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Abstract

Enterococcus alishanensis INUCC 77 (=BLH10) was isolated from the flowers of Zinnia elegans
collected at Ilchul Land, Jeju Island, Republic of Korea. Whole-genome sequencing was
conducted to clarify its taxonomic position, genomic composition, and adaptive metabolic
potential. The assembled genome comprised five contigs totaling 3.86 Mb, witha G + C
content of 35.6% and 100% completeness. Genome-based phylogenomic analyses using
the Type Strain Genome Server (TYGS) and digital DNA-DNA hybridization (dDDH)
confirmed that strain JNUCC 77 belongs to E. alishanensis. Functional annotation revealed
enrichment of genes related to transcriptional regulation, carbohydrate metabolism, repli-
cation, and DNA repair, suggesting a lifestyle adapted to oxidative and UV-exposed
floral habitats rather than pathogenic competitiveness. Genome mining with antiSMASH
identified two putative biosynthetic regions associated with terpenoid and isoprenoid
metabolism, which are commonly linked to redox regulation and cellular protection. These
genomic features indicate that E. alishanensis JNUCC 77 has evolved a metal-assisted,
redox-regulated survival strategy suitable for floral microenvironments. Given its origin
from vibrant flowers and its genomic potential for redox-protective metabolism, this strain
represents an attractive microbial resource for future development of nature-inspired post-
biotic and cosmeceutical ingredients that align with the clean and eco-friendly image of
flower-derived biotechnologies.

Keywords: Enterococcus alishanensis; whole-genome sequencing; terpenoid biosynthesis;
redox regulation; cosmeceutical application

1. Introduction

The genus Enterococcus comprises Gram-positive, facultatively anaerobic lactic acid
bacteria that inhabit a wide range of ecological niches, including soil, water, plants, and
animal hosts [1]. Traditionally known as intestinal commensals or fermentative organisms,
several Enterococcus species have gained increasing attention for their functional bioactivi-
ties and industrial applicability [2,3]. Many strains produce bacteriocins, exopolysaccha-
rides, and short-chain organic acids with antimicrobial, antioxidant, and anti-inflammatory
properties, supporting their use as probiotic or postbiotic resources in the food, pharma-
ceutical, and cosmetic industries. Furthermore, Enterococcus-derived extracellular vesicles
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and surface proteins have been reported to modulate host immune responses and enhance
epithelial barrier function, expanding their utility beyond conventional probiotic roles [4,5].

Among the genus Enterococcus, E. alishanensis represents a relatively unexplored but
promising species. It was first reported as a novel taxon from plant- and soil-associated
environments in Taiwan by Ming Chuan University [6], and the present study provides
the second whole-genome report for this species. Despite the growing recognition of
Enterococcus as a valuable microbial resource, E. alishanensis remains an emerging subject
of investigation with distinctive ecological and metabolic traits. Genomic and functional
studies have revealed that E. alishanensis harbors genes related to oxidative stress protection,
terpenoid biosynthesis, and metal-ion regulation, suggesting a redox-controlled metabolic
system that facilitates survival under oxygen-variable conditions [6].

In general, Enterococcus-derived postbiotics—including organic acids and bacteriocins—
have demonstrated antioxidant and anti-inflammatory effects, supporting their potential in
functional food and cosmeceutical applications such as skin barrier enhancement and redox
regulation [7]. Likewise, E. faecium postbiotics exhibit antioxidant and immunomodulatory
activities applicable to food preservation and therapeutic use, while heat-killed Enterococcus
postbiotics show safety and efficacy in improving gut and skin health. Within this context,
E. alishanensis can be regarded as a novel and underexplored member of the genus with
considerable potential as a redox-regulating microbial source for future biotechnological
utilization [8-10].

