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Abstract: Marine environments are natural endowments, known to be “treasured hideouts” of novel
molecules of biologically dynamic chemical species of potent activity, lingered largely uncharted,
prospecting vibrant applications in pharmaco-dynamics and drug kinetics. Bioprospecting of marine
microbes has discerned many astonishing milestones in pharmacology, drug designing, and therapeutics.
Marine Bacillus are known to produce structurally diverse versatile secondary complexes such as
lipopeptides, polypeptides, macrolactones, polyketides and coumarins showcasing a wide array of biological
bustles, ranging from antimicrobial, antialgal and anticancer in nature, heavy metal detoxification,
carotenoids production to biocontrol agents and biopesticides. In this respect, species of Bacillus
aquimaris, isolated from the coastal water of Burmanallah, South Andaman and phenotypically characterized
by routine biochemical tests. The antibacterial activity of its methanolic extract was assessed by agar well
diffusion assay confirming the presence of active metabolites exemplified by LC-MS peaks, thereby,

warranting a “multiplex of approach’ for applicative advances and pharma-settings.
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Introduction

Due to the over exploitation and limitations in
discovery of novel natural products from
terrestrial sources, natural product chemists
have commenced an intense exploration of
novel biological compounds from marine
biological sources. The ‘blue domain of Ocean’
covers nearly two-thirds of planet earth’s
topology seizing tremendous degrees of
biological and chemical multiplicities. The
diversity of marine milieu, complexes varied
assemblage of microbial species sustaining in
the extreme environments of variability in
pressure, salinity, and temperature, has
exercised enormous pressure on the microbial
evolution and selection to accomplish new
adaptations and production of metabolites
leading to the emergence of potential
pharmaceutical candidates (Lindequist, 2016;
Romano et al., 2017).
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In early 1960s, researchers surveyed microbial
variability and diversity as a prospective source
of bioactive molecules with unique potentiality
covering majority of microbial in origin, devoid
of any evident role in growth and development,
referred to as secondary metabolites (Yalla et al.,
2018). Thus, marine microorganisms tender an
underexplored profile of potential metabolites
for commercial exploration (Hamdache et al.,
2011). An enormous bacterial diversity is widely
acclaimed as one of the major driving force
designing the oceanic organic composition with
the maintenance of physiological and genetic
virtues that allows high degrees of
adaptableness, metabolic diversification and
dissemination into several environmental
habitats and niches, assembling them as
cosmopolitan entities (Boottanun et al., 2017).
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Micro-organisms are important players of
nutrient bio-transformation, viz cycles of
carbon, nitrogen and sulfur, shaping their
heterogeneity in marine ecosystems than the
soil system (Agrawal et al., 2017), as majority of
the described phyla of bacterial origin are
represented in oceans, in contrast to about half
of the terrestrial members (Ray, 1988).

Bacillus species are Gram-positive rods found in
manifolds, dwelling in diverse quarters of
ecosystem, owing to their asset of endospore
formation under harsh conditions like high
temperature, irradiation and offensive
chemicals (Errington, 2003). Besides
sporulation, they are capable of producing
secondary metabolite products, embellishing
them with an additive arsenal in competition
against other organisms (Sansinenea and Ortiz,
2011). Bacteriocin-type substances released by
Bacillus subtilis were found to be inhibitory in
nature and suppressed the growth of clinical
pathogens like Staphylococcus aureus, Listeria
monocytogenes, Salmonella typhi, Bacillus cereus
(Xie et al., 2009) while Bacillus licheniformis
restricted the activities of spoilage bacteria (Guo
et al., 2012). Ramli et al, (2012) reported
significant reduction of biofilm formation in
Burkholderia pseudomallei due to the presence of
N-acyl homoserine lactone in the culture
supernatant from Bacillus sp. Additionally, the
endosporal form of Bacillus strain TKS1
inhibited and restricted the growth and
incidence of citrus bacterial canker (Huang et al.,
2012). Some species of Bacillus are renowned for
the production of multitude of metabolites like
B. amyloliquefaciens FZB42 producing lipo
peptides [fengycin, surfactin, bacillomycin D,
dipeptide bacilysin and polyketide (difficidin)]
encoded by 8.5% of its genome, suppressing the
growth of Erwinia amylovora (Chen et al., 2007;
2009). The present study is focused on Bacillus
aquimaris, a marine bacterium isolated from
coastal marine waters and its antibacterial
activity against test pathogenic strains.

