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ABSTRACT

Isolation of protease inhibitor producing bacteria from microbial mat and
investigating its anti-biofilm potential against biofilm producing organism was selected as the
main objective of the present study. Protease inhibitor (PI) was produced from bacterial
isolates and purified using ammonium sulphate precipitation methods. Primary and secondary
protease inhibitor assay was carried out separately to confirm the inhibition of protease
enzyme activity both qualitatively and quantitatively. Antibacterial activity and anti-biofilm
assay was performed to determine the biofilm prevention capabilities of PI. Three isolates
(B1PI, B2PI and B3PI) were screened and B,PI bacterial culture was selected based on the
results of primary and secondary protease inhibitor assay. Maximum trypsin inhibition of
77.5£0.25% was recorded for the isolate B,Pl. Antibacterial activity of the B,Pl protease
inhibitor fractions exhibited inhibitory zones of 22.3+1.04mm and 20.2+0.25mm against
Escherichia coli and Staphylococcus aureus respectively. Anti-biofilm assay of protease
inhibitor fractions expressed 31.2ul/ml of MBIC against Escherichia coli and
Staphylococcus aureus. The results conclude that, the protease inhibitor from the microbial
mat isolate will be an effective alternative to the commercial antibiotics either alone or in
combination with other drugs synergistically which shall be studied elaborately in future.
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INTRODUCTION

Specific inhibition of these proteases can be used as a strategy for drug designing. In
medicine, protease inhibitors can be used as diagnostic or therapeutic agents for viral,
bacterial, fungal and parasitic diseases as well as for treating cancer and immunological,
neurodegenerative and cardiovascular diseases (Hamilton et al., 2001). Proteases are
potentially hazardous to their proteinaceous environment and their activities need to be kept
strictly under control. Microbial proteases have been recognized as virulence factors in a
variety of diseases caused by microorganisms. These enzymes have also been responsible to
degrade proteins that function in host defense in vivo (Sakata et al., 1993). In the light of
rapidly spreading antibiotic resistance, bacterial proteases are promising targets for the design
of novel antibiotics (Sabotic and Kos, 2012). Enzyme inhibitors are agents that combine with
an enzyme in such a manner as to slow down or prevent the catalytic action of the enzyme.
Enzyme inhibitors are important as therapeutic agents, as regulators in controlling the
enzymic processes in living organisms (Robert et al., 2012). They are protein degrading
enzymes that catalyze the cleavage of peptide bonds in proteins and perform essential

metabolic and regulatory functions in many biological processes (Turk, 2006).

The search for novel types of microbial inhibitors from natural marine and terrestrial
sources are important for identifying new lead compounds (Sabotic and Kos, 2012). Protease
inhibitors of microbial origin have been studied and already proven useful in many different
applications (Rawlings, 2010; Rawlings and Barrett, 2011). Microbial mats are considered as
one such natural source which contains diverse populations of prokaryotic organisms as well
as eukaryotic organisms and other unicellular algae (Donlan, 2001). Mats are ubiquitous in
nature, commonly found over the sediment surfaces or as floating masses in fresh waters,
marine water, soils, rainy muds and hydrothermal vents (Madigan et al., 2000). Organisms
associated with these mats can thrive on extreme conditions by synthesizing their own
biological compounds (Wong and Visscher, 2015).

Based on this concept, protease inhibitors of microbial origin were investigated from
the isolates of microbial mats in the present research. As an application study, the effect of
protease inhibitor on the biofilm formation of bacterial pathogens was also investigated.
Biofilms formed by the pathogensare resistant to many of the antimicrobial agents
commonly used (Prasad et al.,, 2016). Previous reports suggest that protease inhibitors
specifically, inhibitors of sesrine and aspartyl proteases are effective antibiofilm agents

(Skrbec and Romeo, 2002). Hence in the present study, isolation of protease inhibitor

