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Abstract

The widespread distribution of proteinase mhibitors (PIs) in various plant parts has made
them the most abundant class of defensive proteins. Pls restrict microbial developmental pro-
cesses by attenuating respective proteases, making them a highly promising area of research.
In our current investigation, we evaluated the bactericidal potential of a serine proteinase in-
hibitor (SPI), specifically the Cocculus hirsutus trypsin inhibitor (ChTT). Recombinant ChTI
was expressed, purified using a Sepharose-4B affinity column, and utilized in bioassays against
both gram-negative and gram-positive bacteria. Pre-incubation of bacterial trypsin-like pro-
teinase (TLP) with 400 TIU/mg of Ch'TI resulted in TLP inhibition rates of 64%, 61.7%, and
56.49%, with I1Cs values of 1.67 pg/ml, 1.74 ug/ml, and 1.90 ug/ml for Xanthomonas axono-
podis, Escherichia coli, and Ralstonia solanacearum, respectively. Further evaluation against
bacterial pathogens Leuconostoc citreum and Lactobacillius fructivorans, associated with
postharvest tomato loss, indicated ChTT's potential in extending tomato shelf life. ChTI-
treated tomatoes remained viable for over 20 days compared to 11 days for control fruits.
Bacterial populations on treated fruits were significantly reduced, with Ch'TT inhibiting up to
49% and 369% of TLP for L. citreum and L. fructivorans, respectively. The inhibition pattern
of bacterial proteinase was further confirmed through in-gel activity assays and bacterial cell
mortality assays conducted by incubating live cells with ChTI. The study confirmed ChTT’s
strong affinity for bacterial cell wall proteins, as demonstrated by affinity column purification,
SDS-PAGE, and western blotting. Overall, the inhibitory properties of Ch'TI, demonstrated
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through bacterial bioassays, indicate its significant antibacterial activity and potential for post-
harvest preservation.

Keywords: SPI (Serine proteinase inhibitor), ChTI (Cocculus hirsutus trypsin inhibitor),
Gram-positive bacteria, Gram-negative bacteria, TLP (Trypsin like proteinase), Post-harvest
preservation

1. Introduction

Plants are known to synthesize and accumulate defence related proteins viz lectins, chitinases,
thionins zeamatin, glucanases and proteinase inhibitors (PIs) to overcome biotic stress. Pro-
teinases are the enzymes involved in protein digestion which have pivotal role in the regulatory
life cycle of various living systems. Out of seven families of proteinases (MEROPS Database;
http://merops.sanger.ac.uk), plant acquire five classes of endoproteinase (Ako and Nip,
2006), in which four are proteolytic enzymes based on active amino acids in their “reaction
centre” and classified as Serine, Cysteine, Aspartic and Metallo proteases (Mourao and
Schwartz, 2013). Proteinases are regulated by PIs (Molehin er al, 2012; Rudznska er al,
2021; Sanrattana et al., 2021). PIs interact with their target proteinases, resulting in the for-
mation of stable protemase-PI complex in turn regulating the proteolytic activity of their target
proteinases by a competitive inhibition (Rustgi et al., 2018; Hellinger and Gruber, 2019). Ser-
e proteinase hibitors (SPIs), have been extensively researched and are found in a wide
range of organisms, from basic prokaryotic (bacterial) to advanced eukaryotic (human) sys-
tems (Rawlings et al., 2016). PIs have been reported as antibacterial agents and their biological
activity has been attributed to inhibition of bacterial proteinases (Kim er al., 2009).

Bacterial growth is regulated due to the inhibition of bacterial protease by both natural as
well as recombinant serine proteinase mhibitors (SPIs) (Bacha er al, 2017; Zhoua et al.,
2018). Considering the importance of PIs in medicine and in agriculture as biocontrol agents,
potentiality of Cocculus hirsutus trypsin inhibitor (Ch'TT) for its bactericidal effect was evalu-
ated (Bhattacharjee et al., 2009).

