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Abstract: Pomegranate cultivation in the Indian peninsular region, particularly in Maharashtra, significantly
contributes to farmers' economic well-being but faces threats from microbial diseases, notably bacterial blight
caused by Xanthomonas axonopodis pv. punicae. This study aimed to evaluate the antibacterial potential of
bacteriocin produced by Lactobacillus helveticus PMP-6 (Genebank accession number MT 444488) against said
pathogen. The bacteriocin was purified, resulting in a specific activity increase from 233.849 AU/mg to 3615.81
AU/mg. Antibacterial assays demonstrated that the purified bacteriocin effectively inhibited X. axonopodis Xpp-
1 at 40°C and pH 7.0, with a minimal inhibitory concentration (MIC) of 300 mg/ml and a minimum bactericidal
concentration (MBC) of 400 mg/ml, particularly in the absence of proteases. SDS-PAGE analysis revealed a
molecular weight of approximately 17 kDa for the isolated and purified bacteriocin. The efficacy was validated
through the Detached Leaf Assay (DLA), confirming that treated samples exhibited no symptom development
over 96 hours. This research represents the first documentation of the antagonistic activity of Lactobacillus
helveticus PMP-6 against X. axonopodis, suggesting its potential as an eco-friendly biocontrol agent to enhance
Pomegranate production and promote sustainable agriculture while reducing reliance on agrochemicals.

Keywords: bacterial blight; pomegranate; Lactobacillus helveticus; bacteriocin; Xanthomonas axonopodis;
biocontrol agent; antibacterial activity; purification; Minimal Inhibitory Concentration (MIC); sustainable
agriculture

1. Introduction

The area dedicated to horticultural crops in India has significantly expanded over the past few
decades. Punica granatum L., commonly known as Pomegranate, stands out as an ancient fruit crop
often referred to as the "fruit of paradise" in Arabic and Hebrew [1]. Its cultivation dates back to early
historical periods, reflecting its rich heritage (Indian Council of Agricultural Research, 2015).
"Pomegranate” derives from the ancient Egyptian word ‘Arhu-mani.” The Romans originally referred
to the fruit as "Malum punicum" (punic apple or apple of Carthage), a name later formalized by Carl
Linnaeus as Punica granatum. Approximately 90% of the world's Pomegranate plantations are
centered in Asia and Europe, with North Africa contributing 9% and North America less than 1% [2].
In the Indian peninsular region, the cultivation of Pomegranate has spread extensively due to high
demand and export potential, as well as favorable climatic conditions in arid and semi-arid provinces,

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202412.1054.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2024 d0i:10.20944/preprints202412.1054.v1

especially in the Deccan Plateau, which includes Maharashtra, Uttar Pradesh, Andhra Pradesh,
Gujarat, Karnataka, and Tamil Nadu [3]. Maharashtra, which contributes over 70% of India's
Pomegranate cultivation area, is renowned for its Ganesh and Bhagwa varieties [4], earning the
designation of the “Pomegranate basket of India” [5]. Karnataka and Andhra Pradesh are also notable
contributors to Pomegranate production.

The World Health Organization (WHO) and the Indian Council of Medical Research (ICMR)
recommend daily fruit consumption of 60g and 92g per person, respectively. However, the average
intake is only 46g per person due to various [6], revealing a significant gap between supply and
demand. Pomegranates are rich in essential nutrients, including sugars, organic acids, polyphenols,
and vitamins [7], and they play a vital role in the treatment of conditions such as AIDS, cancer, and
cardiovascular diseases [8].

Despite its benefits, Pomegranate cultivation faces challenges, particularly from bacterial blight
(BB), also known as nodal blight, black spot, oily spot, or Telya (a local name in Maharashtra) [9]. This
disease, caused by the proteobacterium Xanthomonas axonopodis pv. punicae, can lead to domestic
demand declines and export market losses of up to 80% [10], with yield losses ranging from 70% to
90% [11]. Statistical reports indicate that 25% to 30% of total production costs are allocated to plant
protection [12], causing significant financial burdens that have led some farmers to uproot their crops
due to unbearable losses. Hingoranii and Mehta (1952) described the symptoms of BB as irregular 2-
5 mm spots on leaves and fruits, initially water-soaked and light brown, progressing to dark brown
necrotic spots accompanied by chlorosis. Over time, L- or Y-shaped cracks develop on the fruit
pericarp [13]. The disease typically proliferates from June to October, peaking in September and
October, before diminishing, leaving behind oily spots on fruit and leaves. Factors such as
temperature, humidity, and rainfall influence disease severity, as do virulence factors like the Type
III secretion system (T3SS), exopolysaccharides, extracellular enzymes, toxins, and quorum sensing
signaling [14,15].

To mitigate bacterial blight, various conventional and contemporary methods have been
explored, including the development of novel varieties through tissue culture [16,17], genetic
modification [18], and the application of synthetic agrochemicals, antibiotics, and pesticides.
Standard chemotherapeutic agents against BB include streptocycline, Paushamycin, and
combinations like streptocycline with copper oxychloride. Despite these efforts, production losses
due to bacterial blight remain persistent.

