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Abstract

Marine bacteria have emerged as prominent sources of novel
pharmaceutical agents produced through fermentation processes to
meet global demands for antibiotics in recent years. Marine bacteria
Sutcliffiella horikoshii, found in marine and soil ecosystems, has been
found to produce a potent neurotoxin, Tetrodotoxin (TTX). This study
demonstrates the isolate KSV4 of S. horikoshii, from Rushikonda
Beach, exhibiting remarkable antibacterial properties against clinically
relevant test bacteria using the Kirby-Bauer agar-well diffusion
method. Thin-layer chromatography-mediated bioautography associated
with Gas Chromatography-Mass Spectrometry (GC-MS) analysis
revealed bioactive compounds in the crude extract of KSV4.
Additionally, molecular identification confirmed KSV4, suggesting
applications in environmental remediation and pharmaceuticals.
Overall, this study underscores the potential of maritime ecosystems
as a promising source of novel antibiotics, contributing to combating
antibiotic resistance. Further research is required to corroborate
these findings against a broader range of pathogens and elucidate
the bacterial isolate’s therapeutic potential, mechanism of action and
biotechnological applications.

Keywords: Antibacterial efficacy, kirby-Bauer disc diffusion method,
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Introduction

Microorganisms are prolific antibiotic reservoirs, essential
to combat bacterial infections in humans and animals.
These antibiotics are critical for treating a broad spectrum
of infections. However, their misuse and overuse have led
to the emergence of antibiotic-resistant strains, posing a
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growing public health problem, and necessitating alternative
therapeutic modalities (Sahar et al, 2021).

Oceans, encompassing over 70% of the Earth's surface,
harbour diverse microbial life that produces novel antibiotics
(Kasanah and Hamann, 2004; Santos et al, 2020). Marine
environments represent a promising source of bioactive
compounds due to the unique ecological conditions that foster
microbial diversity and metabolic potential. Certain bacteria
like Bacillus, Pseudomonas, and marine fungi, have shown
promise in combating multidrug-resistant bacterial strains
(Bultel-Poncé et al, 1998; Nweze et al, 2020), producing
antibiotics and bioactive compounds. For instance, marine-
derived compounds such as Macrolactin A from Bacillus
species have shown significant antimicrobial properties
(Mondol et al, 2013a). Additionally, Salinosporamide A, derived
from marine actinomycetes, has entered clinical trials as a
potential treatment for cancer (Giordano et al, 2015). Other
bioactive compounds, isolated from marine-derived Bacillus
species, include polyketides and bacteriocins with significant
antimicrobial activity and antialgal and anticancer activities
(Xiao et al, 2022). The ability of Bacillus species to produce
diverse classes of antibiotics has been evidenced by several
genomic studies, indicating that about 8% of the genome is
devoted to synthesising antibiotics (Mondol et al, 2013b).
The potential applications of marine-derived antibiotics
extend beyond human medicine; they can also be utilised
in aquaculture to prevent bacterial infections in fish, in
agriculture as biopesticides, and in environmental remediation
to mitigate pollution (Desbois and Smith, 2010). This study
aims to explore the antibacterial activity of Sutcliffiella
horikoshii KSV4 isolated from Rushikonda Beach and its
potential applications in various fields.
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Material and methods
Sample collection

Water samples were collected at a depth of approximately
1 m from Rushikonda Beach (17.7825° N, 83.3851° E) in
Vishakhapatnam, Andhra Pradesh, using 500 mL of sterile
and autoclaved bottles. The samples were then stored at 4°C
until further examination (Kumari et al, 2020). Environmental
parameters such as temperature, pH and salinity were
recorded at the time of collection.

Isolation and purification

The collected water sample (100 pL) was inoculated into plates
containing Zobell Marine Agar media (Hi-Media, India) and
incubated at 37°C for 4 days. Distinct pigmented colonies
were selected and transferred to sterile Zobell agar plates
for subculturing. For further analysis, these isolates were
preserved as slants at 4°C in a refrigerator and as glycerol
stocks at -80°C (Jayadev and Lekshmi, 2016).