This study reports the isolation, purification and bactericidal effect of recombinant Ch'TT
expressed In F. coll, targeting plant pathogenic bacteria and pathogens associated with the
post-harvest diseases of tomatoes.

2. Materials and Methods

2.1 Extraction and Purification of ChTI

The extraction and purification of recombinant Ch'TT followed the procedures outlined by
Bhattacharjee er al. (2009). In brief, a single colony of E. coli BL-21-pChTT was isolated and
transferred to Luria Bertani broth (LB) containing 0.01% ampicillin. The culture was then
grown until the ODuw reached 0.4-0.6. Isopropyl B-D-1-thiogalactopyranoside (IPTG) was
added to induce the expression of ChTI, and the culture was further incubated for 3-4 hours
at 37 °C. The cells were harvested by centrifugation at 6000 g for 10 minutes. The resulting
pellets were washed with 0.05 mM Tris-Cl (pH 7.6) and suspended in 1/10" volume of the
same buffer.

Cell lysis was achieved by sonication to 1solate the total soluble protein (T'SP). The TSP
was then subjected to thermal denaturation at 70°C for 10 minutes, followed by snap chilling
for 30 minutes to obtain heat-stable protein (HSP). Trypsin inhibitory activity (TTA) was meas-
ured using the Kunitz casein digestion method (Kakade et al, 1969) and expressed as trypsin
mhibitory units (TTU). The Trypsin Inhibitor was purified using a Trypsin-Sepharose atfinity
column.
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2.2 Preparation of Inoculum

The antimicrobial activity of ChTI was evaluated against Escherichia coll, Xanthomonas ax-
onopodis, and Ralstonia solanacerum. E. coli was cultured in LB medium, X. axonopodis
was cultured in LB medium with 0.59% NaCl, and R.solanacerum was cultured in triphenyl
tetrazolium chloride (17.C) medium.

2.3 Bactericidal Activity
2.3.1 Broth Dilution Assay

The antimicrobial activity of Ch'TT was assessed using a broth dilution method with some
modifications. Bacterial cultures were grown in their respective growth media until they
reached a density of 1.5 x 10’ cells/ml. Serial dilutions were prepared to achieve a final density
of 1.5 x 10" cells/ml, and these dilutions were used for the bactericidal assay with the trypsin
mhibitor. 100ul each of the serially diluted bacterial cells were treated with various concentra-
tions of ChTT (ranging from 2-40 pg/ml). The mixture was incubated for 2 h at 37 °C. 10 pl
of each mixture (containing diluted bacterial cells and Ch'TT) were plated on agar plates and
incubated at 37°C for 18 hours.

2.3.2 Evan’s Blue Assay:

Post plating, the remaining cell suspensions from the previously conducted broth dilution
assay were subjected to further incubation with 0.19% Evans Blue dye (0.1 gin 100 ml ethanol)
for an additional 1 hour at 37 °C. Excess dye was washed with 70% ethanol. The mortality
rate of bacterial cells at different Ch'TI concentrations was observed by measuring the absorb-
ance at 595 nm and expressed as a percentage (%) mortality. For the control in the above
experiment, bacterial suspensions were incubated with distilled water.

2.3.3 Proteolytic Activity:

Bacterial pathogens were cultured until they reached the late log phase, after which the cul-
tures were centrifuged to obtain cell sediments in centrifuge tubes. The cell mass was washed
three times and suspended in potassium phosphate buffer (PPB) (pH 7.4). Total soluble pro-
teins (T'SPs) were extracted by lysing the bacterial cells using sonication. The TSPs were sub-
sequently assayed for trypsin-like activity (TLLA) using the Kunitz casein digestion method
(Kunitz, 1947). One unit of trypsin activity (T'A) is defined as the enzyme activity that results
i a 0.001 OD increase at 280 nm under the specified experimental conditions.