The indiscriminate use of agrochemicals and antibiotics has severely impacted agricultural
sustainability, leading to acute toxicity, long degradation periods, food chain accumulation, gene
transfer to pathogens, ecosystem pollution, loss of genetic diversity, and reduced soil productivity
[19]. This has resulted in stringent regulations in various countries, complicating the management of
plant diseases due to a scarcity of effective bactericides. Consequently, eco-friendly and cost-effective
biocontrol methods are increasingly viewed as viable alternatives to support sustainable agriculture
and green consumerism [20].

Research has identified several microorganisms with antagonistic potential, including
Pseudomonas sp., Rahnella aquatilis [21], Trichoderma virida, Pseudomonas fluorescens, Bacillus
subtilis, Pseudomonas aeruginosa, and Lactobacillus sp. that can serve as potential biocontrol agents.
While certain species of Bacillus and Pseudomonas have been extensively studied for their efficacy
against plant diseases, their effectiveness against bacterial blight remains limited. Therefore, there is
considerable potential to explore other microorganisms with probiotic and antagonistic properties,
such as lactic acid bacteria (LAB), as biocontrol agents against Xanthomonas axonopodis pv. punicae
[22].

LAB have been utilized in dairy and fermented foods since ancient times and are currently
employed across various sectors due to their "generally recognized as safe" (GRAS) status, as
recognized by the FDA [23]. The biocontrol potential of Lactococcus, Leuconostoc, Enterococcus, and
Pediococcus against fungal infections in Pomegranate fruits, suggesting the potential use of LAB for
other plant diseases [24]. Consequently, characterizing the antimicrobial substances produced by
probiotic LABs is crucial. LAB-produced bacteriocins, which are positively charged, can interact with
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the negatively charged cell membranes of target pathogens through a "barrel-stave mechanism"
[25,26], leading to membrane thinning and pore formation while preserving the integrity of the
producer cells. Bacteriocins are recognized as safe, heat-tolerant, pH-stable, and exhibit a broad
antimicrobial spectrum with bactericidal activity, often encoded by plasmids [27]. Therefore,
exploring eco-friendly, cost-effective biocontrol agents is essential for improving fruit production and
minimizing economic losses. Despite isolating several bacteriocin-producing LABs, the search for
new strains with antagonistic activity against Xanthomonas axonopodis pv. punicae remains crucial to
expand the arsenal of available antimicrobial agents.

2. Materials and Methods
2.1. Sampling, Enrichment and Isolation of Lactic acid bacteria

Samples were collected aseptically from local agriculture and dairy farms, including whey, raw
milk, curd, cheese, paneer, spoiled dairy products, rose inner petal whorls, and spoiled vegetables.
Enrichment was carried out in sterile MRS medium by adding 1 ml (v/v) or 1 g (w/v) of sample and
incubated micro-aerobically at 37°C for 24 hours. Isolation of LAB was performed as described by
Reuben et al. (2019)[28]After incubation, small, whitish, catalase and peroxidase-negative, discrete
bacterial colonies were selected randomly and streaked on MRS agar to check the isolates” purity.
Isolates were preserved in MRS soft agar (0.7%) overlaid with glycerol at -20°C.

2.2. Isolation and Identification of Xanthomonas axonopodis pv. Punicae

Infected Pomegranate plant parts (fruit, leaf, twig) of the Ganesh variety from local orchards
were aseptically collected. Surface sterilization was performed with 0.1% HgCl2 (w/v), and the
samples were crushed in 2 ml sterile saline (0.85% NaCl). A 50 pl aliquot of the crushed sample was
inoculated onto Glucose Nutrient Agar and incubated at 30°C for 48-72 hours [29]. After incubation,
discrete, convex, mucoid, bright yellow colonies were selected, purified, and identified using
morphological and biochemical methods for further study.

2.3. Screening of Bacteriocin Producing Lactic Acid Bacteria

Isolated LAB were screened for antibacterial activity against isolated and identified Xanthomonas
axonopodis pv. punicae (Xpp) using the agar overlay method ([30].

2.4. Phylogenetic Identification of Promising LAB Isolate

LAB isolates were identified phylogenetically using 16S rRNA gene sequencing. The PCR
conditions included a 20 ul reaction mixture containing 30 ng template DNA, 1.5 mM MgCl2, 0.2 mM
dNTPs, 1 pM each primer, and 1 U Taq DNA polymerase, utilizing universal Lac16S forward primer
(5’ AATGAGAGTTTGATCCTGGCT3") and Lac16S reverse primer
(5 GAGGTGATCCAGCCGCAGGTT3'). Initial denaturation occurred at 94°C for 2 minutes, followed
by 35 cycles of denaturation at 94°C for 30 seconds, annealing at 52°C for 30 seconds, and elongation
at 72°C for 30 seconds, with a final elongation step at 72°C for 5 minutes [31]. A 600-700 bp amplicon
was sequenced using an automatic gene sequencer (Hitachi-3130xl). The sequence was compared
with LAB strains in the NCBI BLAST library, a phylogenetic tree was constructed using MEGA 4.0
(http://megasoftware.net/features.html), and the sequence was submitted to GenBank for accession.

