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Anti-Aeromonas and cell membrane lytic bacteriocin substance, subtilosin A producing Bacillus subtilis VT03 was 
explored. Strain VT03 was isolated from freshwater fish (Tilapia) intestine and screened for its antimicrobial activity against 
four pathogenic strains of Aeromonas spp. causing gastroenteritis and hemorrhagic septicaemia. Isolate (VT03) was 
identified showing inhibition in agar spot assay. The strain VT03 was the one exhibiting strong inhibition and identified as 
Bacillus subtilis using 16S rRNA sequencing. Cell free supernatant (CFS) of the strain VT03 was active against pathogenic 
strains of Aeromonas spp, subsequently CFS was partially purified and designated as PPB-VT03 showing inhibition against 
A. hydrophila ATCC 49140. PPB-VT03 completely lost its activity upon treating with proteinase K revealing that the
defense molecule could be proteinaceous in nature. Based on polymerase chain reaction (PCR), functional gene coding for
subtilosin A (sboA) was found to be present whereas subtilin (spaS) was absent. The role of partially purified bacteriocin of
isolate VT03 (PPB-VT03) through FTIR and SEM analysis revealed the activity of cell lysis. The study demonstrated the
potential use of subtilosin A producing Bacillus subtilis as a potent source for antibacterial peptide.
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Introduction 
The need for integrated disease management is 

emphasized largely since commercial aquaculture is 
being affected by bacterial diseases. Pathogens that are 
envisaged in infecting aquatic products belong to the 
genera Aeromonas, Nocardia, Streptococcus and 
Vibrio. Even though bacterial pathogens are 
opportunistic, Aeromonas hydrophila is the challenging 
as well as the most harmful bacteria causing severe gill 
and skin diseases among freshwater fish species1.  

The deadly hemorrhagic septicemia and epizootic 
ulcerative syndrome are the common diseases due to 
A. hydrophila and exposing symptoms like local
hemorrhages in the gills, anal area, dropsy, blisters,
abscesses, scale protrusion, exophthalmia, tail rot, fin
rot, abdominal swelling, anemia, accumulation of
ascetic fluid, damage to the organs, notably kidney and

liver2. Bacterial pathogen A. hydrophila could be the 
foremost contributing factor of ulcerative disease in 
cultured fish in Indo-Pacific region3, Thailand and 
Malaysia4.  

Bacteriocins are ribosomally synthesized peptides 
which have major impacts on the growth and survival 
of other microorganisms. Colicins come under the 
category of bacteriocin5, and most of the Gram-positive 
bacteria secrete antimicrobial peptides. Strains of 
Bacillus spp. are ‘generally recognized as safe’(GRAS) 
bacteria6 and produces lantibiotic bacteriocins 
including Bacillus stearothermophilus7, B. megaterium8 
and B. subtilis9. Bacteriocins could be a possible 
alternative for xenobiotics or antibiotics and they could 
defend to control the pathogenic strains. 

The present study was designed to investigate the 
role of bacteriocin substances of Bacillus subtilis 
VT03, possessing narrow spectrum against fish 
pathogenic strains. It was characterized using PCR 
detection conferring the presence of subtilosin A. 
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The action against A. hydrophila was observed using 
scanning electron microscopy. The observation would 
make a pavement that subtilosin could act against  
fish pathogenic strain causing gastroenteritis and 
hemorrhagic septicaemia. 
 
Materials and Methods 
 

Bacterial Strains and Culture Conditions 
Bacterial strain VT0310 of normal microflora from 

the gut of freshwater fish tilapia (Oreochromis 
mossambicus) was isolated and screened for the 
presence of antagonistic activity against four strains 
of Aeromonas spp. VT03 exhibited antagonistic 
activity against Aeromonas spp. in agar spot assay. 
The 16S rRNA gene of the strain was submitted and 
assigned accession no. as KC512905 in the GenBank 
database. The promising strain VT03 was further 
studied and maintained in Bacillus agar. Pathogenic 
strains such as A. hydrophila (ATCC 49140),  
A. hydrophila (MTCC 1739), A. sobria (MTCC 3613) 
and A. hydrophila (OIE Reference laboratory, 
Vellore) were maintained in tryptic soy agar (TSA) 
(Himedia, India).  
 

