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The present study aimed to identify protease inhibitors (PIs) with antimicrobial
activity from sirisa (Albizia lebbeck) seed protein extracts that may be a natural alternative to
overcome multi-drug resistance, toxicity, and side effects of existing antimicrobial drugs. The
crude PIs were extracted from seeds of A. lebbeck in 1% PVP and further partially purified by
ammonium sulphate (NH4)2S04 fractionation. The total protein content was found to be high
in 0-30 % (NH4)2SO4 saturated protein fraction F1 (7.3 = 0.17 mg/ml). Reasonably high PI
activity towards trypsin was observed in 60-90 % (NH4)2S04 saturated fraction F3 assessed by
the agar well diffusion method and in vitro solution assay. Electrophoretic profiling of proteins
from the F3 fraction showed nine bands on the gel with differential mobility. The presence of
a zone of inhibition (ZOI) for different concentrations of F3- 60-90 % (NH4)2S04 saturated PIs
on agar plate demonstrated antimicrobial activity against E.coli, S. aureus, and P. aeruginosa
with MIC values of 100 * 5 ug/ml, 100 * 4 ug/ml, and 90 = 3 ug/ml respectively. Our results
indicate that PIs from seeds of sirisa display potent antimicrobial activity against the tested
microorganisms and could be investigated further in the future use in designing or formulating

natural antimicrobial drugs to treat microbial infection-related diseases.
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Proteases are the enzymes (hydrolases)
that cause the hydrolysis of proteins into small
polypeptides or oligopeptides, or amino acids.!
They are intricate in many biological processes,
such as the digestion of ingested proteins, protein
catabolism (breakdown of old proteins), cell
signaling, cell growth, and cell death.>* Proteases

*Corresponding author E-mail: faizbiochem@gmail.com

could be grouped into exopeptidases and
endopeptidases according to the site of enzyme
action. Endoproteases are found to break peptide
bonds within proteins, whereas exopeptidases
hydrolyze peptide bonds close to the N- or
C-terminal ends of the proteins.*
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Proteases are biologically important
enzymes that play a vital role in almost all
metabolic pathways and networks. The un-
regulated expression of these proteases is reported
by researchers in diseases like coagulopathies,
bleeding disorders, necrotic skin infections,
destruction of hemostasis, neurodegeneration,
inflammation, bacterial diseases, viral diseases,
hypertension, and cancer.>'® All serine proteases
like trypsin, chymotrypsin, elastase, etc. are
known to be predominant and regulate vital
biological events, which makes them attractive
targets in therapy. Indeed, in recent years,
scientific communities have worked to uncover
the physiology, biochemistry, and genetics of these
enzymes in order to establish them as potential
drug targets. A literature review suggests that drug
discovery approaches that target proteases are
useful for the management of human diseases.!' The
general therapeutic strategy to regulate proteases
and manage of diseases is to identify specific
inhibitors of these proteases. These are known as
protease inhibitors (PIs) and are pervasive.'? Within
an organism, these PIs govern and regulate the
activity of proteases, as an imbalance can cause
severe damage and diseases in the host body."

The PlIs are small molecules that are
omnipresent in the plant kingdom and are
mostly located in aerial parts, tissues, tubers,
and seeds.'" The plant PIs are known for their
strong defence mechanisms against insects
and phytopathogens.'* Structurally, Pls are
classified into various subfamilies. Of these, serine
proteases i.e. Kunitz and Bowman-Birk have
been comprehensively studied and are considered
candidates of therapeutic interest.">'® In recent
times, PIs have been known as the principal
candidates who have applications in medicine and
biotechnology.!” These molecules are explored
to study protein-protein interactions and as drug
candidates to treat various human complications
or diseases related to the uncontrolled actions of
proteases.

Due to the indiscriminate use of broad-
spectrum antibiotics, multi-drug-resistant microbial
strains and the emergence of strains with less
susceptibility to antibiotics have recently increased
and are causing pathological complications in
humans. Therefore, there is an urgent need to
look into novel potent anti-microbial molecules

to control microbial infections. Recently,
many investigations have concentrated on the
antimicrobial activity of plant PIs.'®° In this
regard, the current investigation was designed to
explore the antimicrobial property of PIs from
sirisa (4. lebbeck), a medicinal plant with a wider
occurrence in the Indian subcontinent.