2.5. Batch Fermentation and Extraction of Bacteriocin

Batch fermentation of bacteriocin was carried out in sterile MRS broth by inoculating 5%
inoculum (5x10"5 cfu/ml) of the promising LAB isolate and incubating microaerobically at 37°C for
24 hours [32]. Aliquots of samples (2 ml) were removed from the fermentation broth at 3-hour
intervals, centrifuged at 12,000 rpm for 15 minutes, the pH was adjusted to 7.0, and 100 pl of catalase
enzyme was added to neutralize the effect of H202 and evaluated for antibacterial activity against
Xpp. After fermentation, the produced bacteriocin was extracted by ammonium sulfate precipitation
and chloroform-methanol extraction method [33].


https://doi.org/10.20944/preprints202412.1054.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2024 d0i:10.20944/preprints202412.1054.v1

2.6. Ammonium Salt Precipitation and Chloroform-Methanol Extraction

The fermented broth was harvested by centrifugation at 12,000 rpm for 15 minutes, and the pH
of the cell-free supernatant (CFS) was adjusted to 7.0 to neutralize acids. The CFS was precipitated
and harvested by adding 70% ammonium sulfate and centrifugation at 12,000 rpm for 20 minutes at
4°C, respectively. The pellet was suspended in 50 mM Sodium Phosphate buffer (pH 6.8) and labelled
as crude bacteriocin preparation (CBP). Further, the CBP was subjected to solvent extraction using an
equal volume of a mixture of chloroform-methanol (2:1 v/v) for 1 hour at 4°C. The precipitate
developed at the solvent-aqueous interface was collected, air-dried, and dissolved in 5 ml of 50 mM
Sodium Phosphate buffer (pH 6.8) and labelled as partially purified bacteriocin (PPB)[33]. The protein
concentration and antibacterial activity of CFS, CBP, and PPB were evaluated using a Nanodrop
spectrophotometer at 280 nm (Nanodrop 2000, Thermo Fisher Scientific) and the agar well diffusion
assay method (AWDA) respectively [34]. The activity units of the extracted bacteriocin were
determined by serial two-fold dilution and tested against Xpp.

2.7. Purification of Bacteriocin
2.7.1. Cation Exchange Chromatography

Cation exchange chromatography was performed using an SP-Sepharose column (2 x 10 cm)
prepared with 15 ml SP-Sepharose in 50 ml distilled water and equilibrated with 20 mM sodium
phosphate buffer (pH 5.7). A 2.0 ml PPB sample was applied at a 0.5 ml/min flow rate. The column
was washed with 30 ml of the same buffer and eluted with a stepwise gradient of 0.2-2 M NaCl in 20
mM sodium phosphate buffer at a flow rate of 1 ml/min, with fractions collected every 2 minutes.
Protein concentration was measured at 280 nm using a UV-visible spectrophotometer (Elico) [35],
and antimicrobial activity was assessed by the AWDA method. Active fractions were further analyzed
using gel filtration chromatography.

2.7.2. Gel Filtration Chromatography

Active fractions from cation exchange chromatography were further purified by gel filtration
using Sephadex G-50. Two grams of Sephadex G-50 were soaked in 50 ml of 50 mM phosphate buffer
(pH 6.5) for 48 hours at room temperature. The gel was then packed into a 2 x 10 cm column. A 2 ml
sample (active fraction) was loaded onto the column, which was eluted with 50 mM phosphate buffer
(pH 6.5) at 0.5 ml/min, with fractions collected every 2 minutes [36]. Active fractions were pooled and
subjected to final purification by RP-HPLC.

2.7.3. Reverse Phase High-Performance Liquid Chromatography (RP-HPLC)

Final purification was performed using RP-HPLC on an Agilent TC system with a C18 column
(4.6 x 250 mm) from the Agilent 1100 series. The gradient was created using 0.1% trifluoroacetic acid
(TFA) and acetonitrile containing 0.1% TFA. A 2 ml active fraction from gel filtration chromatography
was applied to the column. The column was first washed with 20% acetonitrile for 10 minutes and
then eluted with a gradient of 0.1% TFA and 20-80% acetonitrile over 55 minutes [36]. Fractions were
collected every 5 minutes and assessed for protein concentration at 280 nm. Fractions with the highest
protein concentrations were selected for antimicrobial activity studies.

2.8. Determination of Molecular Weight by SDS-PAGE

Active fractions from RP-HPLC showing significant antibacterial activity against Xanthomonas
axonopodis pv. punicae (Xpp) were analyzed for molecular weight using SDS-PAGE, with a molecular
weight marker (1.2 kDa to 70 kDa) (Sigma) as the standard.
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2.9. Effect of Physical and Chemical Factors on Purified Bacteriocin
2.9.1. Effect of Temperature

The effect of temperature on the purified bacteriocin was assessed by heating 1 ml of the active
fraction (from RP-HPLC) at 40°C, 50°C, 60°C, 70°C, and 80°C. Samples were taken at 15, 30, 45, and
60 minutes [37] and tested for loss of antagonistic activity.

2.9.2. Effect of pH

The effect of pH was studied by adjusting the purified bacteriocin (1 ml) to pH 3, 4,5,6,7, 8, 9,
and 10. The sample was incubated at room temperature for 2 hours before testing the residual
antibacterial activity against Xpp [38].

2.9.3. Effect of Enzymes

The effects of proteolytic enzymes (trypsin, pepsin, and papain) were evaluated by incubating
the bacteriocin with 1 mg/ml of each enzyme at 37°C for 1 hour, followed by residual activity testing
against Xpp [38].