2.3.4 Trypsin Inhibitory Activity (TTA) of ChTI

The inhibitory activity of Ch'TT on bacterial proteases specifically trypsin was calculated as the
difference between proteolytic activity with and without inhibitor. Trypsin inhibitory activity
was assayed by Kunitz casein digestion method (Kunitz, 1947). One unit of TIA 1s defined
as the trypsin inhibitor’s activity, which inhibits or reduces one unit of Trypsin Activity (TA)
under the said experimental conditions. The quantitative measurement indicating how much
of ChTT is needed to inhibit bacterial TA n vitro by 50% (ICx) was recorded.

2.4 Evaluation of Cocculus hirsutus Trypsin Inhibitor (ChTI) against Post-harvest Losses in
Tomato

Tomato fruits of the Rasi Shivam variety were obtained from the University of Agricultural
Sciences, Bangalore. The collected fruits were divided into unripe (UR), half-ripened (HR),
and ripened (R) categories. A petiole dip and surface spray of the fruits were conducted using
3000 TIU/mg of ChTI. Phosphate buffer saline was used as a control in the experiment.
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2.4.1 Identification of Post-harvest Bacterial Pathogen

Bacterial cultures were isolated from the control set (UR, HR, and R) for post-harvest bacte-
rial population by swabbing the surface of the tomato fruits with sterile cotton swabs. Micro-
biological analysis of the samples was conducted using Nutrient agar, and the plates were then
incubated at 37°C for 24 - 48 h. Distinct microbial colonies were isolated and sub cultured to
obtain pure cultures.

2.5 Identification of Bacteria

16s rDNA sequencing was performed to identify the bacteria. PCR was performed using the
Hi-Media Taq polymerase (500 U), 50 mM MgCl. (500 U) and 10X buffer (500 U) and
dNTPs (10 mM each). Universal 16Sr DNA  (Forward: 5'AGAGTTT-
GATCMTGGCTCAGS3' and Reverse: 5'CTGCTGCSYCCCGTAGS). (Waldeisen et al.,
2011). The PCR amplifications were performed with an Applied Biosystems Veriti Thermal
cycler using the following cycling parameters: Initiate denaturation at 95°C for three minutes,
followed by 30 cycles of denaturation at 94°C for 75 seconds, annealing of primers at 57°C
for 60 seconds, and elongation at 72°C for 90 seconds, followed by a final extension at 70°C
for ten minutes. Nucleotide basic local alignment and search tool (BLAST) was used to align
the obtained sequences.

2.6 Isolation of Proteins having Trypsin Like Activity

The process described involves the extraction and purification of ChTI from bacterial cells.
The process outlining the extraction, purification, and determination of the activity of Ch'TT
from bacterial cells are mentioned as follows: First, the bacterial cells were grown until they
reached an optical density of 0.4 at ODuy after which the cells were harvested by centrifugation
at 6000 rpm at room temperature. The cells were then suspended in 10 mM Tris-Cl (pH 7.4)
and sonicated for 10 minutes, followed by centrifugation at 12000 rpm for 15 minutes. The
obtamed pellet was washed with 10 mM Tris pH 7.4 four times and then suspended in 5 ml
of 2% sodium dodecyl sulfate (SDS) in 10 mM Tris pH 7.4. The suspended mixture was
incubated for 5 minutes in a boiling water bath, then cooled to room temperature and centri-
fuged at 15000 rpm for 10 minutes. The supernatant was precipitated with 5X volume of
ethanol and 2% acetic acid at 5°C and centrifuged at 10,000 rpm for 10 minutes and the
resulting pellets were suspended in 10 mM Tris (pH 7.4) and stored at 5°C from which a 5
ml aliquot of the mixture was loaded onto a Ch'TT affinity column. Lastly, the samples were
eluted with 19% SDS and TLA and TTA of ChTI from the eluted fraction were determined
using the Kunitz casein digestion method.