Collection of test strains

Five bacterial strains, namely Bacillus subtilis, Bacillus cereus,
Proteus vulgaris, Proteus mirabilis, and Methicillin-resistant
Staphylococcus aureus used in this study were isolated on
selective media from urine and pus collected from local
hospitals and biochemical tests were performed to confirm
the identity of these strains. The rationale for choosing the
aforementioned bacteria is that they are all considered
potential opportunistic pathogens commonly associated
with bacterial infections (Sandhya et al, 2014).

Morphological and biochemical
assessment

The morphological aspects of the marine bacterial isolates
were documented. These aspects were determined using
the standard Gram-staining procedure and morphological
characters such as size, shape, colour, texture, opacity,
elevation, and margin. The bacterial isolates further underwent
biochemical activity assays as stated in Bergey's manual and
compared with known type strains for characterization which
includes Indole, Methyl Red, Voges Proskauer, and Citrate etc.
to assist in their taxonomic classification (Bartholomew and
Mittwer, 1952; Cappuccino and Sherman, 2007).

Effect of temperature and pH on growth

To maximize secondary metabolite synthesis, it is necessary to
determine the ideal pH and temperature ranges. In our study,

we adjusted the pH of the Zobell medium to 7.5-8.5 and tested
incubation temperatures from 35 to 39°C to identify the optimal
conditions for maximal secondary metabolite production. A
sample of 200uL was added to a 96-well microtiter plate, and
the optical density was recorded at 600 nm using an ELISA
reader (Epoch, United States). Absorbance readings were taken
bi-hourly over 24 hours relative to a blank control by use of
a microtiter plate with a final volume of 200 pL in each well
and performed in duplicates. The collected data were used
to plot a graph using MS Excel software (Aparna et al, 2020).

Extraction of crude compounds

The aforementioned isolates were cultured in Erlenmeyer
flasks and incubated at 37°C for 5-7 days. The cultures were
subjected to centrifugation at 5000 rpm for 15 minutes at a
temperature of 4°C. The pellet containing the pigment was
washed thoroughly with distilled water to lyse the cells,
and the supernatant was removed. Subsequently, the crude
compound was extracted by suspending the pellet in 1000 ml
of Ethanol and placing the falcon tube in a water bath for 60
minutes. Following the cooling of the tube, it was centrifuged
again for 15 minutes at 5000 rpm until the pellet turned
colourless. The resulting supernatant with diffused pigment
was filtered through Whatman's No. 1 filter paper to extract the
crude compound of the isolate (Shanthi Kumari et al, 2024).

Antibacterial efficacy

The antibacterial properties of the crude compound extracted
from the bacterial isolates were evaluated against the test
bacterial strains B. subtilis, B. cereus, Methicillin-resistant
Staphylococcus aureus (MRSA), P. mirabilis, and P. vulgaris
using the Kirby-Bauer agar-well diffusion method. The nutrient
agar plates were inoculated with 100 ul of the test bacterial
cultures and wells were created using a sterile well borer.
Under sterile conditions, (1000 pl) crude compound was
added to the wells. The plates were then incubated upright for
24 hrs at 37°C with a negative control of ethanol and a positive
control of Ampicillin. After incubation, the inhibition zones
were meticulously measured to evaluate the antibacterial
efficacy of the compound. This experiment was performed
in triplicates (Nikita et al, 2020).

GC-MS analysis of the crude extract of
KSV4

The present study employed a TLC-mediated bioautography
to investigate the antibacterial activity of an isolate. The
crude compound extract (5 pl) was applied to TLC plates
(Merck, India), developed using different solvent mixtures,
and visualized under UV light. The mobile phases included
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Chloroform/ethanol (2:1 and 3:1), acetone/water (5:3), and
petroleum ether/ethyl acetate (1:9 and 9:1). Subsequently, the
developed TLC plate was used to perform bioautography and
the zones of inhibition were measured. GC-MS analysis was
performed on the scrapped silica from the plates using a GC-
MS (GC-MS-QP2020 NX, Shimadzu, Japan) equipped with a
SH-Rxi-5Sil MS (30 X 0.25 X 0.25 mm) column. The carrier gas
was helium, the components were separated at a 1 mL/minute
flow rate, under a temperature program starting at an initial
temperature of 50°C for 4 minutes followed by an increase
to 260°C at a rate of 10°C/min up to 300°C and sustained for
12 minutes. GC-MS analysis determined the components of
the unidentified mass spectra with recognised components
found in the NIST library. Names, structures, and molecular
weights of the test material components were accurately
identified (Yogitha Bala, 2024).