Volume 23, Issue 10, October - 2021 Page-400



Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

producing bacteria from microbial mat and investigating its anti-biofilm potential against
medically significant biofilm producing organism was considered as the primary objectives.
Detailed study of novel protease inhibitors from the natural microbial mats will provide the

basis for future research.
MATERIALS AND METHODS

The present research work was carried out in the Department of Biotechnology,
Dr.NGP College of Arts and Science, Coimbatore, Tamil Nadu, India. The work was done

during the period of November 2020 to February 2020.
Collection and processing of Microbial mats

Microbial mats were selected from the natural source during heavy rain periods. The
samples were collected on the second day after rain stopped. The terrestrial mats were
collected from the garden area of the institution in a sterile zip-lock covers using spatula and
glass petri dish. The collected terrestial mats were stored under refrigeration condition prior

processing.
Isolation of bacteria from microbial mats (Charlesworth et al., 2019)

Microorganisms were isolated from the sediment using Soil Extract Agar media
[Glucose 1.0g/l, Dipotassium phosphate 0.5g/1, Soil extract 17.75g/l and Agar 15.0g/l. Final
pH ( at 25°C) 6.8+0.2] by pour plating of serially diluted samples. After incubation, the
isolated colonies were picked and purified by single colony plating technique.

Screening the isolates for Pl production using Protease inhibitor assay (Imada, 2004)

Protease inhibitor assay was carried out using plate assay method. The method was
performed for the detection of protease inhibitor in Skim Milk Agar plate. The purified
fractions containing Pl was added in the media (36£2°C) before pouring onto the plates. The
media was immediately poured and allowed to solidify at room temperature. Similarly
another set of skimmed milk agar plates were prepared without PI (control). Using sterile
conditions 6mm well was made in the centre of the skimmed milk agar plate. Twenty
microlitre of 0.5mg/mL trypsin (as protease enzyme) was added in the well of both test and
control plates. All the Pl added plates were incubated at 37°C to observe the inhibition of
casein hydrolysis. And the plates without Pl were incubated to observe the casein hydrolysis
due to the action of trypsin in the well. The PI extracted from the isolates inhibiting the casein

hydrolysis was selected as the significant organism of microbial mat origin. To confirm the
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effect of PI screened, caseinolytic broth assay was performed as the secondary screening
method.

Protease inhibitor (PI) production from selected isolate (Leung et al., 2000)

A loopful of cells from the freshly grown stock culture slants were transferred to a
10mL Casein broth incubated at room temperature (28+2°C) for 18h with constant shaking at
120rpm on a rotary shaker. After incubation, this pre-culture was transferred to a 50ml
production media containing trypsin as substrate. The media were incubated at room
temperature (28+2°C) with constant shaking at 120rpm on a rotary shaker. After 48h
incubation the broth was centrifuged at 10,000rpm for 15min at 4°C. This cell free
supernatant was used as crude protease inhibitor (PI).

Purification of protease inhibitor (Wahyudi et al., 2010)

The crude Pl samples were purified using standard Ammonium sulphate precipitation.
Ammonium sulphate (Hi Media) required to precipitate the protease inhibitor was optimized
using 30% saturation to the crude extract. After complete dissolution of ammonium sulphate,
the solution was kept for precipitation at 4°C for 4 h. Protein precipitated was collected by
centrifugation at 10,000rpm for 15 min at 4°C. The precipitate obtained after ammonium
sulphate precipitation was further dialyzed against 0.01M phosphate buffer (pH 7.5), in order
to remove the ammonium sulphate from the precipitate. Purified fractions were finally

screened for protease inhibitor assay.
Secondary Protease inhibitor (PI) assay (Imada, 2004)