2.6.1 Alcian Blue Staining of Purified Bacterial Cell Wall Protein:

Known amount of eluted fraction was loaded onto SDS-PAGE. and visualized by improved
Alcian blue and silver nitrate staining (Moller and Poulsen, 1995). The procedure briefly
mvolved fixing the gel with a solution of 10% acetic acid and 25% ethanol (Solution I) three
times for 5 minutes each, followed by staining the gel with 0.125% Alcian blue for 15 minutes.
The gel was then washed three times with Solution I, increasing the wash duration to 5
minutes each time. Next, the gel was sensitized by adding 5% glutaraldehyde for 5 minutes,
followed by another wash with Solution I. Subsequently, the gel was thoroughly rinsed with
water to remove any unbound Alcian blue. The gel was then stained with 0.4% silver nitrate
for 10 minutes, washed with water, and the protein bands were developed using 2.5% NaCO3
and 0.01% formaldehyde. Finally, the gel was fixed by adding 10% glacial acetic acid.

3. Results and Discussion

3.1 Extraction of ChTI from Recombinant £. coli containing pCh7TT:



Cocculus hirsutus trypsin inhibitor as a biocontrol agent for post harvest bacterial disease in tomato.231
E. coli containing p ChTI were harvested and subjected to sonication to get total soluble pro-
teins (TSP) which was further denatured at 70 °C to get heat stable fraction (HSPs). The HSPs
were loaded on to the Trypsin Sepharose affinity column to get a purified fraction of ChTL.
Trypsin Sepharose atfinity column is commonly used for the purification of recombinant
serine proteinase inhibitors (Bhattacharjee er al., 2009; Mohanraj ef al., 2018). Bound ChTI
was eluted using 0.2 N HCI (Fig. 1) and the eluent was immediately adjusted to pH 7.6 by
adding 0.2 N NaOH. This resulted in 24.25-fold purification of ChTI suggesting the retention
of functional mtegrity of the inhibitor. Affinity purified ChTI (Fig. 1, Table 1) exhibited
39,047 TIU/mg protein compared to TSP (1610 TIU/mg) and HSP (2140.0 TIU/mg). The
most active fraction emerged out of the affinity column was subjected to SDS-PAGE on 12%
gel (Laemmli, 1970). Silver staining of the SDS-PAGE gel revealed ChTI to be a monomeric
protein with an apparent molecular mass of 18kDa (Fig. 1b). The result suggests that the
inhibitor protein purified belongs to the Kunitz type of SPI family, whose members are mostly
monomeric or dimeric with a molecular mass ranging from 18 to 26 kDa (Macedo er al.

2003).

3.2 Bioassay of ChTT against Bacterial Pathogens:

Inactivation of hydrolase enzymes and depolarization of plasma membrane of the pathogens
are some mechanisms through which PI acts against phytopathogens and insects to retard
their growth and invasive capability (Arulpandi and Sangeetha, 2012). SPIs also target serine
proteases of gram-negative bacteria secreted on bacterial cell surface through active site bind-
ing. Intracellular expression of SLPI (secretory leukocyte proteinase inhibitor) was found to
cause growth arrest in £. coli, accompanied by reduced protein synthesis (Dautin, 2010; Jamal
et al., 2013). Our investigation suggests that ChTT inhibits £. coli serine proteinase which is
confirmed by trypsin like activity (TLA) assay, and bacterial mortality assay (Evans Blue; fig.
2).

