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ABSTRACT

Fifty-one bacterial colonies were isolated from water sample of South east coast region of India (Tamil
Nadu). All these isolates were culture-purified and screened for antimicrobial activity against a battery of
Urinary tr act inf ections (UTI) pathogens such as Escherichia coli, Klebsiella sp., Pseudomonas
aeruginosa, Proteus vulgaris, Enterococcus faecalis and Candida albicans. These pathogens were
procured by PSG Institute of Medical Science and Research, Coimbatore, collected from PSG hospital.
Among these,31 % of the isolates (n=31) exhibited strong bactericidal properties against pathogens. One
promising strain, designated as E5,with strong antimicrobial activity against most of the pathogens tested
was selected for further studies. M orphological, biochemical properties and molecular characterization,
16S rRNA sequencing and BLAST analysis Synergy Scientific Center, Chennai, Tamil Nadu, indicated
this s train as Bacillus megaterium (100% s imilarity with Gen Bank s equences). The s elected and

identified Bacillus megaterium was grown and extracellular extract was taken, for GC-MS analysis.
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Secondary metabolites and GC-MS analysis.
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1. INTRODUCTION

Marine organisms are a rich source of structurally
novel and biologically active metabolites. So far,
many chemically uni que ¢ ompounds of m arine
origin with different bi ologically a ctivity h ave
been i solated a nd a nu mber of t hem are unde r
investigation are beingde veloped asne w
pharmaceuticals . Amongthe thr eema jor
habitats of the biosphere, the marine realm which
covers 70% of the ear th’s s urface pr ovides t he
largest inhabitable space for living organisms, the
study of marine bacterial diversity is important in
order to understand the c ommunity s tructure and
pattern of di stribution. T hes eah arborsa n
extensive popul ation of bacteria, varying greatly
in num bers and in the variety o f t heir a ctivities.
Microorganisms a re w idely di stributedi ns ea
water and on the ocean floor, where the influence
chemical, physiochemical, geological, and
biological conditions %1,

Urinary tract infections are serious health problem
affecting m illions of pe ople e ach year. U rinary
tract infections a ccount f or a bout 8.3 m illion
doctor visits each year.O new omani nf ive

develops a UTI during her life time. Escherichia
coli,  Klebsiella,  Streptococcus  pyogens,
Streptococcus faecalis, Pseudomonas vulgaris are
the bacteria responsible for urinary tract infection.
Commonly us ed antibiotics f or the tr eatment o f

urinary  tracti nfection are Clindamycin,
Vancomycin, Bacitracin, Ampicillin,
Chloramphenicol and E rythromycin. T hese

antibiotics m ay r educe t he burden but it has its
own s ide effects. T o ove rcomet he pr oblems
associated with antibiotic treatment, people turned
traditional me dicine like A yurveda, S iddha,
Unani, Homeopathy and Herbal medicines. About
80% of world populations rely on herbal medicine
for primary health care .

In this present, we reported the characterization of
Bacillus megaterium ES5 recently isolated from the
south east coastal environment of T amil N adu
(South I ndia). T he pr esent s tudy focuses ont he
production of s econdary m etabolite f rom t his
isolate with treatmendous antimicrobial potential.
Ourr esults pr ovidei nsightsi ntot hew ide
spectrum a ntimicrobial ability of the ide ntified
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Bacillus speciesf romt he Indian coastal
environment.

2. MATERIALS AND METHODS

2.1. Isolation of organisms from coastal waters
Fifty-one bacterial i solates f rom co astal w ater
samples at Rameswaram, Pamban, D hanushkodi,
Kilakarai, Uchapuli, Sethukarai, Erwadi and
Devipatinam, Tamil N adu, India was studied.
Samples w ere col lected in sterile pl astic
containersa  ccordingt om  icrobiological
procedures and shifted to the laboratory for further
analysis. All the ba cterial col onies w ere isolated
marine agar (High Media), purified and s creened
for a ntimicrobial a ctivity againsta ba ttery of
urinary tract pathogenic microorganisms ©°,

2.2. Screening for m arineb acteria for
antagonistic activity

Primary and secondary screening: A totalof 51
bacterial strains isolated (Marine Agar 2216, High
Media) f romt he co astal w ater s amples w ere
screened f ort he pr oduction of a ntibacterial
substance. In the primary screening, antimicrobial
activity was assessed against the target pathogenic
microorganisms . F romt hepur ec ultures,
marine ba cterial s trains w ere s potted on target
organisms s wabbedi nM uller H inton Agar
(MHA) pl ates. B ased o n t he z one of inhibition,
each bacterial s train was s elected for s econdary
screening and further analysis.