Secondary Protease inhibitor (PI) assay was performed using Caseinolytic broth assay
method. Briefly, fifty microlitre of trypsin (as protease enzyme) in 0.6ml of 30mM Tris-HCI
buffer (pH 7.0) was mixed with 0.6ml of purified fractions of purified Pl for 10min at 28°C.
One ml of 1% casein in the mixture was added and incubated for 10min at 28+2°C. About
5ml of 10% trichloroacetic acid was added to terminate the enzyme-substrate (trypsin-casein)
reaction and mixture was kept for 15min at 28+2°C. The mixture was centrifuged at 5000rpm
for 10min. The optical density of filtrate was measured by turbidometric measurement at
260nm in a UV-Vis spectrophotometer. Optical density of the blank and control (without PI)
were also collected. One unit of inhibitor activity was defined as the amount by which

enzyme activity was reduced by 50%.
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The percentage of inhibition was calculated as
Protease Inhibition (%) =1-B/A X 100

where, A was the optical density of sample (without inhibitor), and B was the optical density

of sample (with inhibitor).
Antibacterial activity of PI against biofilm producing bacteria (Gulati et al., 2018)

The antibacterial activity of purified fractions of Pl was evaluated against biofilm
producing bacterial species using Agar well diffusion method. Sterile Muller-Hinton agar
plates were prepared. The plates were allowed to solidify for 5 minutes and wells of 6 mm
were punctured using a well borer. 0.1% inoculum suspension of each test organisms
(Escherichia coli Staphylococcus albus and Citrobacter sp) was swabbed uniformly over the
surface of the agar. About 20ul of PI fraction was added onto the well. All the plates were
incubated at 37°C for 24 hours. Zone of inhibition around the well was measured after

incubation and recorded.
Anti-biofilm assay of PI against biofilm producers (Schillaci et al., 2008)

Anti-biofilm properties of protease inhibitor were determined using Sustained
Inhibition assay against the test organisms. The procedure contains two series of bacterial
adherence phase on the microtitre plate surface. Pl was added during the first 90-minute
adherence phase.

Briefly, 100ul of protease inhibitor at different concentrations (15.6—100ul/ml) and
standard drug, ofloxacin in concentration 7.8-100ul/ml in sterile TSB medium with 1%
glucose was added to selected wells of a 96-well microtiter plate, seeded with 100ul of a
suspension that contained 10° cells/ml, and incubated for 24h at 37°C to allow biofilm
formation. The contents of the wells were aspirated and washed three times in sterile PBS.
The extent of biofilm formation was assessed by the MTT reduction assay as described by
Schillaci et al. (2008). The results are expressed as the minimal biofilm inhibitory
concentration (MBIC) compared with the control (without treatment) for the MTT assays.

RESULTS AND DISCUSSION
Collection and processing of Microbial mats

Microbial mats selected from the natural source after rain stopped is presented in
Fig.1a and Fig.1b. Mats appeared bluish green with brown coloured top surface indicating the

growth of several types of soil microbes. As the mats were found sustaining in the natural
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environment, soil microbes would form a microbial consortium with the aid of their native

soil enzymes.
Isolation of bacteria from microbial mats (Charlesworth et al., 2019)

Microorganisms isolated from the microbial mat sediments in the Soil Extract Agar
media by pour plating of serially diluted samples were presented in Fig. 2a, 2b and 2c. The
isolated colonies were picked and purified by single colony plating technique. The isolated
cultures were maintained in Nutrient Agar media slants at 4°C. Six isolates based on the

colony morphology and colour were selected randomly for the screening tests.
Screening the isolates for Pl production using Protease inhibitor assay

Among the six isolates, 1A and 1B are selected based on the obtained results
presented in Table-1. No casein hydrolysis was evident around the colonies of 1A and 1B.
This results showed that isolates were capable of producing protease inhibitor. Other isolates,
1C, 1D, 1E and1F are considered as non Pl producing isolates as the casein hydrolysis was
significantly found evident (Fig. 3). The Pl producer (isolate 1B) was used for further
experiments and the isolate was named as 1gPl. The same experiment was carried out
separately for the selected isolate in the media with and without protease inhibitor. Casein
hydrolysis was found evident in the media without protease inhibitor (Fig. 4a). Casein
hydrolysis was inhibited due to the presence of protease inhibitor in the other plate (Fig. 4b).