Molecular identification and
phylogenetic analysis of KSV4

The results showed that KSV4 is a potential bacterial isolate
with antibacterial activity against all the test bacteria. Thus,
the genomic DNA of this isolate is subjected to 16S rRNA gene
amplification using 16S rRNA-F and 16S rRNA-R primers for
species identification. PCR product of length 1400 bp purified
and sequenced on ABI 3730 X 1 Genetic Analyser using the
BDT v3.1 Cycle sequencing kit. The 16S rRNA sequences
were subjected to BLAST analysis using the mega blast
tool of GenBank (http://www.ncbi.nIm.nih.gov/ ). Among
different species comprising of closest neighbouring strains
in NCBI-BLAST analysis used in the phylogenetic analysis. A
phylogenetic tree was constructed based on the neighbour-
joining method and percentage differences in the genetic
relationships between the neighbouring strains (Imran et al,
2019; Nisha et al, 2019).

Results and discussion
Isolation and characterisation

Five distinct bacterial isolates were obtained from water
samples collected at Rushikonda Beach. Bacterial isolates
were labelled as KSV1, KSV2, KSV3, KSV4, and KSV5. KSV4
was studied in detail as it showed significant antibacterial
efficacy. This study identified S. horikoshii KSV4, marking
its first identification from this specific marine environment
compared to previous studies that reported this species from
soil habitats and other marine locations. Morphological and
biochemical characteristics of the isolate KSV4 were reported
in Tables 1 and 2. Colony morphology is given in Fig. 1. In a
similar study conducted by Nikita et. al. (2020) a comparable
bacterial isolation method was employed to isolate pigmented
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Fig. 1. Sutcliffiella horikoshii KSV4, gram-positive bacilli with small, circular,
opaque yellow-brown colour colonies with entire margins

Table 1. Morphological characteristics of KSV4

Morphological characteristics KSV4 isolate
Colony shape Circular
Colony size Small
Margin Entire
Pigmentation Yellow-brown
Elevation Raised
Texture Smooth
Optical property Opaque
Gram nature Positive
Shape Bacilli
Table 2. Results of biochemical characterization of KSV4

Biochemical tests KSV4 isolate
Indole test Negative
Methyl red test Negative
Voges-Proskauer test Negative
Citrate utilisation test Negative
Catalase test Positive
Oxidase test Negative
Motility test Motile
Carbohydrate fermentation

1. Glucose Positive

2. Fructose Positive

3. Galactose Positive

4, Xylose Positive

5. Ribose Positive

6. Sucrose Positive
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colonies from water samples of the Arabian Sea. The authors
chose standard microbiological techniques to isolate and
characterize bacterial colonies based on morphological and
biochemical traits. In another study by Nisha et al. (2019), a
bacterial isolation method was employed to isolate bacterial
colonies from soil samples collected in Alfalfa plant fields,
in Coimbatore. These colonies were further characterized
morphologically and biochemically.

Molecular identification and
phylogenetic analysis of KSV4

In the present study, isolate KSV4 was found to exhibit noteworthy
antibacterial efficacy. Molecular analysis revealed it to be
S. horikoshii (as depicted in Fig. 5). This molecular identification
and analysis are crucial in understanding bacterial isolates’
genetic relatedness and evolutionary history. The 16S rRNA gene
sequence was submitted to the Gene Bank (NCBI) and accession
number PP733937 was received. The evolutionary history was
inferred using the Maximum Likelihood method and the Tamura-
Nei model. A phylogenetic tree was constructed using MEGA
X software (Nisha et al, 2019). The identification of the isolate
underscores the importance of molecular techniques in bacterial
classification. This method has proven effective in assessing
bacterial diversity, as shown by (Carlos et al, 2013), who noted
significant proteobacterial abundance in coral ecosystems. The
antibacterial properties align with those documented for Bacillus
horikoshii, which possesses genes coding for bacteriocins,
enhancing its ecological fitness (Zarza et al, 2017). Furthermore,
understanding the evolutionary relationships within the bacillus
genus of these strains (Alcaraz et al, 2010).