Antibiogram Test 
In order to assess the antibiotic sensitivity of  

the strain VT03, the antibiotic discs (ampicillin, 
amoxycillin, cephalexin, gentamicin, penicillinG and 
streptomycin) were placed on Mueller Hinton Agar 
(MHA) plates seeded with 6 hours culture of VT03 and 
incubated for 24 h at 37oC11. The plates were observed 
for the zone of inhibition and the pattern was categorized 
based on the data rendered by the manufacturer. 
 

Antibacterial Activity of the Cell Free Supernatant (CFS) 
(Well Diffusion assay) 

Antimicrobial activity was assessed by standard 
disc and well diffusion method according to National 
Committee for Clinical Laboratory Standards 
(NCCLS). An active culture of VT03 was screened 
for the ability of growth inhibition against four 
indicator strains mentioned above. An overnight 
culture of the strain VT03 was centrifuged to get cell-
free supernatant (CFS) at 6,500 × g. The pH of the 
CFS was adjusted to 7.0 using 1N NaOH. The 
antibacterial activity of this neutralized CFS was 
evaluated using agar well diffusion assay12.  
 

Production and Purification of Bacteriocin Substances from 
CFS-VT03 

Strain VT03 was cultivated in nutrient broth for 18 h 
at 37°C and pelleted down at 6,500 × g for 10 min. An 
equal volume of chloroform was added to the CFS 

(CFS-VT03) under continuous stirring and followed 
by centrifugation to separate the chloroform extract.  
It was dehydrated and concentrated using lyophilizer 
(Lark Innovative Fine Teknowledge, India). The 
lyophilized content was re-suspended in sterile 
distilled water and designated as PPB-VT03 (partially 
purified bacteriocin – VT03)13.  
 

Antibacterial Activity of PPB-VT03  
The antibacterial activity of the PPB-VT03 was 

tested using agar well diffusion assay12 with A. 
hydrophila (ATCC 49140) as an indicator organism. 
PPB-VT03 was treated with proteolytic enzyme like 
proteinase K (P2308; Sigma) (in 0. 01 M phosphate 
buffer, pH 7. 0)14.  
 

PCR Detection of Bacteriocin Genes from VT03 
Genomic DNA was extracted from overnight 

cultures of VT0315. PCR reaction was performed to 
assess the presence of bacteriocin substances (subtilin 
and subtilosin) produced by the strain VT03. To 
specifically recognize the functional genes of subtilin 
(spaS) and subtilosin (sboA), two of the primers were 
used16 as follows:  
 

Subtilin spaS-f (Forward) 
(5’-TGTCATGGTTACAGCGGTATCGGTC-3’) 
spaS-r (Reverse) 
(5’- AGTGCAAGGAGTCAGAGCAAGGTGA-3’) 
Subtilosin sboA-f (Forward) 
(5’-CATCCTCGATCACAGACTTCACATG-3’) 
sboA-r (Reverse) 
5’-CGCGCAAGTAGTCGATTTCTAACAC-3’) 
 

A reaction mixture of 50 µl containing 10 ng of 
genomic DNA, PCR mix (Taq buffer 10X, 25 mM 
MgCl2, 25 mM dNTPs and Taq polymerase) 
(Ampliqon) and 20 µM of both forward and reverse 
primers (Eurofins Genomics) was prepared. A PCR 
temperature profile as 94°C for 1 min was used 
initially; then 30 cycles of 94°C for 1 min, 50°C for 
30 sec, 72°C for 1 min and a final extension step  
at 72°C for 10 min was used. PCR products were 
sequenced and submitted to GenBank under the 
accession no. KP279466.  
 

Fourier-Transform Infrared Sectroscopy (FTIR)  
To study the mode of action of the bacteriocin 

substances PPB-VT03 on the cell membrane, the 
PPB-VT03 treated Aeromonas hydrophila (ATCC 
49140) was subjected to FTIR analysis14. The cells 
were pelleted and treated with 1 ml of PPB-VT03 
preparation of Bacillus subtilis. The treated and 
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untreated cells of the indicator organism were washed 
thrice with distilled water. The washed cells were 
lyophilized to remove moisture and powdered. The 
cells were mixed with finely grounded potassium 
bromide and the FTIR spectrum was recorded using a 
FTIR spectrometer (Perklin Elmer, USA). 
 