Purification of protease inhibitor

The crude PI samples were purified using standard Ammonium sulphate precipitation.
Protein precipitated was collected by centrifugation and further dialyzed against 0.01M
phosphate buffer (pH 7.5), in order to remove the ammonium sulphate from the precipitate
(Fig. 5). The purified fractions finally collected in the vials were presented in Fig. 6. Each

purified vials are used for secondary protease inhibitor assay.
Secondary Protease inhibitor (PI) assay

The protease inhibitory activity of isolates B;PI, B,Pl and B3Pl was analyzed after
reacting with protease based trypsin substrate. Among the Pl fractions of three bacterial
isolates, B,PI expressed significant inhibitory activity of 77.5+0.25%. B;Pl and B3PI also
inhibited trypsin action of upto 27.3+0.57% and 32.2+0.86% respectively. As the difference
in the inhibitory activity was highly evident among the three isolates, this assay was

considered as the confirmatory method (Table-2). As the isolate B,PlI showed maximum
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inhibitory activity in the secondary Pl assays, the antibacterial activity was carried out using
the PI fractions of the same isolate.

Antibacterial activity of Pl against biofilm producing bacteria

Antibacterial activity of the B,PI protease inhibitor fractions were assessed against the
biofilm producing organisms on MHA plates compared with a standard fluoroquinolone drug
ofloxacin. The quinolone drug was already proved to be effective against organisms
associated with biomaterial centered infections caused due to biofilm producers. During the
analysis, the zone of inhibition measured in millimetres for Pl and ofloxacin was calculated
in triplicates and presented in Mean + Std deviation. The most significant biofilm producing
organisms Escherichia coli and Staphylococcus aureus were observed to be highly
susceptible to the inhibitor fractions. Escherichia coli and Staphylococcus aureus exhibited
inhibitory zones of 22.3+1.04mm and 20.2+0.25mm. Staphylococcus epidermidis and
Klebsiella pneumoniae showed inhibitory zones of 20.2+0.25mm and 19.6£0.57mm. As
expected drug resistant Pseudomonas aeruginosa expressed less inhibitory activity
(18.3+0.57mm) than the other test organisms. Similar difference in the susceptible pattern

was evident for the fluoroquinolone ofloxacin (Table-3).

The obtained results revealed that the protease inhibitor fractions increase the
therapeutic effect resulting in greater inhibitory zones against the test organisms. The mode
of action of PI on the process of enzyme production was reported. Protease inhibitors control
the action of proteases that are indispensable for the growth and development of the
organism. Protease inhibitors were considered to inhibit the growth of protease producing
microorganism. It has been shown that protease inhibitors participate in the defense response
of pathogens. Recently, protease inhibitors have received new interest due to their potent
ability to prevent carcinogenesis in a wide variety of in vivo and in vitro systems (Jin-Young
et al., 2009).

Anti-biofilm assay of Pl against biofilm producers

To determine the effect of Pl on protease producing bacteria which are associated
with the biofilm production was studied using sustained inhibition biofilm assay. In this
assay, protease inhibitors added during the 90-minute adherence and 24-hour growth steps
prevented the biofilm formation of all test organisms in the microtitre plate well surfaces.
Antibiotic resistant characters of the biofilm producing bacteria always remain as a common

problem in treatment of biofilm associated infections. B,PI protease inhibitor fractions
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showed sustained biofilm inhibition on all the test organisms in terms of minimal biofilm
inhibitory concentration. Escherichia coli and Staphylococcus aureus exhibited 31.2ul/ml of
MBIC. Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus epidermidis
showed 62.4ul/ml of MBIC (Table-4). The effect of PI concentrations was found

comparatively closer to the MBIC of fluoroquinolone ofloxacin (31.2ul/ml).