Effect of pH and temperature on the
growth of the isolates

All bacterial isolates showed increased growth with changes
in pH and temperature. Among all the isolates, KSV4 showed
enhanced growth at 37 °C and pH 8 (Fig. 2). This ability
to flourish under these conditions suggests its potential
utility in various biotechnological applications, including
bioremediation and agricultural practices. It supports the
notion that this strain is well-suited for alkaline environments.
Previous studies have documented that certain Bacillus strains
can produce plant growth-promoting substances under
alkaline conditions, which may contribute to their overall
growth and metabolic efficacy (Radhakrishnan et al, 2017).

Bacterial crude compound extraction
Crude compounds were extracted using solvents, such as

ethanol, chloroform, ethyl acetate, methanol and acetone.
However, Ethanol was used to effectively extract crude
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Fig. 2. Investigating the effect of pH and temperature on the growth of bacterial
isolate KSV4

compounds from the culture broth of the bacterial isolates.
In a study conducted by Shanthi Kumari et al. (2024) the
crude extract of the isolate, Pseudomonas aeruginosa VSB3
was extracted using ethanol.

Antibacterial activity of crude
compounds

The extracted crude compounds displayed antibacterial
efficacy against different test bacteria (as shown in Table 3).
Among the five bacterial isolates, KSV1, KSV4 and KSV5
demonstrated inhibitory activity against the test bacteria.
The inhibition zones measured were presented in Fig. 3. This
suppressive effect was more noticeable against Gram-positive
species like B. cereus and MRSA compared to Gram-negative
species such as P. mirabilis, and P. vulgaris. These findings
highlight the potential of marine bacteria as a source of
novel bioactive compounds. Further research is required to
elucidate the mechanisms of action of these compounds and
their potential therapeutic applications. Bacillus horikoshii
isolated from the rhizosphere region of Alfalfa plant fields
produces antimicrobial compounds against clinical pathogens

Table 3. Antibacterial efficacy of crude compound extracted from KSV4 against different test
bacteria

Test organism Diameter of zone of inhibition (mm)

Bacillus subtilis 17405
Bacillus cereus 141
Proteus mirabilis 13+05
Proteus vulgaris 15
Methicillin-resistant (MRSA) 1441

Values are representatives of mean + S, (n=3).
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Fig. 3. Antibacterial efficacy of Sutcliffiella horikoshii KSV4 against different test
bacteria. C-Control; P-Pellet; S-Supernatant

such as P, aeruginosa, Klebsiella species, Staphylococcus
aureus, P, vulgaris, Streptococcus pneumoniae, Escherichia
coli and Bacillus cereus (Nisha et al, 2019). Meanwhile, a
study in Brazil found that a Bacillus altitudinis isolate from
wetland sediment did not show antibacterial activity against
Gram-negative bacteria (Abednego and Silago, 2023).

GC-MS analysis

The present study used thin-layer chromatography (TLC) and
bioautography to identify bioactive compounds in the crude

Table 4. Tabulated representation of the major compounds identified through GC-MS analysis

Antibacterial activity of Sutcliffiella horikoshii

extract of KSV4. Notably, the fraction with Rf 0.9 was found
to strongly inhibit the growth of B. subtilis. GC-MS analysis
revealed the presence of ten major compounds (Fig. 4 and
Table 4). These findings demonstrate the potential of TLC-
Bioautography and GC-MS analysis for identifying bioactive
compounds responsible for antibacterial activity. Stearic
acid having an intensity of 1.75% was one of the compounds
responsible for the antibacterial activity of KSV4. A study
evaluated the antibacterial activities of various seed oils
containing stearic acid against clinical isolates, demonstrating
their potential as natural antimicrobial agents when used in
mixtures. This study highlights the importance of fatty acid
profiles in enhancing antibacterial activity (Joujou et al,
2024). Butyric acid and Valeric acid were also reported for
their antimicrobial activity against Gram-positive and Gram-
negative bacteria. The minimum inhibitory concentration (MIC)
for butyric acid against E. coli and Salmonella enterica was
2300-2500 mg/L, while it exhibited lower MIC values against
Campylobacter jejuni (500-800 mg/L). These results suggest
that butyric acid has significant potential as an antimicrobial
agent (Kovanda et al, 2019). Additionally, a survey revealed
that butyrate exerts direct antimicrobial effects against distinct
strains, including Bacillus, E. coli,and Acinetobacter baumannii.
This study highlights both direct antimicrobial actions and