MATERIALS AND METHODS

Chemicals and reagents

HiMedia and Sigma-Aldrich, India
provided all the chemicals and reagents utilised
in the mentioned experiments. All chemicals and
reagents used in the current investigation were of
analytical grade.
Microorganisms

The microorganisms (E. coli, S. aureus
and P. aeruginosa) selected for the current
investigation were procured from the Department
of Microbiology, Dr. Balasaheb Vikhe Patil Rural
Medical College, Pravara Institute of Medical
Sciences (DU), Loni (MS) India.
Sample collection

The dry seeds of sirisa (4. lebbeck) were
collected from the Pravara Institute of Medical
Sciences, Loni Tal. Rahata Dist. Ahmednagar
(MS), India with latitude and longitude of 18.182°N
74.36455°E. The plant and seeds were authenticated
by Dr. A.S. Wabale, Vice Principal, and Research
Guide, Department of Botany, Padmashri Vikhe
Patil College of Arts, Science, and Commerce, Loni
(Ref: /PVPC/Bot/2022-23/36 Date: 22-08-2022).
Defatting and depigmentation

The sirisa (4. lebbeck) seeds were minced
to powder by a mixer grinder. The fine powder
was subjected to the defatting and depigmentation
procedure to remove fats and pigments. Defatting
was carried out in a 1:6 (w/v) ratio of powder
to n-hexane for 2 hours.?' At regular 20 minute
intervals, the mixture was slightly stirred, and the
sample was filtered through filter paper. The residue
was dried at room temperature (27-28 °C). The
dried powder was defatted once more to ensure that
all fats were removed. The defatted powder was
further subjected to depigmentation by acetone in
aratio of 1:10 (w/v), and the resulting dry powder
was used for the extraction of crude proteins.
Crude protein extraction

The crude proteins of the defatted and
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depigmented powder of the seeds of A. lebbeck
were extracted in 1% PVP with a 1:6 (w/v) ratio of
powder to PVP overnight at 4 °C.?! The sample was
centrifuged at 10000 rotations per minute (rpm) at
4°C for 15 minutes. The resulting supernatant was
further used as a crude protein extract for the study.
Ammonium sulphate fractionation

Crude protein extract (40 ml) was
subjected to ammonium sulphate (NH,),SO,
fractionation to get three different salt precipitated
fractions of proteins i.e. F,-0-30%, F-30-60%,
and F,-60-90%. All these fractions were dialyzed
against a 0.1M phosphate buffer, pH 6.8 to remove
the (NH,),SO,.
Profiling of A. lebbeck proteins by 10% native
PAGE

Native PAGE is employed to separate
proteins in their native conformations.”? The
proteins with biological activities viz. enzymes,
generally retain their activity during the run in
electrophoresis. By maintaining the “native”
condition, the proteins migrate based on the charge
density that depends on the primary amino acid
sequence of proteins and pH during electrophoresis.
A 10% polyacrylamide gel was cast in the gel
chamber of the native PAGE assembly. The
assembly was filled with the electrode buffer, and
the gel chamber was inserted into the assembly.
The assembly was connected to the power pack and
started on 100 Volt. The samples (approx. 50 pg;
crude and (NH4)2S04 fractions) were loaded into
the well separately along with the sample buffer.
After the electrophoretic run, the gel was removed
from the chamber and placed in a protein stain
(0.1% Coomassie brilliant blue R-250) overnight.
The next day, the gel was put in a destaining
solution until bands of protein were visualized.
Detection of PIs by the agar well diffusion
method

The agar well diffusion method was used
to detect PI activity from crude and (NH,),SO,
fractions (F,, F,and F,). One gram of agar was
heated and allowed to cool to about 55 °C before
adding 0.1 gram of gelatin.. The gelatin-containing
agar plates were prepared and allowed to solidify.
The wells were made by using a well borer. Three
variable concentrations of enzymes and Pls viz.
3:1, 1:1, and 1:3 v/v were made. The final volume
of the reaction mixture was adjusted with 0.1 M
Tris-HCI buffer at pH 7.8. The wells were loaded

with these mixtures (100 pl) separately with trypsin
as the positive control and buffer as a negative
control. The plates were incubated at 37 °C
overnight, and the next day, 10% TCA was added
to the wells and kept for 30 minutes. The gelatin
hydrolysis was visually assessed around the well
as hydrolysis zones. The well with the minimum
hydrolysis zone diameter in comparison to control
trypsin specifies inhibition and also indicates the
presence of Pls.