Scanning Electron Microscopy (SEM) 

To study the morphology of the indicator organism 
and to determine the mode of action of the PPB-
VT03, SEM analysis was carried out14. To discover 
the effect of PPB-VT03 on cell morphology, the cell 
pellet of A. hydrophila (ATCC 49140) grown in 
tryptic soy broth for 12 h at 37°C was suspended in 
the PPB-VT03 preparation (1 ml) and incubated for 
30 min. The PPB-VT03 treated and untreated cells 
were processed for SEM. The cells were harvested by 
centrifugation at 6,500 × g for 15 min and fixed  
using 2.5% (v/v) aqueous glutaraldehyde for 2 h. 
These cells were dehydrated using a gradient of ethyl 
alcohol (10 – 100%) and a final wash was done  
with absolute ethyl alcohol. The dried cells were  
gold plated and subjected to SEM (LEO 435-VP; 
Cambridge, UK). 
 
Results  

A. hydrophila VT03 strain possessing defense 
against the four pathogenic strains in agar spot assay 
was studied. CFS of VT03 strain was the most 
promising in well diffusion assay too. It was 
suspected whether extracellular protein present in the 
CFS of strain VT03 might be the reason and it was 
further studied. The strain VT03 was subjected to six 
antibiotics for their susceptibility pattern. The  
pattern of susceptibility to individual antibiotics was 
assessed. The strain VT03 was susceptible (S) to 
ampicillin, amoxycillin and gentamicin. In the case of 
cephalexin, penicillinG and streptomycin, the strain 
was moderately susceptible (MS). 

After partial purification, the reproducible 
antibacterial spectrum of PPB-VT03 was assessed 
against an indicator strain, A. hydrophila (ATCC 
49140). The partially purified bacteriocin substances 
possess the antagonism feature. It lost its activity 
completely upon proteinase K treatment. In specific, 
bacteriocin substance might be present corresponding 
to subtilin and subtilosin since the strain is  
Bacillus subtilis. It was suspected that one of  
these peptide molecules or both of the strain VT03 
might be responsible for the inhibition activity against 
indicator strain.  

The genes coding for subtilosin A (sboA) and 
subtilosin (spaS) have been cross checked in PCR 
detection. The results showed that the strain VT03 
was found to be negative for the functional gene-
encoding subtilin (spaS) and positive for subtilosin 
(sboA) functional gene (Fig. 1). FTIR spectra for wet 
dried (lyophilized) cell pellets of A. hydrophila 
(untreated) and A. hydrophila treated with bacteriocin 
substances PPB-VT03 is shown in Figure 2a & b.  
In PPB-VT03 treated cells, there were notable shifts 
in the absorbance depicting the changes occurring due 
to PPB-VT03 action on A. hydrophila cells.  

The cells of A. hydrophila (untreated), showed 
region I to region IV as classical FTIR spectrum. The 

 
 

Fig. 1 — Confirmation of functional gene sboA/spaS. PCR testing 
shows the presence of the sboA functional gene along with 100 bp 
molecular marker. 
 

 
 

Fig. 2 — FTIR analysis of PPB-VT03 treated Aeromonas
hydrophila ATCC 49140; a. (untreated) infrared spectra of 
untreated biomass (control); b. (treated) cell mass treated with 
bacteriocin like substances of Bacillus subtilis. 
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region I showed around 3000-2800 cm-1, which 
represents cell membrane fatty acids. Region II shows 
amide I at 1650 cm-1 and amide II at 1550 cm-1. 
Ultimate region IV shows around 1200 cm-1 
absorption bands. The action of PPB was observed by 
SEM on A. hydrophila (ATCC 49140) cells upon  
30 min of treatment with PPB-VT03 as shown in  
Figure 3. It is clearly understood that the ultimate 
mode of action of PPB-VT03 was the lysis of 
bacterial cell membrane.  
 