While the genus Enterococcus is often associated with host-derived niches, plant-
associated Enterococcus species remain relatively underexplored. Floral microhabitats, in
particular, represent unique ecological systems characterized by high ultraviolet radiation,
osmotic fluctuation, diurnal temperature variation, and nutrient limitation. These stresses
drive the selection of microorganisms with specialized mechanisms for ROS detoxifica-
tion, membrane stabilization, and photoprotective metabolite biosynthesis. Consequently,
flowers serve as natural bioreactors for discovering stress-tolerant bacteria with valuable
biosynthetic capacities, especially for developing antioxidant or UV-protective bioactive
compounds [11-13].

Jeju Island, located at the southern tip of the Korean Peninsula, is a volcanic biosphere
designated as a UNESCO World Natural Heritage site. Its geological and ecological
diversity—ranging from basaltic soils and mineral-rich volcanic ash to subtropical flora—
creates an exceptional reservoir for microbial evolution and biochemical diversification. The
island’s high UV index, strong sea winds, and volcanic mineral exposure provide selective
pressures that foster the emergence of microorganisms with unique stress adaptation
and secondary metabolite production abilities. Thus, Jeju’s floral ecosystems represent
a promising frontier for the discovery of novel microorganisms capable of producing redox-
active, photoprotective, and biofunctional metabolites relevant to the cosmeceutical and
biotechnology sectors [14,15].

In this context, E. alishanensis INUCC 77 (=BLH10) was isolated from the flowers of Z.
elegans. The present study provides a comprehensive genomic analysis of this strain using
INlumina NovaSeq sequencing and comparative phylogenomic approaches. Specifically, we
aimed to (i) determine its precise taxonomic position using the Type Strain Genome Server
(TYGS), (ii) evaluate its functional gene composition through COG and EggNOG annotation,
and (iii) identify biosynthetic gene clusters associated with terpenoid and isoprenoid
metabolism via antiSMASH. Through these genome-based analyses, we inferred potential
metabolic features related to floral habitat adaptation and proposed that E. alishanensis
JNUCC 77 may serve as a non-pathogenic, environmentally resilient, and biofunctional
microbial resource with prospective applications in postbiotic and cosmeceutical research.
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2. Materials and Methods
2.1. Isolation and Cultivation

The strain was isolated from the flowers of Z. elegans collected at Ilchul Land, Jeju
Island, Republic of Korea (33.382263 N, 126.841856 E) on 4 August 2023. Samples were
serially diluted and plated on de Man, Rogosa, and Sharpe (MRS) agar, followed by
incubation at 30 °C for 48 h under microaerophilic conditions. Colonies with distinct
morphology were purified and preserved as JNUCC 77 (=BLH10) in the Jeju National
University Culture Collection (JNUCC).

2.2. Genome Sequencing, Assembly, and Quality Assessment

Genomic DNA of E. alishanensis INUCC 77 was extracted using a Qiagen Genomic-tip
100/G kit (Qiagen, Hilden, Germany) following the manufacturer’s protocol for Gram-
positive bacteria. Whole-genome sequencing was carried out by CJ Bioscience Inc. (Seoul,
Republic of Korea) using the Illumina NovaSeq 6000 platform (NovaSeq Control Software
v1.8 and v1.5 reagent kit) with a paired-end library (350 bp insert size).

Raw reads were quality-checked and adapter-trimmed, and de novo assembly was
performed using SPAdes v3.15.3 under default parameters [16]. The resulting assem-
bly comprised five contigs with a total genome size of 3,857,120 bp, an N50 value of
2,616,578 bp, and an average sequencing coverage of approximately 275x.

Genome completeness and contamination were assessed using CheckM v1.2.2, which
confirmed 100% bacterial core gene coverage, and ContEst16S analysis, which detected
no contamination across the five identical 165 rRNA gene copies (100% identity to E.
alishanensis ALS3") [17,18]. The genome annotation was subsequently performed using
Prokka v1.14.6 to identify coding sequences, rRNA, and tRNA genes.

This high-quality draft genome served as the basis for subsequent analyses, includ-
ing phylogenomic comparison, functional annotation, and secondary metabolite gene
cluster prediction.