Secondary s creening was done b y agarw ell
diffusion assay for testing the antagonistic activity
of marine bacterial isolates. The isolated bacteria
were i noculated in 300 m 1 of pr oduction m edia
composed of m arine b roth w ith ferric phos phate
fort he pr oduction of s econdary m etabolites.
Flasks were incubated on the rotary shaker at 220
rpm at 25°C for 7 days. The broth was centrifuged
at 5000 x g for30m intopelletthe cells. T he
supernatant w as col lected and extracted thrice
with ethyl ac etate crude extract was concentrated
by evaporation at 37 C. The residue obtained was
dissolved in methanol. The crude extract was used
for f urther a ntimicrobial a ctivity s creening. T he
wells w ere cutus ing as terile co tk of 6 mm
diameter and 50 pl of s upernatant was | oaded
into each well for assay of antagonistic activity by
well di ffusion a ssay a gainst di fferent pa thogens
6] The results were recorded after i ncubation at
37C for 24 hrs.

2.3. Identification o f antibiotic — producing
strain

Theis olated marine ba cterials train with
antibacterial activity was identified to the species
levelb yobs ervingi tsm orphology and
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biochemical r eaction a ccording t o t he m ethods
described by Bergey’s manual f or s ystemic o f
bacteriology |".

2.4. Genomic DNA Extraction

The selected colonies were inoculated in Artificial
Sea water Nutrient broth and incubated overnight
at 28 °C. The culture was spun at 7000 r pm for 3
min. T he pe llet was resuspended in 400 pl of
Sucrose TE. Lysozyme w as addedt oa f inal
concentration of 8 m g/ml and the s olution w as
incubated for lhr at 37°C. To the tube,100 pl of
0.5M EDTA (pH 8.0), 60 pul of 10% SDS and 3 pl
of proteinase K were added and incubated at 55°C
overnight. E xtracted withe qual vol umeo f
phenol:chloroform (1:1), centrifuged (10000 rpm;
10 min) and the supernatant was transferred to a
sterile tube. The supernatant w as ex tracted t wice
with phe nol:chloroforma ndonc ew ith
chloroform: i soamylalcohol ( 24:1) a nd e thanol
precipitated. The DNA pellet was resuspended in
sterile di stilled watera nd stored at4°Cf or
g]nmediate use and at 20°C for long-term storage
2.5. PCR Amplification of 16S rRNA

Bacterial 16S r DNA was am plified fromt he
extracted genomic D NA b y us ing the following
universal eubacterial 16 S rRNA primers: forward
primer 5'AGA GTT TGA TCC TGG CTC AG 3'
and reverse primer 5' ACG GCT ACCTTG TTA
CGA C TT 3'. Polymerase cha in reaction was
performed witha 50 -pl reaction mixture
containing 2 ul (10 ng) of DNA as the template,
each primer at a concentration of 0.5 uM, 1.5 mM
MgCl,, and each deoxynucleotide triphosphate at
a concentration of 50 uM, as well as 1 U of
Tagpolymerase and buffer used as recommended
by the m anufacturer (MBI Fermentas). After the
initial denaturation for 4.5 min at 95°C, there were
40 cycles consisting of denaturation at 95°C forl
min, a nnealing a t 55°C f or 1 min,and
extensiona t 72°C for 2minandthena final
extension step consisting of 5 min at 72°C; Master
cycler P ersonal ( Eppendorf, Germany) w as us ed.
The amplification of 16S rDNA was confirmed by
running the amplification product in 1% Agarose
gel electrophoresis in 1X TAE [,

2.6. Sequence and Phylogenetic analysis
Sequence analysis was performed with sequences
in the N CBI da tabase u sing BLAST as well as
with the s equences av ailable w ith Ribosomal
Database P roject (RDP). These S equences were
aligned b yus ing the C lustalw pr ogram a nd
phylogenetic tree was constructed using software
from the PHYLIP package ).
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2.7. Gas chromatography-mass
spectrophotometer (GC-MS) analysis

Analysis of crude extract was conducted using an
AB45M F (Thermo, 8000 series M GC
hyphenated w ith 5989 Mass S pectrometer). M S
conditionsw erea sf ollows: D etector ma ss
spectrometer vol tage 70e Va ndi tss ource

o
temperature was 300 C. The injector temperature

was2 50 C and the split less mode 0.5uL
injection. T he oven was adjusted at 80°C for 1

min and initial time 1.5 min with 400thich

ended by a final temperature of 300 °Cand 4 min
hold time w here the total run time was 15 min.
The ¢ omponents w ere identified b y ¢ omparing
their r etention times w ith those of a uthentic
samples, asw ellas b y comparingt heir m ass
spectra witht hose of W iley275  Library.
Quantitative da ta w ere obt ainedb yt he pe ak
normalization t echnique us ingi ntegrated FID
response %),

3. RESULTS

Overall, 51 strains of m arine ba cteriaw ere
isolated from eight pl aces w ater s amples of t he
south e ast c oastal r egion of India, but only one -
non p igmented bacteriaw asex hibited the
capability of producing antibiotic compounds.