Materials and Methods

Seawater sample were collected from the coast
of Burmanallah (11°34'22.26"N, 92°44'22.51"E),
South Andaman in sterile polyethylene bottle
and transported to the laboratory under sterile
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conditions. 1 ml of the sample was transferred
aseptically to a sterile conical flask containing 99
ml of filtered sterile seawater and incubated at
37°C for 3-6 h. From this, serial dilutions up to
10-¢ were prepared and 0.1 ml was plated onto
the successive Zobell Marine agar plates by
spread-plate technique following incubation at
35°C for 24 hours. After incubation period,
single and discrete isolated colonies were re-
streaked, selected and single colony purity and
morphology was observed under microscope.
The pure isolates were maintained as slants,
stabs and 10% glycerol cultures for further
analysis.

Phenotypic characterization

Various biochemical tests were undertaken to
determine the identity of isolates based on the
phenotypic characters as described by Bergey’s
manual of Systematic Bacteriology (2009). Gram
staining was carried out by standard method as
proposed by Chapin (2007). A total of 32
biochemical tests were performed along with
growth pattern at varying salt concentration
(0%, 3%, 6%, 8%, 10% NaCl) and temperature
(4°C, 20°C, 35°C, 40°C, 50°C). The results were
interpreted by using Identax Bacterial Identifier
software Version 1.2 with an identification score
above 95% (Flores et al., 2009).

Screening and identification of bacteria with
bactericidal activity

All pure isolates with different morphologies
were primarily screened for their bioactivity by
cross streaking method (Lemos et al., 1985)
against various pathogens (Aeromonas hydrophila
(IDH1585), Shigella dysenteriae type 5 (NK2440),
Enteropathogenic Escherichia coli serotype (0115)
and Vibrio cholera (0139). The test strains were
streaked perpendicular across the pathogens in
Muller Hinton agar medium (MHA) and
incubated at 37°C for 24h.

Preparation of bacterial culture crude extract

Potent strains were inoculated in 250 ml sterile
Zobell marine broth followed by incubation for
3-5 days at 27°C on an orbital shaker. After
incubation period, the culture was centrifuged
at 11000 rpm for 10 min followed by ensuing
supernatant extorted by equivalent volumes of
ethyl acetate and stirred overnight on a
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magnetic stirrer. The extract was further
concentrated using vacuum rotary evaporator
(Buchi, Essen Germany) at 40-45°C and the final
content was dissolved in methanol figuring to a
final concentration of 50 mg/ml (Yalla et al.,
2018).

Liquid chromatography-Mass spectrometry
LC-MS analysis was performed to detect the
presence of organic compounds present in the
methanolic extract of B. aquimaris using Agilent
technologies fitted with column coupled to MS-
6120 Quadrupole mass spectrometer with ESI
ion source. The data analysis (Data acquisition
and mass spectrometric evaluation) were
carried out by Data Analysis software
(QualBrowser; Thermo Electron, San Jose, CA).
A column of Agilent Eclipse plus C-18 (4.6 x 250
mm) was used with mobile phase of ammonium
acetate (10 mM) and 15:85 ratio of water to
methanol for chromatographic separations with
the flow rate maintained at 0.4 ml/min with
injection volume of 10 pl

Microbial cultures

Four human bacterial pathogens Aeromonas
hydrophila (IDH1585), Shigella dysenteriae type 5
(NK2440), Enteropathogenic Escherichia coli
serotype (0115) and Vibrio cholera (0139),
maintained in our laboratory, were tested. All
isolates were maintained periodically on
Mueller Hinton agar (MHA) plates and stored
as slants, stabs and 10% glycerol cultures.

Antimicrobial assay

Antimicrobial activity was assessed by well
diffusion method as followed by Cherian et al.,
(2018). All pathogenic strains (cell density 2x107
CFU/ml) were plated on Mueller Hinton agar
(MHA) plates and uniform sized wells were
punctured onto the agar surface by gel borer.
Variable concentrations of B. aquimaris
methanolic extract (25, 50, 100, 200 pl) were
added to the wells with Gentamycin disc (15
mg/ml) and methanol (200 pl) taken as positive
and negative control, respectively. Plates were
incubated at 37°C for 24 h and the diameters of
inhibitory zones (mm) were measured. All the
experiments were performed in triplicates.
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Results and Discussion

The persistent clamor for exclusive biological
compounds with promising activity towards
multi drug-resistant (MDR) pathogens and their
survival-management stratagems to existing
medical remedial strategies has heightened the
delve towards microbial world (Cherian et al.,
2018; Cherian et al., 2019). The microbial entities
of bacteria and fungi are accounted to be
potential sources of structurally assorted
metabolites with imminent activities, glaring
them as excellent aspirants of therapeutics
(Mondol et al., 2013; Agrawal et al., 2017).
Among cosmopolitan populations of bacteria,
isolates of marine Bacillus, belonging to
heterogeneous groups (both in phylogenetics
and phenogenetics), are ubiquitous in the
marine surroundings sustaining under adverse
environmental conditions of salinity, pH,
temperature and pressure (Rampelotto, 2010;
Mondol et al., 2013). Their fastidious growth
rate, nutritional and space competence with
other species are some of the rationale at the
rear of production of potent secondary
compounds to ward off their competitors and
evade micropredation (Sayem et al., 2011),
diverging from their terrestrial counterparts in
accordance with the prototype of metabolic
successions by producing unique metabolites,
manifested from their genomic revisions (Feling
et al., 2003; Blunt et al., 2015).