The ability of test organisms to form biofilms may challenge the treatment protocol
especially resistant to all classes of antibacterial drugs used currently in health care systems.
The results established in the present research suggested that proteolysis is important for the
maintenance of the biofilm structure since protease inhibitors contribute to the prevention and
disruption of these biofilms (Lohse et al., 2017).

Proteases may play several different roles in bacterial biofilm formation, an idea
supported by the fact that proteases are dynamically expressed throughout the course
of biofilm formation. Proteases like serine and aspartyl types are highly up-regulated at
certain stages of biofilm formation, which are known to mediate adhesion of bacterial cells to
surface. Proteases may also contribute to the breakdown and acquisition of nutrients, the
processing of molecules important for biofilm formation. Although the involvement of
secreted proteases in biofilm formation is a relatively new concept, there is some precedent
for this idea in bacterial biofilms, where extracellular proteases were found to be involved in
the processing of adhesion molecules during biofilm formation of bacterial species (Fox et
al., 2015).

As the results in the present research showed promising antibacterial and anti-biofilm
activity, the protease inhibitor from the microbial mat isolate B,PlI would be an effective
alternative to most of the commercial antibiotics in future. It was reported that PI could also
act synergistically with other classes of antibacterial drugs, antifungal drugs (Lohse et al.,
2020) and antiviral drugs (Tsang and Hong, 2009).
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Table-1: Screening the isolates for P1 production using Protease inhibitor assay

S. No. Isolates Observation Pl assay
1 1A No casein hydrolysis Pl producing isolate
2 1B No casein hydrolysis Pl producing isolate
3 1C casein hydrolysis Non PI producing isolate
4 1D casein hydrolysis Non PI producing isolate
5 1E casein hydrolysis Non PI producing isolate
6 1F casein hydrolysis Non PI producing isolate
Table-2: Secondary Protease inhibitor (PI) assay of the isolates
S. No. Isolates Trypsin inhibition (%)
1 B1PI 77.5£0.25
2 B.PI 27.3+0.57
3 B3PI 32.2+0.86

*Mean + Standard deviation

Table-3: Antibacterial activity of Pl against biofilm producing bacteria

) Zone of inhibition (mm)
S.No Test organism i
Pl STD (Ofloxacin)
1 Escherichia coli 22.3£1.04 24.3+£1.08
2 Klebsiella pneumoniae 19.6+0.57 23.6+0.25
3 Pseudomonas aeruginosa 18.3+0.57 22.1+0.86
4 Staphylococcus aureus 21.6+1.08 23.3+£1.04
5 Staphylococcus epidermidis 20.2+0.25 24.6x£0.57

*Mean + Standard deviation

Table-4: Anti-biofilm assay of PI against biofilm producers

MBIC values (ulI/ml)

S.No Test organism B,PI protease Ofloxacin
inhibitor (Antibiotic)
1 Escherichia coli 31.2 31.2
2 Klebsiella pneumoniae 62.4 31.2
3 Pseudomonas aeruginosa 62.4 31.2
4 Staphylococcus aureus 31.2 31.2
5 Staphylococcus epidermidis 62.4 31.2
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Fig. 1a Microbial mat-1 Fig. 1b Microbial mat-2

Fig. 1: Selection of Microbial mat

Fig. 2a Fig. 2b

Fig. 2c

Fig. 2: Isolation of bacteria from microbial mats
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(1A and 1B are Protease inhibitor producers — No casein hydrolysis)
(1C, 1D, 1E and 1F are NOT protease inhibitor producers — casein hydrolysis is evident)
Fig. 3: Screening the isolates for Pl production using Protease inhibitor assay

Fig. 4a: Casein hydrolysis evident (absence of Pl)

Fig. 4b: Inhibition of casein hydrolysis (presence of PI)
Fig.4: Protease inhibitor assay of microbial mat isolate (1BPI)
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Rotome Tnhibitor Supostont-

Fig. 6: Purified fractions of Protease inhibitor
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