Table 1. Fold Purification of Recombinant Ch'TI

Protein
Level of Concentra- Specific activity Fold  purifica-
purification tion (TIU/mg protein) | tion
(Hg/mL)
TSP 870.00 1610.00 1.00
HSP 810.00 2140.00 1.27
Trypsin Sepharose affinity purified frac-
tion 210.00 39,047.00 24.25

TTU: Trypsin Inhibitory Units

Bacterial TLA was assayed using casein as substrate. Non-transformed £. colr cells showed
an activity of 0.136 = 0.006 TLA/mg protein (Table.2). Further evaluation of ChTT against
plant pathogenic bacteria which include Ralstonia solanacearum, causal agent of wilt in more
than 200 plant species, including crops like tomato, potato and peanut (Mansfield er al, 2012)
and Xanthomonas axonopodis pv. punicae causing bacterial blight in pomegranate leading to
substantial losses in productivity was carried out (Sharma et al, 2017). The highest TLA
(0.286 + 0.007 TLA/mg protein) was found in X. axonopodis pv. punicac compared to R.
solanacearum (0.117 + 0.004 TLA/mg protein). Post incubation with ChTI, the TLA was
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reduced to almost 50% r.e. 0.103 + 0.005 TLA/mg protein and 0.051 + 0.003 TLA/mg pro-
tein respectively (Table 2).

Elution Profile of purified ChTI

o
/ \_

03

Elution OD at 280 nm

o ¥

01

Lo
KA&.*.—N,

' 6 8 10 12 1] 16 r—————
Elution Fraction No.

a) b)

Figure 1. Purification of ChTI by affinity column chromatography
a) Elution Profile of purified ChTI, b) Visualization of ChTI by Silver Staining on 12%
SDS-PAGE: Lane 1: 18kDa protein. M: Protein Marker (15-250 kDa)

Percent inhibition of bacterial TLA incubated with ChTT (400 TTU/mg protein) were found
to be 64.0, 61.7 and 56.4 for X. axonopodis, E. coli and R. solanacearum respectively. LCs
of ChTT was found to be 1.67ug/mL, 1.74ug/mL and 1.90 pg/mL for X. axonopodis, E. coli
and R. solanacearum respectively. Visible inverse relation with Ch'TT concentration with live
bacterial cell mass (depicted as spots) on suitable agar medium were observed (Fig. 2) where
mncreasing concentration of purified ChTT has shown to have inhibitory effect on each of the
serially diluted log phase bacterial cells. Increasing concentration of ChTI from 16 ug/ml to
20 ug/ml shows increased cell mortality in case of X. axonopodis with 80% mortality at 20
ug/ml of ChTI. Undiluted cell mass of E. coli showed mild resistance to the increasing con-
centration of ChTI from 16 pg/ml to 18ug/ml whereas at 20 pg/ml of ChTIT showed cent
percent mortality. Similarly, R. solanacearum showed resistance to ChTI even at a concentra-
tion of 20 ug/ml but 40 ug/ml, Ch'TT showed cent percent mortality. Evan’s blue dye binding
to dead cells, indicates the cell mortality in a given system, the assay also suggested the same
results (Fig. 2). The above results suggest that ChTT interacts with bacterial trypsin like pro-
teins (TLPs). Trypsin like proteins is important part of bacterial cell growth, inhibiting which
might have led to the growth arrest and mortality of bacterial cells (Jacyn Baker and Mock,
1994).

Table 2. Inhibitory activity of ChTI against gram-negative bacteria

. . . . . .| % Inhibi-
. Caseinolytic activity | Residual TLA activity | ..

Bacterial - patho-| ' Ay"from bacterial |with 1000 TIU/ml of | 4on  Of |1Csovalue of ChTI
gens TLA (T1U/ml tissue)

pathogens ChTI

Mean + SD

Escherichia  coli | 0.136 + 0.006 0.052 +0.003 61.7 910
(DH50 strain)
Ralstonia sola- 0.117 £ 0.004 0.051 +£0.003 56.4 960
nacearum
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Xanthomonas ax- | 0.286 +0.007 0.103 + 0.005 64.0 830
onopodis pv. puni-
cae

TLA: Trypsin like activity, TIU: Trypsin Inhibitory Units

Organian: Escherichia coli
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Figure 2: Evaluation of antibacterial activity of Ch'TT against different plant

pathogens

a)  Spot dilution assay of FE. coli against different concentration of Ch'TT ranging
from 16 - 20 pg. Bar Graph depicting % mortality of the F. coli against same
concentration used in spot dilution assay.

b) Spot dilution assay of R. solanacerum against different concentration of ChTI
ranging from 02- 40 pg/ml. Bar Graph depicting 9% mortality of R. solanacerum
the against same concentration used in spot dilution assay.