2.3. Genome-Based Phylogenomic Analysis Using Type Strain Genome Server (TYGS)

Genome-based phylogenomic analysis of E. alishanensis INUCC 77 was conducted
using the TYGS to determine its taxonomic position within the genus Enterococcus. The
complete genome sequence of strain JNUCC 77 was uploaded to the TYGS platform and
compared against all available type strain genomes in the DSMZ database.

Pairwise intergenomic distances were calculated using the Genome BLAST Distance
Phylogeny (GBDP) method under formula d5, implemented in the TYGS pipeline. The
resulting intergenomic distance matrix was used to infer phylogenetic relationships via the
FastME 2.1.6.1 algorithm employing the balanced minimum-evolution approach. Branch
support values were computed from 100 pseudo-bootstrap replicates [19,20].

Digital DNA-DNA hybridization (dDDH) values were estimated using the Genome-
to-Genome Distance Calculator (GGDC) v3.0, integrated within the TYGS workflow, to
assess genomic relatedness. For complementary validation, Average Nucleotide Identity
(ANI) values were calculated using the OrthoANIu algorithm (CJ Bioscience Inc., Seoul,
Republic of Korea) under default parameters [19,21].

All analyses were performed using default settings provided by the TYGS and GGDC
servers, and the resulting datasets were used for the construction of a genome-based
phylogenomic framework for E. alishanensis INUCC 77.

2.4. Clusters of Orthologous Groups (COG) Functional Classification of the Genome

Functional annotation and COG classification of the E. alishanensis INUCC 77 genome
were performed to determine the distribution of genes associated with major metabolic and
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cellular processes. The annotated coding sequences (CDSs) generated by Prokka v1.14.6
were functionally assigned using EggNOG-mapper v2.1.13 with the eggNOG v6.0 database,
through the analytical pipeline of CJ Bioscience Inc. (Seoul, Republic of Korea) [22,23].

Each predicted protein was classified into one of the 22 standard COG functional
categories based on its best orthologous match. Genes showing no significant homology
to known orthologous groups were categorized as “S: Function unknown” or “X: Not
matched to database.” The distribution of CDSs among COG categories was computed and
summarized from the processed dataset provided by CJ Bioscience.

This updated orthology-based annotation provided a comprehensive overview of
the functional genome architecture of E. alishanensis INUCC 77, highlighting the ma-
jor gene groups involved in metabolism, transcriptional regulation, replication, and
cellular adaptation.

2.5. Prediction of Biosynthetic Gene Clusters (BGCs)

Prediction of secondary metabolite BGCs in E. alishanensis INUCC 77 was performed
using antiSMASH v8.0.4. The annotated genome file produced by Prokka v1.14.6 was used
as input in GenBank format. All extended analytical modules were activated, including
ClusterFinder, KnownClusterBlast, SubClusterBlast, ActiveSiteFinder, and Pfam domain
annotation, under the “relaxed” detection strictness setting to ensure comprehensive iden-
tification of canonical and cryptic clusters [24,25].

Each predicted cluster was compared with the MIBiG 4.0 reference database to evaluate
sequence homology and biosynthetic similarity to experimentally characterized pathways.
The gene content, organization, and domain composition of the predicted clusters were
manually examined through the antiSMASH integrated visualization tools, which generate
gene-level schematic representations of cluster boundaries and predicted biosynthetic
domains [26].

This workflow provided a reproducible in silico framework for the identification
and characterization of biosynthetic gene clusters within the genome of E. alishanensis
JNUCC 77.

3. Results and Discussion
3.1. Genomic Features

The complete genome of E. alishanensis INUCC 77 was analyzed by CJ] Bioscience
Inc. (Seoul, Republic of Korea) using the Illumina NovaSeq 6000 platform, followed by
de novo assembly with SPAdes v3.15.3. The assembled genome consisted of five contigs
with a total length of 3,857,120 bp, an N50 value of 2,616,578 bp, and a G + C content of
35.6% (Table 1). The largest contig measured 2,616,578 bp, consistent with a chromosomal
architecture without plasmid elements. An overview of the assembled genome structure is
presented in Figure 1.