2.10. Antibacterial Susceptibility of Purified Bacteriocin and MIC and MBC Spectra

The purified bacteriocin’s antibacterial activity checked against Xanthomonas axonopodispv.
punicae (Xpp) with AWDA by spreading 100l of culture (5x10° cfu/ml) on Glucose Nutrient agar
(NGA) and 100ul of purified bacteriocin added into the wells, plates kept in the refrigerator for 30
min. to diffuse bacteriocin in agar. After diffusion, plates were incubated at 30°C for 24hours. The
MIC and MBC spectrum of purified Bacteriocin was carried out as per the Clinical and Laboratory
Standard Institute (CLSI) guidelines [39]. The Broth Microdilution method was used for MIC
determination where the Glucose Nutrient Broth (NGB) was mixed with various dilutions of
extracted and purified bacteriocin, inoculated with 100pl (5X10%) Xpp, and incubated at 37°C for
48hrs. For MBC evaluation, the cultures from well showing MIC and above MIC concentrations were
streaked on the NGA medium and incubated at 37°C for 48hrs. [40].

2.11. In Vivo Antibacterial Activity of Purified bacteriocin against Xpp

The antibacterial activity of RP-HPLC purified bacteriocin against isolated Xpp was determined
by Detached Leaf Assay (DLA). In which fully expanded leaves of Pomegranate cv. Ganesh were
collected and surface sterilized with 70% ethanol for 1min., followed by 2% Sodium hypochlorite for
3min. and finally washed with sterile distilled water. The isolated and identified Xpp culture (200ul)
was inoculated (OD 600=0.4) on both control and test labelled leaves by gentle rubbing with abrasive
and purified bacteriocin (400mg/ml) was sprayed over the leaves. The leaves were kept in plates and
lined with sterilized filter paper to maintain humidity and incubated at 30 °C for 72hrs. and
development of symptoms were monitored for 96 hrs [41].

2.12. Statistical Analysis

All experiments were conducted in triplicate, and results are expressed as mean + standard
deviation. Statistical analysis was performed using Microsoft Excel.

3. Results
3.1. Isolation of Lactic Acid Bacteria (LAB)

A total of 33 presumed LAB colonies were isolated based on negative catalase activity. LAB were
detected in all source samples, with the highest proportions found in curd and indigenous cow milk
(isolation percentage (IP) 15.15% each) and a minimal presence in wine (3.30%).

3.2. Isolation of Xanthomonas axonopodis pv. Punicae

Isolation of the bacterial blight pathogen is crucial for studying its etiology, spread, and
management. Five colonies presumed to be Xanthomonas sp., characterized by their circular, convex,
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light to deep yellow, mucoid appearance, were isolated. These colonies were further characterized
based on morphological and biochemical parameters.

3.3. Screening of Bacteriocin Producing LAB

A total of 33 LAB isolates were screened for antibacterial activity against Xanthomonas axonopodis
pv. punicae (Xpp-1). The isolates that exhibited a clear growth inhibition zone against Xpp-1 were
selected as promising bacteriocin producers (Table 4). The screening revealed that, out of the 33
isolates, only 6 (PMP-6, PMP-13, PMP-18, PMP-23, PMP-27, and PMP-33) demonstrated a
considerable zone of inhibition against Xpp-1 (Figure 1). This indicates that 18.18% of the LAB isolates
were bacteriocin producers. Of these 6 isolates, 3 exhibited clear and transparent inhibition zones,
while the remaining 3 showed turbid or semi-transparent inhibition zones against the test
microorganism.

PMP-23

(a) (b)

Figure 1. Screening of bacteriocin-producing Lactic acid bacteria by the Agar overlay method. Plated on MRS
agar and overlayed with Xpp-1, the clear zone (PMP-6) and turbid zone (PMP -23) of growth inhibition of Xpp-
1 were observed following incubation at 37°C for 24 hrs.

3.4. Characterization of Promising LAB Isolates

Morphological and biochemical characterization identified the antibacterial activity of six
presumed LAB isolates. Microscopic observations revealed that four out of six LAB isolates were rod-
shaped, while two were cocci-shaped.

The antibacterial activity of isolates showing clear and transparent zones (PMP-6, PMP-13, and
PMP-23) was confirmed separately in MRS broth, incubated micro aerobically at 37°C for 24 hours.
Out of the three LAB isolates, only PMP-6 showed an effective and considerable growth inhibition
zone against Xanthomonas axonopodis pv. Punicae Xpp-1, while PMP-13 and PMP-23 did not show an
inhibition zone. Hence, PMP-6 was selected as a promising bacteriocin producer and used for
production studies.

After confirmation of the antimicrobial activity of PMP-6, it was identified by PCR amplification
(Figure 2) and 16S rRNA gene sequencing. Results revealed that the gene sequence of PMP-6 shows
maximum similarity with Lactobacillus helveticus, which has accession number AB008210 (Figure 3),
so the isolate PMP-6 is designated Lactobacillus helveticus PMP-6. Further, the 165 rRNA gene
sequence of PMP-6 was deposited into the National Centre of Biotechnology Information (NCBI) with
accession number MT444488.
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Figure 2. 165 rRNA gene amplification of PMP-6 LAB isolate by Polymerase Chain Reaction (From The hand,
the second well was loaded with marker, and the third and fourth wells were loaded with 165 rRNA gene).