Protease inhibitors (PIs) assay

The inhibitory action of PIs against
proteases was assessed by an in vitro solution
assay by the procedure described earlier with minor
modification.® This method allows measurement of
the TCA (trichloro acetic acid) soluble fractions of
peptides formed by the action of trypsin (protease
used) on the protein substrate casein. The residual
proteolytic or caseinolytic activity in the presence
of PIs is considered a measure of protease
inhibitory activity. During the assay, suitable
blanks for enzymes, substrate, and inhibitors were
prepared along with the tests.

The procedure of PI assay is summarised
as follows: 100 pl aliquot of trypsin (prepared in
0.1 N Tris HCI buffer, pH 7.2) was preincubated
with different aliquots of PIs (crude and (NH,),SO,
fractions) i.e. 20 il, 40 il, and 60 il and appropriate
volume of 0.1 N Tris HCI buffer, pH 7.2. In the
reaction mixture, 1%, casein was mixed and
incubated at 37 °C for 30 min. The reaction was
terminated by adding 1 ml of 10% TCA and the
tubes were then incubated for 10 minutes. The
reaction mixture was centrifuged at 10,000 rpm
for 10 minutes. The supernatant was harvested.
To 0.5 ml of supernatant, 1 ml of 20% Na,CO,
was added. The mixture was incubated for 20
minutes. Then, to this mixture, 0.5 ml of Folin-
Ciocalteu (FC) reagent in a 1:3 dilution was added
and allowed to be incubated for 10 minutes. The
absorbance was read at 660 nm. The TCA soluble
peptide fractions obtained during the assay were
quantified by comparing them with tyrosine on the
tyrosine standard curve. The resulting PIs activity
was articulated in terms of the percent inhibition
of trypsin (protease) activity.

Antimicrobial activity of PIs of A. lebbeck

Antimicrobial activity of PIs of 4. lebbeck
against E.coli, S. aureus, and P. aeruginosa was
carried out by agar well diffusion method. About
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50,100,150 and 200 pg proteins from (NH,),SO,
fractions (F, F, and F,) were loaded in wells
prepared on nutrient agar plates (swabbed with the
mentioned microorganisms) with positive controls
(Ampicillin for E. coli) and chloramphenicol for P,
aeruginosa and S. aureus separately). The resulting
plates were incubated at 37°C for 24 hours, and
minimum inhibitory concentration (MIC) was
documented.
Total protein quantification

The total protein present was estimated
by the Lowry method (1951) using bovine serum
albumin as a standard.*
Statistical analysis

Experimental values were taken in
duplicate or triplicate. The mean values and
standard deviations (S.D.) were calculated using
Microsoft Excel 2010. The results are presented
in the form of bar digram using mean value + S.D.

RESULTS

Total protein content

Here, crude proteins and proteins from
(NH,),SO, fractions (F,, F, and F,) were quantified
by Lowry method.?* The total protein content was
found to be high in fraction F (7.3 +0.17 mg/ml) in
comparison to fractions F, and F, where it was 7.0
+ 0.12 and 6.5 + 0.15 mg/ml, respectively (Table
1 and Figure 1).
Protein profiling by 10% native PAGE

On the gel, nine protein bands with
different mobility were identified based on their
colour intensity, such as thin and distinct, diffuse
and thick (Figure 2). When compared to F1 and F2,
F3 had a more uniform and clear banding pattern,
whereas the crude seed extract of 4. lebbeck had
fewer bands. Among all, 02 bands showed very

Table 1. Total protein contents in seeds of 4.
lebbeck.F - 0-30 % (NH,),SO, saturated fraction,
F,- 30-60 % (NH,),SO, saturated fraction, and F -

60-90 % (NH,),SO, saturated fraction

Sr. No. Sample Protein mg/ml = SD
1 Crude 9.3+0.34
2 F, 7.3+£0.17
3 F, 7.0+0.12
4 F, 6.5+0.15

slow migration on the gel, 02 were moderately
moving, and the remaining 05 bands showed
relatively faster migration on the gel finding a
place at the bottom of the gel. The findings indicate
that 4. lebbeck seeds contain a diverse range
of molecular weight proteins. Our results also
demonstrated partial purifications of these proteins,
as seen in the F, fraction containing lane.
Detection of PI activity by agar well diffusion
method

The agar well diffusion method was used
to test the PI activity of crude extract and F3, 60-
90% (NH4)2S0O4 saturated fraction of A. lebbeck
seeds. When the E:I ratio is 1:3, the PI activity is
considered low, moderate when the ratio is 1:1,
and high when the ratio is 3:1. Figure 3 presents
a photograph of the agar-well diffusion method
showing the potency of crude extract and F,- 60-90
% (NH,),SO, saturated fraction against trypsin.
Crude extract and F,- 60-90 % (NH,),SO, saturated
fraction showed moderate to higher activity against
trypsin in all tested ratio, suggesting the presence
of potent PI activity.