A total of 3826 predicted genes were annotated, including 3826 protein-coding se-
quences (CDSs), 64 tRNA genes, and 15 rRNA genes (55, 16S, and 23S). The average
coding sequence length was approximately 909 bp, with a median CDS length of 765 bp.
Genome quality control confirmed 100% bacterial core gene coverage and the absence of
contamination, validating the high completeness and reliability of the assembly.

Opverall, the genomic composition of E. alishanensis INUCC 77 reflects a compact, low-
GC-content chromosome typical of the genus Enterococcus. The relatively small genome size
and gene repertoire suggest functional streamlining and adaptation to nutrient-variable
floral environments, providing a robust foundation for comparative and functional genomic
analyses [6].
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Table 1. General Genomic Features of Enterococcus sp. Strain INUCC 77.

Enterococcus sp. Strain JNUCC 77

Genome size (bp) 3,857,120
Total number of contigs 5
Contigs N50 (bp) 2,616,578
G + C content (%) 35.60
Total number of predicted genes 3826
Total number of protein-coding genes 3826
Total number of pseudogenes 1336
Total number of tRNA-coding genes 64
Total number of rRNA-coding genes (55, 16S, 235) 15

The genome comprised 3,857,120 bp across five contigs with a G + C content of 35.6%. Genome quality control
confirmed 100% completeness and absence of contamination, consistent with a single circular chromosome.
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Figure 1. Circular genome map of E. alishanensis INUCC 77. The complete genome is visualized with
annotated coding sequences on forward (red) and reverse (green) strands, GC skew (yellow /blue),
and GC content variation. The map indicates a stable, plasmid-free chromosomal organization with
balanced GC distribution.

3.2. Genome-Based Phylogenomic Analysis Using TYGS

Genome-based phylogenomic analysis using the TYGS revealed that E. alishanensis
JNUCC 77 formed a distinct and coherent clade with the type strain E. alishanensis ALS3",
supported by short branch distances and strong bootstrap values (Figure 2). This close
phylogenomic relationship clearly distinguishes JNUCC 77 from other Enterococcus species
and confirms its affiliation within E. alishanensis.

dDDH analysis further substantiated this classification. The dDDH value between
strain JNUCC 77 and E. alishanensis ALS3" was 87.9%, exceeding the conventional 70%
species delineation threshold, whereas all other Enterococcus and Streptococcus type strains
exhibited values below 35% (Table 2). Likewise, OrthoANIu analysis yielded a 99.39%
identity between the two strains, with a coverage of approximately 65%, providing ad-
ditional genomic evidence for species-level congruence (Table 3). Together, these indices
demonstrate that strain JNUCC 77 represents a member of E. alishanensis, not a novel taxon.
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Figure 2. Phylogenomic tree of E. alishanensis INUCC 77 and related Enterococcus species based on

TYGS analysis. Strain JNUCC 77 clustered closely with E. alishanensis ALS3", forming a distinct clade
supported by low branch distances, confirming its species-level affiliation.

Table 2. Digital DNA-DNA hybridization (dDDH) values between E. alishanensis JNUCC 77 and
closely related type strains.

Subject Strain (d(:)DPI‘_’I C-'I'o dDPI;I (;.I.o dD.DI(-)I (;.I.0 G +C Con?enot
, in %) (d0, in %) (d4, in %) (d4, in %) (de, in %) (de, in %) Difference (in %)