49 PMP6
2 AB008210 Lactobacillus helveti

,— DQ123572 Lactobacillus helveti
25 NR 042111 Lactobacillus gallin

MK929074 Lactobacillus intesti
——— DQ123580 Lactobacillus helweti

42 4'——NR1 17060 Lactobacillus helvet
29 AY700063 Lactobacillus sobrius

36

5
Figure 3. The phylogenetic tree of PMP-6 LAB isolates according to 165 rRNA gene sequence, BLAST, and MEGA
4.0 showed similarity with Lactobacillus helveticus (AB008210); numbers at the nodes indicate bootstrap values on
neighbor-joining analysis.

3.5. Batch Fermentation, Extraction, and Purification of Bacteriocin from PMP-6

Batch fermentation results revealed that isolate PMP-6 showed maximum protein concentration
and zone of growth inhibition against Xpp-1 at the exponential phase. At the same time, antibacterial
activity decreased during the stationary and death phases (Data not shown). After evaluation of the
antibacterial activity of cell-free supernatant (CFS), it is precipitated by Ammonium sulfate (CBP),
pulled for solvent extraction (PPB), and used for antibacterial activity determination. A white
precipitate was observed at the interface between Chloroform and culture supernatant fluid during
extraction. Interestingly, the antibacterial activity of the interface layer was more significant than the
solution collected from the lower and upper layers. However, the antibacterial activity of PPB against
Xpp-1 showed an increased zone of growth inhibition compared to the zone observed in CFS. The
PPB was purified by cation exchange, gel filtration, and Reverse Phase High-Performance Liquid
Chromatography (RP-HPLC). Products obtained were evaluated for antibacterial activity. Moreover,
Table 1 represents the protein concentration, total activity, and specific activity of bacteriocin PMP-6
at subsequent purification step, and it inferred that the particular activity of bacteriocin PMP-6 was
increased from 233.849AU/mg in CFS to 3615.81AU/mg in RP-HPLC. It is apparent from Figure 4 that
the peak shows graphs of RP-HPLC of bacteriocin PMP-6, in which fractions were collected at 34 to
36 min. The interval showed amaximum protein concentration. It is apparent from Table 2 and Figure
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5 that bacteriocin PMP-6 showed an increasing zone of growth inhibition, i.e., from 9 mm to 27 mm
against test microorganism during the subsequent purification step.

Table 1. Purification steps for bacteriocin produced by PMP-6 include protein concentration, total activity, and
specific activity.

Purification Volume Protein Total Activity Total  Specific Purification Recovery
step (ml) (mg/ml) Protein units Activity Activity fold (%)
(mg) (AU/ml) (AU) (AU/mg)

CFS 500 3.421+0.014 1710.5 800+1 400000 233.849+0.5 1 100
CBP 100 2.754+0.005 275.4  3200+1.52 320000 1161.94+0.5 4.96 80

PPB 50 1.891+0.0015  94.55 6400+1.52 320000 3384.45+0.02 14.47 80
RP-HPLC 10 1.77+0.005 177 6400£1 64000 3615.81+0.01 15.46 16
Calculations:

1. Activity Units (AU/ml): AU/mI=Reciprocal of the highest dilutionx1000/Volume of bacteriocin added
Protein Concentration: Measured by Nanodrop.

Total Protein: Total Protein=Protein Concentration x Total Volume

Total Activity: Total Activity=Activity (AU/ml) xTotal Volume

Specific Activity (AU/mg): Specific Activity = Total Activity of the subsequent purification step /Total

SAR NN

Protein of the same step

6. Fold Purification: Fold Purification=Specific Activity of subsequent step / Specific Activity of crude
preparation

7. Recovery: Recovery= (Total Activity of the subsequent step / Total Activity of crude preparationx100

rrg MPa
17 5_ worA Ol
3 450
1507 :
] (400
125 :
] — 350
: = :
e ~ 300
75 250
504 6 200
25] F150
001 100
257 —59
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Figure 4. RP - HPLC purification of ppb from pmp-6 inferred fractions collected at 34 to 36 mins. Shows the
highest protein concentration at 280 nm detector.

Table 2. Zone diameter of growth inhibition of Xanthomonas axonopodis pv. pumice Xpp-1 by bacteriocin from
PMP-6 at subsequent purification steps.

Sr. Isolates Zone diameter (mm) of growth inhibition against Xanthomonas
No. axonopodispv. PunicaeXpp-1
Cell-free (70%) Ammonium Chromatographic methods
supernatant salt, and solvent Cation Gel RP-
extraction exchange filtration HPLC
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| 1 | PMP6 9+0.5 | 1241 15+0.5 23+0.57 27+1

Fraction Collected From Gel Filteration

Chromatography

B\ Fraction Collected From Cation Exchange

Chromatography

70% Ammonium Sulphate Precipitation

Fraction Collected From RP-HPLC &

Chromatography

Dialysis

Sterile Distilled Water

Cell Free Supernatant

Figure 5. Antibacterial activity of bacteriocin from LAB isolate PMP-6 against Xanthomonas axonopodis pv. punicae
Xpp-1 at various purification stages by AWDA method showed that the zone diameter of growth inhibition
increased as purification progressed. The clear zones indicate inhibition of bacterial growth by cell-free
supernatant, ammonium sulfate precipitation, dialysis, fractions from cation exchange chromatography, gel
filtration chromatography, and RP-HPLC, compared to the sterile distilled water control.

