : Total number of reads. For illumina paired-end sequencing, this value refers to the sum of read1 and read2.
- GC(%) : Ratio of GC content.

- AT(%) : Ratio of AT content.

- Q20(%) : Ratio of bases that have phred quality score of over 20.

- Q30(%) : Ratio of bases that have phred quality score of over 30.

Supplemental Figure 1: Sample SE10311 Reports on A) DNA Library Quality Control and B) Raw Sequence Reads Data (Macrogen, South Korea)
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BUSCO Assessment Results
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Supplemental Figure 2: Oceanobacillus sp. SE10311 Genome Assessment Results, A) BUSCO Assessment Result of SE10311 and B) Assembly
GC Content
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Supplemental Figure 3: Genome plot map of Oceanobacillus sp. SE10311.
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