Enterococcus alishanensis ALS3 87.9 [84.4-90.7] 94.7 [93.1-96.0] 91.6 [89.1-93.6] 0
Streptococcus alactolyticus CCUG 27297 12.8 [10.1-16.1] 47.9 [45.3-50.5] 13.2 [10.9-16.0] 4.88
Enterococcus porcinus ATCC 700913 13.2 [10.5-16.5] 30.7 [28.3-33.2] 13.6 [11.2-16.4] 0.58
Enterococcus saigonensis JCM 31193 13.3 [10.6-16.6] 29.2 [26.8-31.7] 13.7 [11.3-16.5] 0.67
Enterococcus lemanii DSM 105069 13.2 [10.5-16.5] 26.8 [24.5-29.3] 13.6 [11.2-16.4] 1.62
Enterococcus eurekensis CCUG 61259 13.2 [10.4-16.5] 24 [21.7-26.4] 13.5 [11.2-16.3] 1.02
Enterococcus casseliflavus NBRC 100478 129 [10.2-16.2] 23.2 [20.9-25.7] 133 [11.0-16.1] 6.75
Enterococcus lactis DSM 23655 13 [10.3-16.3] 229 [20.6-25.4] 13.4 [11.0-16.2] 2.53
Enterococcus devriesei DSM 22802 14 [11.2-17.4] 21.8 [19.6-24.3] 14.3 [11.9-17.1] 4.63
Enterococcus faecalis NBRC 100480 13.2 [10.5-16.5] 21.8 [19.6-24.3] 13.5 [11.2-16.3] 1.92
Enterococcus raffinosus NBRC 100492 14 [11.2-17.4] 21.7 [19.5-24.1] 14.3 [11.8-17.1] 3.76
Enterococcus xiangfangensis NCIMB 14834 14.3 [11.4-17.6] 21.3 [19.0-23.7] 14.5 [12.0-17.3] 341
Enterococcus xiangfangensis DSM 105127 14.3 [11.4-17.6] 213 [19.1-23.8] 14.5 [12.1-17.3] 3.42
Enterococcus pingfangensis NCIMB 15185 14 [11.2-17.4] 20.7 [18.5-23.1] 14.3 [11.8-17.1] 4.46
Enterococcus hailinensis N48-2 14.5 [11.7-17.9] 20.1 [17.8-22.5] 14.7 [12.2-17.5] 1.68
Enterococcus florum Gos25-1 13.5 [10.7-16.8] 20 [17.8-22.4] 13.8 [11.4-16.6] 6.77
Enterococcus pallens ATCC BAA-351 14.3 [11.5-17.7] 19.9 [17.7-22.3] 145 [12.0-17.3] 4.45
Enterococcus hermanniensis DSM 17122 14.6 [11.8-18.0] 19.7 [17.5-22.1] 14.8 [12.3-17.6] 1.75

The highest dDDH value (87.9%) with E. alishanensis ALS3T supports species identity, while all other taxa
exhibited < 35% similarity, confirming genomic distinctiveness.

Table 3. OrthoANIu analysis between E. alishanensis INUCC 77 and reference genomes.

Metric Value
OrthoANIu value (%) 99.39
Enterococcus sp. Strain JNUCC 77 length (bp) 3,854,580
E. alishanensis length (bp) 3,708,720
Average aligned length (bp) 2,415,695
Enterococcus sp. Strain JNUCC 77 coverage (%) 62.67
E. alishanensis coverage (%) 65.14

An OrthoANTu value of 99.39% and 65.14% coverage with E. alishanensis ALS3T further validate the strain’s
classification within the same species.
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This finding holds particular taxonomic and ecological significance, as E. alishanensis
was previously reported only once—from plant- and soil-associated habitats in Taiwan—by
Ming Chuan University. The present work thus represents the second complete genome
report for this species and the first isolation from a floral microhabitat, expanding the
known ecological range of E. alishanensis beyond terrestrial environments. The floral
origin of strain JNUCC 77 suggests that E. alishanensis may possess adaptive genomic
features enabling survival under UV exposure, osmotic stress, and oxidative conditions
characteristic of flower-associated niches [27].

The TYGS-based phylogenomic resolution provides a more reliable taxonomic frame-
work than traditional 16S rRNA gene-based classification, particularly for Enterococcus,
where interspecies sequence similarity often exceeds 98%. The high ANI and dDDH values,
combined with clear phylogenomic clustering, underscore the stability of species assign-
ment and provide a genomic foundation for subsequent comparative analyses. In this con-
text, the genome of JNUCC 77 not only confirms its taxonomic identity but also contributes
to understanding the genetic diversity and ecological plasticity of E. alishanensis, a species
increasingly recognized for its potential functional and industrial applications [28,29].