3.6. Molecular Weight Determination of Purified Bacteriocin

The purified eluted fraction (showing maximum antibacterial activity) from RP-HPLC subjected
to molecular weight determination studies (SDS-PAGE). Figure 6 revealed that the molecular weight
of isolated bacteriocin was =17kDa, as only one protein band was observed alongside the protein.

=17 ko

e T

Figure 6. Molecular weight analysis of RP-HPLC purified bacteriocin from PMP-6 by SDS-PAGE. RP-HPLC
purified PMP-6 bacteriocin loaded on SDS-PAGE gel for molecular weight analysis and observed a single band
having molecular weight to = 17KD alongside of marker (From left: Well A-D, F, and G are empty, well E: sample
(RP-HPLC fraction) and last well contain molecular weight marker).
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3.7. Effect of Physical and Chemical Factors on Bacteriocin PMP-6
3.7.1. Effect of Temperature

It is evident from Table 3 that a purified bacteriocin PMP-6 showed the maximum residual
antibacterial activity percentage (90.476%) against Xpp-1 at 40°C for 15 min. The residual antibacterial
activity decreased at temperatures between 500C and 8000C. However, antibacterial activity was
completely lost at 80°C for 30, 45, and 60 min.

Table 3. Effect of Temperature, pH, and Enzyme on antibacterial activity of PMP-6. bacteriocin.

Sr. Effect of Parameter Zone diameter (mm) of growth | % of Residual Activity
No. inhibition of Xanthomonas against  Xanthomonas
axonopodis pv. punicae Xpp-1  |axonopodis pv. punicae Xpp-1
(°C) Exposure
Timeinmin.
15 21+0.5 100
Control | 37°C 30 22+0.5 100
45 21+0.5 100
60 23£1.0 100
15 19+0.5 90.476
40 30 18+0.5 81.818
45 15+1.0 71.428
60 14+0.5 60.869
15 16+1.52 76.190
50 30 15+0.57 68.181
45 12+1.15 57.142
Temperature 60 10+0.57 43.478
L 15 13+0.57 61.904
60 30 12+0.57 54.545
45 10+0.57 47.619
60 08+0.57 34.782
15 10+0.57 47.619
70 30 09+0.57 40.909
45 07+1.0 33.333
60 06+0.57 26.086
15 08+1.15 38.095
80 30 00 0.00
45 00 0.00
60 00 0.00
Control 6.5 24+1.0 100
3.0 05+0.57 20.833
4.0 08+1.15 33.333
5.0 11+1.0 45.833
2. pH 6.0 18+1.52 75.00
7.0 20+1.73 95.238
8.0 14+1.52 58.333
9.0 04+0.57 16.666
10 00 0.00
Control Untreated 24+1.52 100
Trypsin 00 0.00
3. Pepsin 00 0.00
Enzymes Amylase 19+1.0 79.166
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Lipase 18+1.15 75.00
Alkaliphosphatase 15+0.57 65.500
Catalase 17+1.73 70.833

Values are expressed as triplicate measurements' mean + standard deviation (SD). Abbreviations: Xpp-1:

Xanthomonas axonopodis pv. punicae; °C: degrees Celsius; min: minutes; %: percent. % Residual activity was

calculated by Zone diameter of growth inhibition of treated sample/zone diameter of growth inhibition of
control sample X 100.

3.7.2. Effect of pH

pH stability of purified bacteriocin PMP-6 showed maximum residual antibacterial activity at
pH 7 (95.238%), while antibacterial activity was completely lost at pH 10. However, at pH3 to pH6
and pH8-pH9Y, significantly less residual antibacterial activity was observed than at pH7 (Table 3).

3.7.3. Effect of Enzymes

A purified fraction of bacteriocin PMP-6 was treated with various enzymes to verify the protein
nature of bacteriocin. Figure 7 and Table 3 reveal that Trypsin lost antibacterial activity, while activity
was retained after treatment with other used enzymes.

Figure 7. The effect of different enzymes on the antibacterial activity of purified PMP-6 bacteriocin by the agar-
well diffusion method showed that antibacterial activity was lost when treated with Trypsin.

3.8. Antimicrobial Activity, MIC, and MBC of Purified PMP-6 Bacteriocin Against Xanthomonas
axonopodis pv. punicae Xpp-1

Agar well diffusion assay (AWDA) of purified bacteriocin PMP-6 against Xanthomonas axonopodis
pv.punicae Xpp-1 showed growth inhibition of the stated test microorganism with a considerable zone
of 24mm (Figure 9). Moreover, the Minimum Inhibitory Concentration (MIC) and Minimum
Bactericidal Concentration (MBC) of bacteriocin PMP-6 against Xpp- 1was found to be 300mg/ml and
400mg/ml respectively (Table 4).

Table 4. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) Spectra of
Bacteriocin PMP-6 against Xanthomonas axonopodis pv. punicae (Xpp-1).

Concentration of Bacteriocin PMP-Growth of Xpp-1lat 600 nmNumber of coloniess MIC | MBC
6 (mg/ml) (mg/ml)(mg/ml)
500 - 00
450 - 00
400 - 00
350 - 3+0.57
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300 - 5+1.52 300 400
250 + Not determined
200 + Not determined
150 + Not determined
100 + Not determined
50 + Not determined

Note: Notation (-) means no growth of Xpp-1, while (+) indicates the presence of bacterial growth.