In total, 15 isolates were isolated from the sea
water and maintained on Zobell marine agar
medium. The morphologies pertaining to their
size, shape and color were analyzed along with
the screening results by cross streaking method
depicting one of the isolates, based on various
biochemical tests (Table 1) and Identax result
interpretations, found to be Bacillus aquimaris
with 98% identification score. A diverse range
of varied structural compounds were reported
by LC-MS chromatogram of the methanolic
extract of B. aquimaris (Fig. 1, Table 2). A total of
11 major peaks of the 25 peaks were detected,
each corresponding to the type of organic
compounds present in the bacterial extract. The
major peak at m/z value of 138.0 corresponds to
compound 4-(Pyrrolidinyl) but-2-en-4-ol
followed by Butanoic acid, pentyl ester at m/z
value of 156.0, Ethyl 3-hydroxy-4,4-dimethyl
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pentanoate at 177.1, Ethyl (trans)-4-(benzyloxy)-
8-ethoxy-5-oxaspiro[2.5] oct-6-ene-6-carboxylate
at 302.0. The compounds of (5-Bromo-2-
hydroxy-phenyl)-(1-phenyl-1H-pyrazol-4-yl)
ketone and 2-{2-bromo-5H-indolo[2,3-
b]quinoxalin-5yl}-1-(2,4-dichlorophenyl) ethan-
1-one were detected at m/z values of 320.0 and
444 8, respectively. The minor peaks of other
specific compounds were also present
indicating a complex of diverse organic
compounds present in the extract which may
wield combinatorial bactericidal effects, thus,
augmenting a strategic and tactical progression
towards applicative pharmaco-dynamics (Yalla
et al., 2018; Cherian et al., 2018). Furthermore,
the methanolic extract of Bacillus aquimaris
demonstrated  antibacterial activity = with
variable inhibition zones against tested
pathogens (Fig. 2 & 3). A moderate inhibition
zone of 17.10mm was observed against Vibrio
cholerae followed by an inhibition zone of
16.66mm against Aeromonas hydrophila at 200pul
extract. The 200pl extract (50mg/ml
concentration) showed maximum inhibition
zone of 23.33mm against E. coli and the
minimum inhibition zone of 12.0mm against
Shigella dysenteriae. Inhibitory zones were not
observed in the case of negative control pure
methanol.

Production of antimicrobials provides an
additive advantage to the producer strains as
the former serves as one of the defense
pathways in sustaining and protecting their
natural niches from the intrusion of invasive
microbial species. Apart from ecological
character, the biological molecules of potent
activity can also be harassed for the benefits of
human life. Barsby et al., (2001) reported the
activity of a linear peptide molecule, Bogorol A
isolated from Bacillus laterosporus, against MRSA
(Methicillin resistant Staphylococcus aureus) and
VRE (Vancomycin resistant Enterococci). The
cyclic peptide molecules of YM- 266183 and
YM-266184 isolated from Bacillus cereus were
found to be effective against pathogenic
staphylococci and enterococci (Nagai et al., 2003;
Suzumura et al., 2003). Similarly, Desjardine et
al., (2007) isolated a lipopeptide, Tauramamide
from Brevibacillus laterosporus effective against
Enterococcus species at the concentration of
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0.1pg/ml. Zhang et al., (2004) isolated three
cytotoxic cyclopeptides (Mixirin A-C) of class
iturin from marine Bacillus sp. obtained from
Arctic pole mud and illustrated their inhibitory
activity against human colon tumor cells (HCT-
116). The compounds of cyclodepsi peptide in
origin, Bacillistatin 1-2 secreted by Bacillus
silvestris were found to be anti-tumor in nature
against an array of tumor inducing factors like
P388 (murine lymphocytic leukemia); MCF-7
(breast); BXPC-3 (pancreas); SF-268 (CNS);
KM20L2 (colon); NCI- H460 (lung); DU- 145
(prostate) (Pettit et al., 2009). Li et al., (2011)
summarized the anti-cancer activity of
compound Turnagainolide A-B (cyclic peptide
in nature) against PI3K pathway. The
compounds of class Glycolipopeptides, namely
Ieodoglucomide A-B (239) isolated from marine

Bacillus  licheniformis ~ (from Ieodo  Reef
sediments, South Korea) showed moderate in-
vitro antimicrobial activity along with

cytotoxicity against stomach cancer and lung
cancer cell lines (Tareq et al., 2012).