Protease inhibition solution assay

In our study, it was noted that all PIs
could be precipitated at 0 - 90% (w/v) saturation of
(NH,),S0,). Although, 60 - 90% (w/v) saturation
of (NH,),SO,) was found to be effective for
precipitating the PIs equated to other fractions.
An in vitro caseinolytic assay against the protease
trypsin was used to determine PI activity. The TCA
soluble peptide fractions obtained during the assay
(in the presence or absence of PIs) were quantified
by comparing them with tyrosine on the tyrosine
standard curve, as shown in Figure 4.

Results from Figure 5 and Table 2
show that F- 60-90 % (NH,),SO, saturated
fraction possesses potent PI activity. According
to the findings, PI at a concentration of 150
pg/ml is effective and inhibits approximately
74.81+4.03 percent of trypsin activity. With higher

Table 2. Percent (%) inhibition of trypsin by F,- 60—
90 % (NH,),SO, saturated fraction

F, protein in pg/ml % trypsin inhibition

1 150 74.81 £4.03
2 300 68.69 +4.30
3 450 70.12 £3.57
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Fig. 1. Total protein contents in crude extract and three (NH,),SO, saturated fractions of seeds of 4. lebbeck.
Results are mentioned as mean + SD, n = 3. F - 0-30 % (NH,),SO, saturated fraction, F,- 30-60 % (NH,),SO,
saturated fraction, and F,- 60-90 % (NH,),SO, saturated fraction

pretein content in

Crude F1 F2 F3 Crude F1 F2 F3

Fig. 2. 10% Native PAGE- Protein banding patterns in crude extract and three (NH,),SO, saturated fractions
of seeds of 4. lebbeck (from right to left 10 ng & 20 pg sample of each loaded in different lanes). F - 0-30 %
(NH,),SO, saturated fraction, F,- 30-60 % (NH,),SO, saturated fraction, and F,- 60-90 % (NH,),SO, saturated
fraction
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concentrations, i.e. 300 ug/ml and 450 pg/ml, no
significant change was observed.
Antimicrobial activity of PlIs of A. lebbeck

The agar-well diffusion method is found to
be an effective method to check the antimicrobial
efficacy of compounds and hence used to test the
antibacterial efficacy of F,- 60-90 % (NH,),SO,
saturated protein fraction. The wells of 9 mm

diameter were made in pre-inoculated nutrient
agar plates with the test organisms, i.e. E.coli, P
aeruginosa, and S. aureus.

The presence of a zone of inhibition
(ZO)) for different concentrations of F3- 60-90
% (NH,),SO, saturated Pls revealed antimicrobial
activity against E.coli, P. aeruginosa, and S.
aureus (Figure 6). The antimicrobial activity of

Fig. 3. Detection of PI activity by agar well diffusion method. Different trypsin (E) and I (crude extract and F -
60-90 % (NH,),SO, saturated fraction separately) ratios were incubated and loaded in wells on gelatin-containing
agar. The detailed procedure is mentioned in the material and method section
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Fig. 4. Standard curve for tyrosine at 280 nm
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different concentrations of F3- 60-90 % (NH,),SO,
saturated PIs was compared with ampicillin in the
case of E.coli and chloramphenicol in the case of
P aeruginosa and S. aureus (Figure 7). Standard
antibiotics (ampicillin and chloramphenicol)
had the largest inhibition zone, but F3- 60-90%

160

120

Tyrosine released in pg
= =

Control

150 300 450

(NH,),SO,-saturated PIs inhibited all bacterial
strains with MIC values of 100 £5 pg/ml, 90 £3
pg/ml, and 100 4 pg/ml, respectively (Figure 8).
The results indicate that F3- 60-90 % (NH,),SO,
saturated PlIs are potent antimicrobial agents
against the tested microorganisms i.e. E.coli, P.
aeruginosa, and S. aureus.