3.9. In Vivo Antibacterial Activity of RP-HPLC Purified Bacteriocin Against Xpp-1

In vivo, validation of antagonistic results of RP-HPLC purified PMP-6 bacteriocin against Xpp-1
was determined by Detached Leaf Assay (DLA). Figure 8 revealed that, following incubation for 96
hrs., symptoms of bacterial blight (water-soaked oily spot) were initiated in the control sample. In contrast,
no bacterial blight symptom was observed on leaves treated with PMP-6 purified bacteriocin.
Moreover, leaves in the control set turned pale yellowish, while leaves in the test set seemed more
greenish, fleshy, and healthy.

peq oo
w

Figure 8. Antibacterial activity of PMP-6 against Xpp-1 by DLA showed no symptoms of BB observed on leaves
for 96 hrs. (a) — Control (Without treatment), (b) — Control (Sterile Distilled Water), (c) — Test (Treated with RP-
HPLC purified PMP-6 bacteriocin), (d) — Symptoms of BB on leaves in control set inoculated with Xpp-1.

(d)

4. Discussion

LAB has attracted much more attention over the last few years due to the production of many
critical antimicrobial peptides and bacteriocins. Total 33 presumed LAB isolated from various source
samples such as Whey (IP 6.06%), Sheep milk (IP 9.09%), Indigenous cow milk (IP 15.15%), curd (IP1
5.15%), cheese (IP 6.06%), paneer (IP 9.09%), spoiled dairy products (IP 12.12%), rose inner petals (IP
6.06%), spoiled vegetables (IP 9.09%), and wine (IP 3.30%). All the used source samples persisted LAB
in more or less proportion as isolation percentage (IP) varies from 3.30% to 15.15%, which indicates
the wide distribution of LAB in the above-mentioned sources. Numerous reports revealed the
isolation of LAB; Trias, et al., (2008) Isolated 56%, 77%, and 100% from Fresh Fruit, raw whole
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vegetables, and packaged ready-to-eat salad vegetables, respectively. Deshmukh and Thorat,
(2014)Isolated and identified Lactobacillus similis RL7 from rose inner petals.

Pomegranate Bacterial blight (BB) pathogen Xanthomonas axonopodispv. punicaeisolated from
infected plant source samples and identified on morphological and biochemical parameters. Many
researchers reported similar morphological characteristics. Gargade and Kadam (2014) isolated
Xanthomonas axonopodiespv. punicaefrom infected fruit showing mucoid, circular, convex, yellow,
round, glistening, and raised colonies with Gram-negative rods, motile, positive for catalase, starch
hydrolysis, and oxidase reaction. Chowdappa et al. (2018) isolated bacterial blight pathogen showing
bright yellow and mucoid colonies from infected leaf and fruit samples. The biochemical character
findings of isolated Xpp-1 matches the results of Raghuwanshi et al., (2013).

All the isolated 33 LABs were screened for their antagonistic potential against Xpp-1, and the
percentage of bacteriocinogenic LAB was found to be 18.18%. Moreover, 3 LAB isolates showed an
opaque (turbid) zone of growth inhibition during screening. The opaque zones observed during
screening may be due to the precipitation of nutrient components in the growth medium by LAB’s
acidic metabolites less permeability of bacteriocin to target bacterial cell or significantly less
concentration of bacteriocin produced. Gajbhiye and Kapadnis, (2017) Detected 62.22% LAB isolates
showed vigorous antifungal activity against used fungal pathogens. The bacteriocinogenic LAB was
identified by morphological and biochemical parameters. Similar morphological and microscopic
observations recorded by Wassie and Wassie, (2016). We did not get even a single report showing the
antibacterial activity of LAB against Xanthomonas axonopodispv.punicaeso; we correlated our
antagonistic LAB results with the other species of Xanthomonas and fungi. Hence, the difference in the
percentage of bacteriocin-producing microorganisms may be due to the difference in test
microorganisms and the source sample used for LAB isolation. Moreover, the current research would
be the first report on antagonistic activity of LAB (Lactobacillus helveticusPMP-6) against isolated
bacterial blight pathogen of Pomegranate.

A broth culture study of three LAB isolates (PMP-6, PMP-13, and PMP-26) showed, out of the
three, only PMP-6 showed a considerable zone of growth inhibition against Xpp-1, while PMP-13 and
PMP-23 do not show an inhibition zone. Hence, PMP-6 was selected as a promising bacteriocin
producer, which was further identified by the 165 rRNA gene sequencing method and designated as
Lactobacillus helveticus PMP-6 (NCBI gene bank accession number MT 444488) based on Sequence
homology in NCBI BLAST and phylogenetic tree (Figure 3) and used for production studies. During
screening studies using the agar overlay method, the isolates PMP-13 and PMP-23 showed growth
inhibition against Xpp-1, but this activity was lost in the broth culture study. Hence, the antibacterial
activity showed by these isolates during screening studies may be due to the production of organic
acids or by any other metabolite (Hydrogen Peroxide), or some bacteria produce bacteriocin in less
quantity that remains attached to the cell wall of the producer cell.