Table 1. Table showing results of biochemical tests
Morphology Result
Gram staining +
Motility +
Colour Light pale yellowish
Biochemical tests
Catalase +
Nitrate -
Citrate
Urease
Indole
H>S
Methyl-Red
Voges-Proskauer
Esculin Hydrolysis
Growth at 0% NaCl
Growth at 3% NaCl
Growth at 6% NaCl
Growth at 8% NaCl
Growth at 10% NaCl
Growth at 15% NaCl
Growth at 4°C
Growth at 20°C
Growth at 35°C
Growth at 40°C
Growth at 50°C
Sugar fermentation:
Sucrose
Dextrose
Lactose
Fructose
Sorbitol
Mannitol
Inositol
Mannose
Xylose
Arabinose +
Species identified with % identity  Bacillus aquimaris, 98%

T T T O R R SR

+ + + v 0+ 00+
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Table 2. Table showing observed m/z values corresponding to each

compound by LC-MS

technique
S.No. Observed m/z values Compound Molecular formula
1. 54.2 Unknown -
2. 117.0 Carbamic acid, dimethyl-, ethyl ester CsH11NO,
3. 120.0 Unknown -
4. 135.0 Unknown -
5. 138.0 4-(Pyrrolidinyl) but-2-en-4-ol CsHisNO
6. 152.0 1-Propanamine, N-nitro-N-propyl- CsH14N20O2
7. 156.0 Butanoic acid, pentyl ester CoHis02
8. 177.1 Ethyl 3-hydroxy-4,4-dimethylpentanoate CoH1503
9 302.0 Ethyl (trans)-4-(benzyloxy)-8-ethoxy-5-oxaspiro[2.5] oct-6- CuoHaiOs
ene-6-carboxylate
10. 320.0 (5—Bromo-2-hydroxy-phe?erg)-r(i-phenyl-l H-pyrazol-4-yl) CreHBrNO»
1. 4448 2-{2-bromo-5H-indolo[2,3-b]quinoxalin-5 y1}-1-(2,4- CoH12BrCLNSO

dichlorophenyl) ethan-1-one

Yang et al., (2002) reported anti-fungal and anti-
human gastric tumor activities of the molecules
of cyclic pepetides: Halolitoralin A
(hexapeptide), Halolitoralin B and C (both
tetrapeptides), isolated from Halobacillus litoralis
YS3106 against Candida albicans, Trichophyton
rubrum and BGC cell lines, respectively. The
fermentation broth of Bacillus mojavensis B0621A
isolated from Pinctada martensii (off Weizhou
Islands, South China Sea) was found to be
antifungal in nature (compound Mojavensin A,
an iturinic lipopeptide) and inhibited the
growth of HL-60 (Ma et al., 2012). Kalinovskaya
et al., (2013) isolated a glyceryl acid derived
heptapeptide from marine species of

ST S TSR S O B TSRS E TR E RS EF_CESEE TS T ST BT EE TS

Paenibacillus profundus Sl 79 found to be
cytotoxic to SK-MEL-28 cell line along with
growth inhibition of pathogenic species of S.
epidermis, S. aureus, Enterococcus faecium and B.
subtilis. Thus, the marine microbial entities
(especially Bacillus) offer a plethora of potential
secondary compounds displaying an expansive
range of organic functions bestowing huge
versatility in applicative modules of industrial
and environmental interest, considering their
mode and range of action against
phytopathogens, foodborne flora and account of
their safe use in food industry. Systematic
approaches are need of the hour for the
discovery and characterization of novel
molecules.

Figure 1. LC-MS chromatogram showing different peaks of compounds present in methanolic

extract of Bacillus aquimaris.
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Figure 2. Comparative antibacterial activity of methanolic extract of Bacillus aquimaris in the
concentration range (25-200 pl) against pathogenic strains.
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Figure 3. Assessment of antibacterial activity of methanolic extract of Bacillus aquimaris by well
diffusion assay (a) Aeromonas hydrophila, (b) Vibrio cholerae, (c) E. coli, (d) Shigella dysenteriae.

Conclusion

The present study evidently exemplified the
beneficial modules of marine bacteria Bacillus
aquimaris (its methanolic extract) with emphasis
of its antibacterial aspects on pathogenic strains
clearly warranting further advanced inputs for
its applicative strides in drug designing and
pharmacology amendments. The comparative
account of biosynthetic pathways, chemical
nature of compounds and their activity coupled
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with implementations of genetic confirmation
are warranted for ‘safe and sound” usage in
practical  applications. = Furthermore, the
revisions on putative synergistic effects within
these bio-active mixtures needs to be addressed
as the concentration of compound(s) (purified
or semi-purified) often remains vague or
biologically immaterial.
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