¢) Spot dilution assay of X. axonopodis against different concentration of ChTI
ranging from 16-20 pg/ml. Bar Graph depicting % mortality of X. axonopodis
against same concentration used in spot dilution assay.

3.3 Evaluation of ChTT against Postharvest Losses in Tomato
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The control fruits in all three categories remained viable for 11 days, while Ch'TI-treated fruits
remained viable for over 20 days (Fig. 3, 4). Surface swabs of the fruits were diluted to 10,
and the bacterial population at this dilution was studied. A comparison of the effect of Ch'TI
on harvested tomatoes revealed a significant shelf-life enhancement of 9 days in ChTI-treated
fruits. The high bacterial population in the control set and the decreased population in the
ChTTI-treated set indicate the effectiveness of Ch'TI as an effective surfactant (Fig. 5). The use
of ChTI to control bacterial population for postharvest control is a novel approach.

s Ve 0o

Control set

Day 1

Control set

Day 11

Figure 3. Tomato fruits of unripen (UR), half ripened (HR) and ripened (R) were treated
using phosphate buffer as a control

h Q .‘ ‘ ‘
ChTl treated set
Day 20

Figure 4. Tomato fruits of unripen (UR), half ripened (HR) and ripened (R) were treated
using ChTI
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Control set
10° diution

UR HR R
(7 4
ChTl treated set
10 dilution
UR HR R

Figure 5. Fruit surface swabbed plates from different stages of harvesting unripen (UR),
half Ripened (HR) and ripened (R) plated on Minimal media. Fever colonies in seen in
ChTI treated fruit set in comparison to phosphate buffer treated set

3.4 Postharvest bacterial pathogen identification

Bacterial colonies were isolated from control tomato fruits using M9 minimal media, resulting
in the observation of two distinct bacterial colonies. Subsequent sequencing and NCBI
BLAST analysis identified the bacterium as L. citreurn and L. fructivorans. (Figure 6). Post-
harvest diseases of crops are commonly associated with fungal and bacterial pathogens. The
most frequently isolated fungi include Alternaria, Geotrichum, Botrytis, Mucor, Fusarium,
Rhizopus, Colletotrichum and Penicillium, while prevalent bacteria include Acetobacter, Glu-
conobacter, Klebsiella, Leuconostoc, and Pectobacterium (Ahmed et al., 2017).

The production of cell wall degrading enzymes, oxalic acid, and the secretion of patho-
genicity factors are important factors that can contribute to the virulence of different patho-
gens and their ability to cause disease in their hosts. Bacterial soft rot is a prevalent and po-
tentially destructive postharvest disease caused by soft rot bacteria. The pathogen hiquefies
fruit tissue by breaking down the pectate "glue" that holds plant cells together, resulting in the
liquefaction of fruit tissue. Bacteral soft rot caused mainly by four different bacteria. The
primary soft rot bacteria, including strains of Pectobacterium carotovorum, Pseudomonas,
Xanthomonas, and Bacillus, are responsible for causing soft rot in tomatoes. In addition,
sour-rot diseases are caused by bacteria that produce lactic acid, such as Lactobacillus spp.
and Leuconostoc spp. (Singh and Sharma, 2007).

Figure 6. a) PCR amplicons obtained using 16srDNA universal primers, lane 1- 500 bp
PCR product for L. fructivorans, lane 2 - 1000 bp PCR product for L. citreum, and lane L -
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100 bp DNA marker. NCBI BLAST results for the post-harvest bacterial pathogen identi-
fied as L. fructivorans and b, ¢) NCBI BLAST results for the post-harvest bacterial patho-
gen 1dentified as L. citreum.