Batch fermentation results revealed that PMP-6 showed maximum protein concentration and
zone of growth inhibition of Xpp-1 at the exponential phase, while antibacterial activity decreased
during the stationary and death phases. Moreover, bacteriocin synthesis is a growth-associated
phenomenon because production occurs during the mid-exponential phase and increases to reach a
maximal level at the end of the exponential phase or the beginning of the early stationary phase,
where maximal biomass was observed [49]. Antagonism by LAB due to metabolic end products such
as acids and Hydrogen peroxide can be erroneously attributed to producing bacteriocin-like
compounds. Attributing the inhibitory activity of LABs’ bacteriocin requires the elimination of other
metabolites produced by LAB isolates. The fermented broth was pulled for salt precipitation and
solvent extraction using Chloroform: Methanol as it dispersed some bacteriocin aggregates.
According to Burdick (1980), chloroform has a polarity index (PI), and solubility in water is 4.0 and
0.815%, respectively. These properties make chloroform most suitable for bacteriocin concentration.
Bacteriocins are amphiphilic peptides with a high affinity towards lipid membranes. The interface
between chloroform and aqueous media creates an ideal environment for the concentration of
amphiphilic substances such as bacteriocins. Sufficient mixing of culture supernatant fluid with
chloroform: methanol allows migration of bacteriocin from the aqueous to the interfacial layer [51].
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Atta et al. (2009) observed an increased growth inhibition zone after ammonium sulfate precipitation
and solvent extraction using chloroform. The PPB was further purified by cation exchange, gel
filtration, and RP-HPLC and evaluated for Protein concentration, Antibacterial activity, Specific
activity, and Recovery. In RP-HPLC (Figure 4), separations were substantially modified by using
Trifluoroacetic Acid (onwards TFA) and acetonitrile [53]. During RP-HPLC, the specific activity of
purified bacteriocin (Table 1) PMP-6 was increased; moreover, the zone diameter of growth inhibition
of test microorganism was threefold increased as compared with CFS (Table 2 and Figure 5). These
results correlate to observations recorded by Simova et al., (2009).

The molecular weight of bacteriocin PMP-6 (=17kDa) (Figure 6) was much higher than numerous
researchers reported, possibly due to the unique Lactobacillus strain used for production. So, following
molecular weight, the bacteriocin PMP-6 may be classified in the Class III group. Evaluation of the
effect of physical and chemical factors on bacteriocin is imperative for its efficacy and wide spectrum
application, specifically for mitigating plant pathogens or plant diseases. The effect of temperature,
pH, and enzymes was evaluated against bacteriocin PMP-6. It was revealed that the present
bacteriocin is very effective at 40°C temperature, pH7, and in th e absence of proteases, specifically
Trypsin (Table 3) as at temperatures above 40°C, pH below and above seven the antibacterial activity
decreases and it is completely lost, in the presence of protease group of enzymes; which showed
that the PMP-6bacteriocin was sensitive to heat, pH and proteases group of enzymes (trypsin) (Figure
7). Although this bacteriocin (PMP-6) was sensitive to above mentioned physical and chemical factors
it would be very effective in the management of BB of Pomegranate; as the conditions mentioned
above are prevalent in Pomegranate crop field and on fruit pericarp. The antibacterial activity of
purified bacteriocin PMP-6 showed a zone of growth inhibition to 24mm zone of growth inhibition
against Xpp-1 by AWDA; moreover, the concentration for MIC and MBC was found to be 300mg/ml
and 400mg/ml, respectively (Table 4). Hence, the MIC and MBC spectra represent the bacteriocin
PMP-6, which possesses good antibacterial and bactericidal activity against tested blight pathogen
Xpp-1. Furthermore, the ratio of MBC/MIC is calculated, and it is < 2 for bacteriocin PMP-6, which
implies it has bactericidal activity. [55].

The In Vitro results of PMP-6 bacteriocin were further validated in the “In Vivo” condition by
DLA method. The encouraging results were observed as symptoms were not developed in the treated
sample for 96hrs. (Figure 8)

5. Conclusion

LABs are important genera and have been used by humanity since ancient times as probiotics,
but it is time to search and illustrate more novel properties for their possible applications in
agriculture, veterinary, food packaging, and pharmaceuticals. In the present study, we get
encouraging findings (probably the first report) for the possible application of LAB in crop protection
concerning BB of Pomegranate. Moreover, the application of LAB helps to reduce the indiscriminate
use of agrochemicals, resulting in lesser input cost, qualitative and quantitative Pomegranate
production, and conservation of local biodiversity. The efficiency of bacteriocin from Lactobacillus
helveticus PMP-6 against Xanthomonas axonopodis pv. pumice Xpp- 1 under standard environmental
conditions such as pH, temperature, and enzyme shows its capability against the BB sufficiently as it shows the
bactericidal effect against the said pathogen. All the above results depict the conflict in the definition of

bacteriocin, as bacteriocins are showing antimicrobial activity against closely related strains. Still,
results of current research revealed antibacterial activity of isolated bacteriocin against non-closely
related (Gram-negative) test microorganisms. Hence, it is of prime importance to reconsider the
definition of bacteriocin for a wide-range understanding. However, the antimicrobial activity of
bacteriocin was dependent on the receptor site of the test microorganism rather than its relatedness
to the producer cell. The range of applications of antimicrobial metabolites of LAB will undoubtedly
grow in the future because of their broad-spectrum activity. LAB antimicrobials can be exploited in
feed and agriculture applications and in non—food applications such as pharmaceuticals, where they
have not yet been effectively exploited commercially at a more excellent pace.
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