Discussion 

In the present study, B. subtilis (KC512905) have 
been isolated from the gut of freshwater fish Tilapia 
(Oreochromis mossambicus) which correlates the 
finding that bacilli have been isolated from carps17. 
The inhibitory action of CFS shown by VT03 in well 
diffusion assay was similar to the observations for 
Alteromonas sp.18, Bacillus sp. BY-919 against the 
pathogenic strain Vibriosis harveyi. There were 
previous reports that non spore former, Lactobacillus 
plantarum 44a exhibited zone of inhibition against  
A. hydrophila and Lactobacillus lactis 18f showing 
inhibition zone of 11.2 ± 1.16 mm and 8.9 ± 2.1 mm 
against A. hydrophila and Staphylococcus aureus 
respectively20. The antagonism was acted against fish 
pathogenic strains by releasing substances with 
bactericidal or bacteriostatic effects. There are several 
factors which might be accountable for the inhibition 
of pathogenic strains like antibiotics, antimicrobial 

peptides, bacteriocins, hydrogen peroxide, lysosymes, 
organic acids, proteases and siderophores21. 

The presence of subtilosin was further confirmed 
by PCR which is the best detecting tool for the rapid 
screening of class II bacteriocin producing strains22. 
PCR has also been employed to reveal the presence of 
the bacteriocins, nisin, pediocin and enterocin A in 
lactic acid bacteria isolated from traditional Thai 
fermented foods23. In PCR detection, B. subtilis strain 
is found to be having the gene corresponding to 
antibacterial peptide subtilosin A. Similar observation 
was made in the strain Bacillus amyloliquefaciens24.  

FT-IR spectra of bacterial cells can be used to 
analyze their total composition, including proteins, 
fatty acids, carbohydrates, nucleic acids, and 
lipopolysacharides. Earlier reports were made on 
bacterial systems having region I to IV25. Region I 
consisted of three noticeable peaks around 2960, 2925 
and 2860 cm-1 26-29. In the case of region II, bands 
were observed corresponding to proteins and 
peptides30. Region III corresponds to fatty acids as 
well as proteins and phosphate-carrying molecules26. 
Region IV around 1200 cm-1 depicted the presence of 
bands typical of polysaccharides or carbohydrates of 
microbial cell walls29-30. 

It is noteworthy that the effect of bacteriocin 
substances PPB-VT03 on A. hydrophila showed all 
the IV regions in increased intensity (Fig. 2b). This 
could be concluded by the action of membrane 
leakage after bacteriocin treatment. Particularly, the 
C-H vibration regions in the treated cells are more 
pronounced, including the vast CH2 and CH3 bands at 
2976 and 2876 cm-1, respectively. Also, small 
shoulder peak at 3063 cm-1, which is common 
characteristic feature for the CH mode in C = CH-R, 
might reflect an increased content of lipid residues 
containing unsaturated hydrocarbon and CH chains, 
as well as the bending CH (1381 cm-1) and CH2 
scissoring mode (1457 cm-1)31.  

SEM has been widely employed in microbiological 
aspects to characterize the surface structure of 
biomaterials, to measure cell attachment and changes 
in morphology of bacteria32. Our results correlated 
with the findings33 whereas the bacteriocins of 
Pediococcus were known to have bactericidal upon 
pore formation in the cytoplasmic membrane. The 
chronic exposure of antibiotics leads to cause 
resistance in microorganism which has let to have 
more interest towards bacteriocin substances. The 
peptides belonging to bacteriocin substances are 

 
 

Fig. 3 — SEM of PPB-VT03 treated A. hydrophila ATCC 49140:
a. Control; b. 30 min of treatment. 
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considered to be the primary defenders in food and 
clinical applications since the activity is often more-
specific34. Our results would provide an insight towards 
a disease-free environment in aquatic industries.  
 
Conclusion 

Antimicrobial peptide is the need of the hour to 
replace antibiotics/xenobiotics to eradicate pathogenic 
strains. Bacteriocins are reported with its uniqueness 
of antimicrobial nature. In the present study, 
subtilosin A producing B. subtilis strain having 
narrow spectrum against opportunistic pathogenic 
strains Aeromonas spp. isolated from freshwater fish 
gut. Gene conferring subtilosin A was confirmed by 
gene specific primers. Ultimately, the action of 
partially purified bacteriocin was studied using FTIR 
and SEM. The present study revealed the cell lysis of 
Aeromonas spp. with the help of subtilosin A. Further 
studies are needed to understand the interaction 
between subtilosin A and extracellular proteins of 
Aeromonas spp. prior to lysis.  
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