3.3. Functional Genome Composition

The functional categorization of the E. alishanensis INUCC 77 genome was performed
using the Clusters of Orthologous Groups (COG) database to provide an overview of
its metabolic and physiological potential. A total of 3728 coding sequences (CDSs) were
assigned to 22 major COG categories, reflecting the broad genetic diversity and adaptive
functions of the strain (Figure 3).

D : Cell cycle control, cell division, chromosome partitioning

M : Cell wall/membrane/envelope biogenesis

N : Cell motility

Post-translational modification, protein turnover, and chaperones
T : Singal transduction mechanisms

ntracellular trafficking, secretion, and vesicular transport
Defense mechanisms

: Extracellular structures

Nuclear structure

: Cytoskeleton

1000

800 A

700 A

: RNA processing and modification

Chromatin structure and dynamics

J: Translation, ribosomal structure and biogenesis
Transcription

Replication, recombination and repair

Energy production and conversion

Amino acid transport and metabolism
Nucleotide transport and metabolism
Carbohydrate transport and metabolism
Coenzyme transport and metabolism

Lipid transport and metabolism

Inorganic ion transport and metabolism

: Secondary metabolites biosynthesis, transport, and catabolism
: General function prediction only

S : Function unknown

X : Not matched to database

400 4

Numbers of Genes

200 A

o]
v
w
Y
z
A
L
€
E
F
G
100 - !
2]
Q

U
B:
K:
H
R

0 T ——— ey g e e o |
DMNOTWUUVWY Z A B J KLCEFGMH I P Q R S X

COG Functional Category

N [ O [ I

Figure 3. COG functional classification of protein-coding genes in E. alishanensis INUCC 77. A total
of 3728 coding sequences (CDSs) were assigned to 22 major COG categories. The highest number
of genes was classified as “S: Function unknown,” followed by categories related to carbohydrate
and amino acid metabolism, transcription, and energy production, reflecting the strain’s versatile
metabolic capacity.

Among the annotated COG categories, the largest proportion of genes (approximately
950 CDSs) was classified under “S: Function unknown”, indicating a substantial pool of
hypothetical or uncharacterized proteins that may represent unexplored functional poten-
tials. Genes related to “G: Carbohydrate transport and metabolism” (around 400 CDSs),
“E: Amino acid transport and metabolism”, and “K: Transcription” also accounted for
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significant portions of the genome, suggesting an active metabolic network capable of
nutrient assimilation and environmental adaptation [30].

Moderate gene representation was observed in “C: Energy production and conver-
sion”, “F: Nucleotide transport and metabolism”, and “M: Cell wall/membrane/envelope
biogenesis”, consistent with the physiological robustness typical of Enterococcus species.
The presence of a notable number of genes in “O: Post-translational modification, protein
turnover, and chaperones” and “L: Replication, recombination, and repair” categories
highlights the strain’s capacity for protein quality control and genomic maintenance, which
may contribute to its survival under oxidative or nutrient-variable floral environments [31].

Collectively, the COG-based functional distribution underscores that E. alishanensis
JNUCC 77 possesses a metabolically flexible and environmentally resilient genomic frame-
work, supporting its adaptation to the floral niche and its potential as a bioactive resource
for postbiotic or cosmeceutical applications.

3.4. Genome Mining and Secondary Metabolite Biosynthetic Gene Cluster Analysis

Comprehensive genome mining of E. alishanensis INUCC 77 using antiSMASH v8.0.4
revealed the presence of putative secondary metabolite biosynthetic gene clusters primarily
associated with terpenoid biosynthesis, while no bacteriocin-, polyketide-, or nonribosomal
peptide synthetase-related loci were detected (Figure 4). The identified clusters indicate that
this strain possesses a metabolic system specialized for structural and oxidative resilience
rather than antimicrobial compound production. In particular, Region 1 encodes a compact
yet functionally rich terpenoid biosynthetic operon containing genes for phytoene/squalene
synthase, a phytoene desaturase (Crtl-like enzyme), two metallophosphoesterases, and
a two-component response regulator transcription factor. This genomic configuration
suggests a metal-assisted, redox-regulated isoprenoid biosynthetic pathway in which
oxidative desaturation by the Crtl-like enzyme is coupled with metal-dependent phosphate
recycling and redox modulation mediated by the dual metallophosphoesterases. The co-
occurrence of a response regulator indicates that this cluster is transcriptionally responsive
to environmental stimuli such as oxidative or metal-ion stress, enabling E. alishanensis
JNUCC 77 to maintain membrane stability and mitigate reactive oxygen species (ROS)
accumulation. Such a redox-responsive terpenoid system likely provides an ecological
advantage in the UV-intense floral microhabitat of Zinnia elegans from which the strain was
isolated [11,32].