3.5 Determination of ICx value of ChTI for postharvest bacterial trypsin-like activity

L. catreumn and L. fructivorans, two organisms 1solated and identified from control tomato
fruits, were analyzed for caseinolytic activity. ChTT was found to inhibit up to 49% of L.
ctreum and 36% of L. fructivorans bacterial TLA, indicating its potential to inhibit the growth
of post-harvest bacteria (Table 3).

3.6 Spot Dilution Assay of ChTI against L. citreum and L. fructivorans

The effectiveness of the ChTI inhibitor against L. citreum and L. fructivorans was analysed
by spot dilution assay. There was a correlation with growth inhibition as the concentration of
ChTT increased. At a concentration of 20 pg/ml, L. citreum exhibited a 50% reduction in
growth, while L. fructovorans showed a 40% reduction. Complete inhibition was observed at
40 pg/ml. (Fig. 7; la, 2a). The Evans blue assay corroborated these findings, however, at 40
pg/ml, only 85% to 80% inhibition was noted. The observed deviation between the broth
dilution assay and the Fvans blue results may be attributed to differences in incubation dura-
tions, as the broth dilution assay was incubated overnight, whereas the Evans blue assay was
mcubated for only 2 hours. Additionally, the time required for the treatment to effectively act
on bacterial cells is typically longer than 2 hours. Similar study on a serine proteinase inhibitor
from the freshwater crayfish Procambarus clarkia demonstrated antibacterial activity against
gram-negative bacteria such as F. coli and K. pneumoniae, as well as gram-positive bacteria
including B. subtilis, B. thuringiensis, and S. aureus (Li et al., 2009).

Table 3. Inhibitory activity of ChTT against gram-positive bacteria

% In-
- . .. h.lbl_ 1Cs
Bacterial patho- Caselinolytic activity tion value of
acte _d pa TLA from bacterial | Residual TLA activity with 1000 TTU/mL of ChTI of P
gens vathogens TLA ChTI
! ‘ | (ag/m)
Mean + SD
L. citreum 79 £0.09 40 £0.04 49 10.2
L. fructivorans 75 +0.029 48 +0.05 36 13.0

TLA: Trypsin like activity, TIU: Trypsin inhibitory units

The utilization of natural compounds like aloe gel and essential oils in the packaging pro-
cess, alongside natural-based compounds, has proven to be effective in safeguarding packaged
foods from microbial spoilage and extending their shelf life. This approach has surpassed the
widespread use of chemicals and irradiation. (Montero-Prado er al., 2011). In another study,
Cherry tomatoes were coated with a formulation of hydroxypropyl methylcellulose and bees-
wax, combined with antifungal food additives. This coating effectively reduced Alternaria
black spot and preserved the postharvest quality of the tomatoes during cold storage (Fa-
gundes er al., 2015).

3.7 Evans blue assay for validating percent mortality of postharvest bacterial cells
Evan’s blue assay of L. citreum and L. fructivorans which specifically binds to the dead cells
(Ohori et al., 2007). The cells in the logarithmic growth phase were subjected to the Evan's
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Blue binding assay method. The bacterial cells were treated with 10, 20, and 40 pg/ml of
ChTTI. The results showed a 45% mortality of L. citreum and a 35% mortality of L. fruc-
tivorans after treatment with 10 ug/ml of Ch'TT incubated for 1 hour (Fig. 7 1b, 2b).