3.1. Antagonistic activities — primaryan d
secondary screening

Out of  bacterial i solatess creened in the
preliminary s tudy, 6 (12%) weres elected for
secondary s creening. These isolates were able to
extract an inhibitory effect against at least one of
the target organisms tested. Among the 6 isolates,
a strain of Bacillus megaterium E5 revealed the
efficiency of b roads pectruma ntimicrobial
activity. Hence, the s train E5 isolated from the
coastal region of Erwadi was selected for further
studies (Table 1).

3.2. Identification of Bacillus megaterium
Morphological studies revealed that the isolate ES
was non-pigmented, ¢ci rcular and smooth
colonies.The ¢ ells w ere Gram positive, citrate
negativea ndur ease pos itive. Biochemical
reactions of the isolates with different biochemical
are listed in (Table 2). On the basis biochemical
diagnostic te sts, the bacterium w as i dentified as
Bacillus megaterium.

3.3. PCR amplification and s equencing of 16S
rRNA

The amplified product was run on a garose ( 1%)
gel a long w ith ADNA/EcoRI Hind I 11 doubl e
digest as marker. The resulting band was observed
using gel documentation system. The PCR of E5
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was near 1413bp. Partial sequencing of 16S rRNA
of the isolated data revealed 100% 1dentity with
Bacillus megaterium when the s equences w ere
compared with related sequences available in data
bases. Hencet hes train E5 was i dentified a s
Bacillus megaterium basedon 16S r RNA
sequences ana lysis. The s equence w as s ubmitted
to NCBI( Accession num ber JF416939)an d
deposited as type strain.

3.4. Phylogenetic analysis

The sequences were aligned using CLUSTAL W
and aph ylogenetict ree w as constructed. The
isolate ( ES) s howed (100%) s imilarity t owards
Bacillus megaterium phylogenetict  ree
constructed using PHYLIP version 3.68.

3.5. GC-MS Analysis of methanolic extract
GC-MS analyses of the ex tract s howed 7 major
peaks and were identified from wiley library. The
compounds m olecular weight and nametot he
corresponded peaks were listed in the (Table 3 &
Fig 2). From the mass spectrum, we conclude the
compounds 1 dentifieds howed a ntimicrobial
activity. T he ¢ ompound r esponsible f ort he
inhibition of ur inary tr act or ganisms w 1ill be
further purified in future.

4. DISCUSSION

In 1947, Rosenfeld and Zobell Rosenfeld et al, [t
had ¢ arried out t he first detailed study of
antibiotic-producing m arine ba cteria " Since
then, t here a re s everal r eports of a ntibiotic -
producing marine ba cterias howingt he
antagonistic ef fect against hum an pa thogens, !'*!
as st rains of pathogenic bacteria t hat r ecently
emerged are unresponsive or multi drug resistant
to t he a Iready di scovered antibiotics that arein
use.

The emergence of resistant s trains t o c ommonly
used a ntibiotics. A mong hum anm icrobial
pathogens ha s necessitate ther esearchest o
discover the n ew a ntimicrobial a gents that are
produced in natural way. The oceans, which cover
almost 70% of the earth‘s surface [ contain a
variety species, many of which have no terrestrial
counterparts. So, marine ba cteria as1 argely
untapped source secondary metabolites.

In the present study, the isolates from the coastal
region of E rwadi werei dentified as Bacillus
megaterium (our laboratory r eference — E5) and
Bacillus  licheniformis with haloalkaliphilic
culture characteristics. Bacillus sp. has been
described traditionally as aerobic saprophytic soil
microorganisms. Many members of t he Bacillus
group continuet o be dominant ba cterial
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workhorses i n m icrobial f ermentation fort he
production of novel proteins !*.