In addition, Region 2 was identified as a unique gene set containing homologs of DNA
repair protein RecN, an arginine repressor (ArgR), a TlyA family RNA methyltransferase,
and a polyprenyl synthetase-like enzyme. Although this region does not represent a canoni-
cal secondary metabolite cluster, its gene composition suggests a stress-adaptive regulatory
module that couples genome maintenance, transcriptional control, and isoprenoid-linked
redox adaptation. RecN is a key component of the bacterial DNA repair machinery, fa-
cilitating chromosomal stability under oxidative conditions, whereas ArgR functions as
a transcriptional regulator linking nitrogen metabolism to cellular redox balance. The
presence of the TlyA methyltransferase implies RNA-level protection through rRNA
methylation, enhancing translational fidelity during stress, while the adjacent polyprenyl
synthetase-like gene contributes to the biosynthesis of membrane-associated isoprenoid
lipids involved in cellular protection [33]. Together, these features indicate that E. alisha-
nensis JINUCC 77 has evolved a redox—genome stability interface, integrating terpenoid
metabolism, phosphate and metal ion homeostasis, and DNA /RNA repair mechanisms
to survive under UV- and ROS-rich floral environments. The absence of bacteriocin and
other peptide biosynthetic systems further implies that this strain relies on oxidative stress
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tolerance and metabolic adaptability, rather than antagonistic interactions, as its primary
ecological survival strategy.

Region 1 J—— — ) Sl e e— ) —

ORF39 ORF40 ORF41 ORF42 ORF43 ORF45

Region 2 —T——-_ﬁﬁ—_

ORF1663 ORF1664 ORF1665 ORF1666 ORF1668 ORF1669

- Core Biosynthetic Genes - Additional Biosynthetic Genes - Regulatory Genes - Other Genes T Binging Sites

Figure 4. Predicted biosynthetic gene clusters in E. alishanensis JINUCC 77. antiSMASH analysis
revealed two regions: Region 1, a terpenoid operon with genes for phytoene/squalene synthase,
desaturase, and regulatory elements, indicating a redox-regulated isoprenoid pathway; and Region 2,
containing RecN, ArgR, TlyA, and a polyprenyl synthetase-like enzyme, associated with stress
adaptation and redox homeostasis.

4. Conclusions

The complete genome of E. alishanensis INUCC 77, isolated from the flowers of Zinnia
elegans in Jeju Island, reveals a well-adapted bacterium specialized for survival in oxidative
floral environments. Genome-based analyses confirmed its taxonomic identity with E.
alishanensis, characterized by a compact, low-GC genome lacking plasmid elements but
enriched with genes for transcriptional regulation, DNA repair, and terpenoid metabolism.

The integration of TYGS-based phylogenomic positioning, COG functional classi-
fication, and antiSMASH-predicted biosynthetic clusters highlights a unique metabolic
organization that emphasizes stress adaptation and membrane stabilization rather than
antimicrobial competitiveness. These genomic signatures support the hypothesis that
E. alishanensis INUCC 77 maintains ecological fitness through redox balance, metal-ion
regulation, and lipid-associated antioxidant systems.

Overall, E. alishanensis INUCC 77 represents a non-pathogenic, environmentally re-
silient, and biotechnologically valuable strain, offering potential for use as a microbial
source of postbiotic ingredients, antioxidant peptides, and redox-protective metabolites in
health-related and cosmeceutical formulations.
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