Fraction F3 protein in micrograms (ug)

Fig. 5. PIs activity of F,- 60-90 % (NH,),SO, saturated fraction of 4. lebbeck against trypsin by caseinolytic
assay
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Fig. 6. Antimicrobial activity by different concentrations of F3- 60-90 % (NH,),SO, saturated PIs
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DISCUSSION

In the past few years, renewed interest has
been gained in the identification, purification, and
characterization of novel PIs worldwide. Having
several applications in agricultural and medicinal
biotechnology, they are widely studied. Plants are
the major source of PIs. Plant PIs play an important
role in their defense mechanisms such as protecting
them against insects, pesticides, and diseases.'*
Previously, PIs were isolated from Thai legume

seeds.” Godbole et al., found PIs in pigeon pea.?
These PIs have a keen interest in research for the
treatment of HIV and cancer.”* We were interested
in understanding the antimicrobial activity of
these PIs which may be therapeutic agents to treat
microbial diseases in humans. In this context,
the study aimed to determine the antimicrobial
potential of the proteinaceous seed extract of
Sirisa (4. lebbeck), a well-known source of Pls as
previously identified by Shaikh et al.! and Sharma
etal?

Fig. 7. Antimicrobial activity by different concentrations of F3- 60-90 % (NH,),SO, saturated PIs determined
using agar well diffusion method. Photograph of A) E.coli with ampicillin as control antibiotic in the middle
well B) P. aeruginosa with chloramphenicol as control antibiotic in the middle well and C) S. aureus with
chloramphenicol as control antibiotic in middle well

150

100

MIC values (ug/ml)

E.coli

Psendomonas
nerug]'rmsn

S. aurens

Fig. 8. Minimum inhibitory concentration (MIC) of F3- 60-90 % (NH,),SO, saturated Pls against E.coli, P
aeruginosa, and S. aureus
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The toxicity and side effects of synthetic
or chemical antimicrobial drugs incline researchers
toward natural sources for antibiotics.*® Here, the
experiments were designed to explore the total
protein content of hexane defatted and acetone
depigmented seed powder from A. lebbeck. The
total protein content was estimated by a protein
assay described by Lowry et al., in 1951 in terms
of BSA equivalence.* The protein content was
found to greater in seed powder of A. lebbeck in
agreement with earlier findings.”' Initial detection
of PIs by the gelatin plate agar-well diffusion
method demonstrated potent inhibitory activity
against trypsin in crude protein extract and F,-
60-90 % (NH,),SO, saturated protein fraction as
compared to other (NH,),SO, saturated protein
fractions, i.e. F, 0-30 % and F, 30-60 %. These
findings indicate the presence of a significant
amount of PIs in the proteinacous seed extract of 4.
lebbeck, as reported earlier."* The PIs potency of
F,- 60-90 % (NH,),SO, saturated protein fraction
was assessed by casienolytic assay using casein
as substrate. More than 70% inhibition of trypsin
was observed with 150 pug/ml of F,- 60-90 %
(NH,),SO, saturated protein fraction. These results
corroborated our earlier findings with Pls in the
seed extract of 4. lebbeck. *'*!

The current study suggests that the
protein extracts of A. lebbeck possess antimicrobial
activity against E. coli. P. aeruginosa and S.
aureus at altered concentrations. This will help
to prevent the antimicrobial effects caused by
these harmful pathogens on humans. Similarly,
the antimicrobial potential of PIs with different
concentrations was reported for Lawsonia inermis.**
The microorganisms tested were S. aureus and P,
aeruginosa. Indiscriminate use of commercially
available antimicrobial drugs leads to multiple drug
resistance, which is a great threat to public health.
In this situation, plant-based antimicrobials could
be an alternative to synthetic/chemical drugs that
could avoid drug resistance.**-* In this perspective,
our investigation may be helpful in designing
plant-based antimicrobial and proteinaceous
seed extracts of 4. lebbeck with PlIs that could be
possible antimicrobial drug candidates.

CONCLUSION

This research aimed to identify protease

inhibitors (PIs) with antimicrobial activity
from the seeds of Albizia lebbeck. The Pls
were partially purified by ammonium sulphate
(NH,),S0O, fractionation. The salt precipitated
fraction F, was a prominent source of PI activity
as assessed by the agar well diffusion method and
in vitro solution assay using casein. This fraction
was further assessed for antimicrobial potential
against E. coli. P. aeruginosa and S. aureus. Our
results indicate that 4. lebbeck Pls is a potent
antimicrobial agent against the above-tested
microorganisms. This study could be useful for
designing plant-based antimicrobials that could
be an alternative to antimicrobial drugs containing
synthetic chemicals. The exhaustive analysis of
PIs from seed extract of 4. lebbeck with regard
to their purification, structural identification, and
functional characterization as antimicrobial agents
is the future perspective of this study.
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