The Bacillus megaterium E5 grew well in nutrient
brothi nt he pHr ange 8 -9 a nds howed s alt
tolerance up t o 10 % (w/v), NaCl, indicating t hat
the isolate is an obligate alkalophilic. Although 73
bacterial i solates w ere i dentified in an extensive
survey o f m icrobial di versity a t ma rine s alterns
near B havanagar, G ujarat, no Bacillus sp. ha s
been documented . In the marine environment,
90% of bacteria are Gram-negative with different
characteristics ' and the Gram-negative cell wall
is be ttera dapted f or survivali n the m arine
environment. However, in our study the Bacillus
sp. reported were G ram-positive, i ndicating t hat
their origin could be due to terrestrial run-off from
rivers, asr eportedw idely form arine
Actinomycetes !,

In the present study, the culture supernatant from
Bacillus megaterium E5 showed potent and wide-
spectrum a ntimicrobial activity. Ata c ulture
condition of 35 °C, the E5 isolate pr oduced
supernatant showing antimicrobial activity against
all the organisms tested (both Gram-positive and
Gram-negative ba cteria a nd f ungi). T he r esults
revealed a hi gh degree of a ntimicrobial a ctivity
(zone of inhibition more than or equal to 18 mm)
towards Escherichia coli, Klebsiella sp.,
Pseudomonas aeruginosa, Enterococcus faecalis
(Table-1). Several Bacillus isolates de monstrated
antagonistic a ctivity againsta br oad r ange of
bacterial strains Bacillus subtilis isolate 259 (from
broilers) pr esented thel argestant ibacterial
spectrum, exhibiting inhi bitory a ctivity against
several Gram positive species such as Clostridium
perfringens, Enterococcus faecalis,
Staphylococcus aureus and different Bacillus
species U519,

PCR a mplification pe rformed w ith uni versal
bacterial 16S rRNA primer produced a fragment
of approximately 1500 bp. T he sequence of 16 S
rRNA from E 5 strain was a ligned against the
nearest B LAST sequences us ing th e mul tiple-
alignment C ULSTAL W pr ogram. Phylogenitic
analysis using 16S r RNA s equencesa ndt he
neighbor-joining method showed the ES5 strain is a
member of Bacillus megaterium close to Bacillus
cereus, Bacillus  mucilaginosus,  Bacillus
gaemokensis and Bacillus massiliensis (Fig 1).
The G C-MS a nalysis of Bacillus megaterium
methanolic extract s howed that t he ex tract w as
seven m ajor c ompounds. T hey were (1) Geranyl
3-methylbutanoat, (2) 1-Dodecanol, ( 3) Beta-H-
Pregnane, (4) 9-Hexadecanoicaci d, (5) 9-
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Octadecenoic aci d, ( 6) 1,2-Diazabicyclo 2-
2.2.octan-3-one, (7) L-Proline. The bioactivity o f
the compounds resulted from Bacillus megaterium
methanolic crude extract was estimated and found
to be positive against urinary tract pathogens the
inhibition zone were ranged from 13t o 18 mm.
Our data presented the highest zone of inhibition
against Enterococcus faecalis. T his s train of

Bacillus megaterium E5 with supernatant showing
high degree of thermal stability opens new insight

into the future application of antibiotics.

Figure 1 : N eighbour-joining tree s howing t he p hylogenetic
relationshipo fE 5t he members oft heg enus Bacillus.
Booststrap values expressed as percentage of 100 replication
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Figure 2: GC-MS Aanalysis of methanolic extract from marine
bacteria
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Table 1 : Antimicrobial a ctivity of p rimary a nd s econdary
(methanolic ex tract) o f Bacillus megaterium (E5)a gainst
Urinary tract (UTI) pathogens

Zone of inhibition (mm)
Target organisms Primary screening  Secondary screening
(Methanolic crude extract)

E.coli 11 13
Klebsiella sp. 12 15
Pseudomonas 10 12
aeruginosa

Enterococcus 15 18
faecalis
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Table 2: M orphology a nd b iochemical t est for identification of (ES

strain)
S. No Characteristics Results

1 Colony morphology Circular

2 Pigment White

3 Gram’s reaction Positive

4 Indole test Negative

5 Methyl red test Positive

6 VogesProskauer test Negative

7 Citrate utilization Positive

8 Urea hydrolysis Positive

9 Catalase test Positive

10 Oxidase test Positive
11 Nitrate test Positive
12 Gelatin hydrolysis Negative
13 Sucrose Negative
14 Glucose Negative
15 Lactose Negative
Table 3: GC-MS Analysis of methanolic extract
Compound Molecular Molecular i
Peaks Name Formula Weight Activities
Geranyl 3- Antimicrobial
4435 methylbutanoat CisH02 238 activity
13.777 1-Dodecanol C2H»O 186 Antibacterial
16.638  Beta-H-Pregnane C; Hjse 288 Antibacterial
16.728 iﬁexad“a“o‘c CiyHyu0, 270 Antimicrobial
Bronchitis,
9-Octadecenoic Rheumatalgia,
18.804 acid CisH360, 296 Pneumonia,
Lymphadenitis.
1,2-Diazabicyclo C¢H;oON Reduce blood
18.976 2-2.2.octan-3-one - 126 microfilaria.
20.752  L-Proline CsHy0, 115 Antibacterial
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