3.8 Trypsin Inhibitor Sepharose Affinity Column Purification of Bacterial Cell Wall Protein
The trypsin inhibitor sepharose affinity column was used to investigate the mnteraction be-
tween bacterial cell wall protein and ChTI. This column was prepared by cross-linking puri-
fied ChTI, which had a concentration of 1200 TTU units per milligram of protein. Bacterial
cell wall proteins from L. citreum and L. fructovorans were repeatedly passed through the
column to ensure optimal binding. The bound proteins were then eluted using 29 SDS. The
elution profile of the cell wall protein samples with the highest ODu values was visualized on
a 12% SDS-PAGLE. gel and stained using an improved Alcian Blue Silver stain method, which
specifically targets bacterial cell wall-associated carbohydrates. The findings demonstrate a
strong affinity of ChTT for the cell wall proteins of both L. citreumn and L. fructivorans (Fig.
8al-2, 8b1-2).

TREATMENTS

TREATMENTS

2a) 2b)

Figure 7. Evaluation of antibacterial activity of Ch'TT against different post-harvest patho-
gens

a) Spot dilution assay of L. citreum against different concentration of Ch'TI ranging
from 10-40 pg/ml. b) Bar Graph depicting 9% mortality of the L. citreum against same
concentration used in spot dilution assay.

b) Spot dilution assay of L. fructovorans against different concentration of ChTI
ranging from 10 - 40 pg/ml. b) Bar Graph depicting % mortality of L. fructovorans
the against same concentration used in spot dilution assay.

3.9 Western Blotting

The detection of ChTI-bound bacterial protein in Western blotting supports the findings
from the alcian blue-stained SDS electrophoresis gel, confirming the binding of ChTT to the
cell wall proteins of L. citrovorum and L. fructivorans. Ch'TI binds to the bacterial cell wall
protein and inhibits the pathogens responsible for postharvest losses in tomato fruits (Fig.8
alw, blw). It has been established that ChTT binds to the mannosyl residues on the outer cell
wall proteins, thereby inhibiting the bacterial pathogens L. citreum and L. fructivorans. Pre-
vious studies have reported that the mechanism of action of the Osmotin defence protein on
Saccharomyces cerevisiae cell wall serine proteases, MNN2, MNN4, and MNNG6, is inhibited
by osmotin, leading to the inhibition of the organism's growth (Yun et al, 1997). A similar
mechanism of action is also observed in ChTI on yeast cells, wherein it binds to the outer cell
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wall mannosyl residues with exposed mannosyl phosphodiester linkages, resulting in cell mor-
tality (Bhattacharjee et al., 2009).

a)

Figure 8. Visualisation of Ch'TT bound fractions by Alcian Blue staining and western blot

a) Lane I: Alcian blue staining of crude L.citrovorum cell wall protein, Lane 2: Al-
cian blue staining of affinity column eluted L.citrovorum cell wall protein
Lane 1w- Cell wall protein of L.citrovorum detected by western blotting.

b) Lane 1: Alcian blue staining of crude L. fructivorans cell wall protein,
Lane 2: Alcian blue staining of affinity column eluted L. fructivorans cell wall pro-
tem
Lane 1w- Cell wall protein of L. fructivorans detected by western blotting.

4. Conclusions

In conclusion, our study brings forth tremendous bactericidal potential by this serine protein-
ase mhibitor from Cocculus hirsutus, which has been termed as ChTI. This mhibitor effi-
ciently curtailed the growth of both gram-negative and gram-positive bacteria by attenuation
of trypsin-like proteinases. Purified recombiant Ch'TT tested well in inhibiting the bacterial
TLPs with high efficacy. IC: values in the low-microgram-per-millilitre range have been shown
for both gram-positive and gram-negative bacteria. Moreover, the shelf life of tomatoes ex-
tended due to a significant reduction of bacterial populations responsible for postharvest
losses. The study confirmed that Ch'TT has high affinity to cell-wall proteins of bacteria, which
makes it an effective antibacterial agent and hopefully a solution that could be used to extend
the post-harvest life of products. The wide-spectrum activity of ChTT could be harnessed
through the development of transgenic economically important crops to reduce the hazardous
impact on the environment and make a substantial contribution to sustainable agriculture.
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