Clyommoogram KSV4 E'OU GOMS Duta MSC JULY 2025 RSV qpd

Fig. 4. Chromatogram of crude compound extracted from KSV4

Compound R.Time Molecular formula Compound nature
Dodecane, 4,6-dimethyl- 4995 Cme Alkane hydrocarbon
Caprolactone oxime, (NB)-O-[(diethylboryloxy)(ethyl)boryl] 22470 CQH%BZNO2 Oxime ester

Oxalic acid 22.278 C,H,NO, Dicarboxylic acid
Eicosane 1.358 CoH,, Alkane

Pentanoic acid, 3-mercaptohexyl ester 20152 CH,0,8 Alkyl carboxylic acid
Heneicosane 9363 C,H,, Alkane

Triacontane, 1-bromo- 14010 C,HyBr Alkane

Steric acid hydrazide 2.940 CoH,N,0 Saturated fatty acid
Butyric acid hydrazide 4414 CH,N,0 Fatty acid

Valeric acid hydrazide 3162 CH,N,0 Fatty acid

© Marine Biological Association of India
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r—— PP73937 Sutciiffieila horikashii KSVA

I Fj607051.1 Bocillus sp.

| GQI04T78.1 Bacillus horikoshil A2

Aj785819.1 Bocillus 5p.
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Sutciffiella bonkashe Vg6
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WH329882 Sulciffelia hevikoshi Lewss_Bac_1!

DOI13286.1
Bocillus horikoshil LLB

DQ416778.1
Baillus sp. G2DM-16

KM221307.1

F613625.1

Fig. 5. Phylogenetic tree deciphering evolutionary lineages suggests the
isolate KSV4 as Sutcliffiella horikoshii

indirect effects through the induction of hostimmune responses,
making it a promising candidate for treating bacterial infections
(Du et al, 2021). Dodecane has been reported at an intensity
of 32.83% and can also be found in essential oils of Zingiber
officinalis, Camellia sinensis, Aristolochia triangularis and
others showing various biological activities (Fujisawa, 2010).
The next major constituent of S. horikoshii crude compound
is Caprolactone oxime, which can be utilised for synthesising
pH nanoparticles that can be used for drug delivery, especially
in cancer therapy (Xiaowei Yang et al, 2013). Triacontane is a
natural product found in Vanilla madagascariensis, Echinacea
angustifolia, and other organisms (Béatrice et al, 1997). The
increasing prevalence of antibiotic resistance necessitates the
exploration of alternative therapeutic strategies. Marine-derived
bacteria, such as those from the Bacillus genus, are known
for producing a variety of antimicrobial compounds that can
effectively combat pathogenic bacteria in aquatic environments
(Nweze et al, 2020). Utilising natural products derived from
marine bacteria aligns with sustainable aquaculture practices.
These compounds can reduce reliance on synthetic antibiotics,
minimising environmental impact and promoting healthier
fish stocks (Adnan et al, 2018). The incorporation of such
biocontrol agents can enhance fish health while addressing
the challenges posed by antibiotic resistance. These studies
collectively accentuate the antibacterial capabilities of
S. horikoshii and its potential applications in fish health and
environmental remediation.

Conclusion

This study identified KSV4, isolated from Rushikonda Beach,
as a promising source of novel antibacterial agents with
strong efficacy against both Gram-positive and Gram-
negative bacteria, including MRSA. The unique bioactive
profile of KSV4, likely influenced by Rushikonda'’s ecological
conditions, underscores its potential as an alternative to

conventional antibiotics. GC-MS analysis revealed bioactive
compounds with applications in environmental remediation
and pharmaceuticals, while molecular identification
confirmed KSV4 as Sutcliffiella horikoshii, showcasing the
role of molecular techniques in bacterial classification. Future
research should investigate these compounds’ mechanisms
and therapeutic potential and focus on optimizing extraction
and production to advance marine-derived antimicrobials.
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