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ABSTRACT

This study was aimed at producing protease and lipase simultaneously on a common medium by Bacillus

licheniformis VSGI1, which was isolated from a tannery effluent. The effect of media composition with

respect to protein source, lipid source and emulsifier on the production of protease and lipase was

analysed. Both those enzymes were produced under optimized conditions like pH, temperature and

incubation time. The enzyme mixture comprising of both protease and lipase was purified by ammonium

sulphate precipitation, dialysis and gel filtration chromatography to obtain 20-fold pure enzymes.

The purified enzyme mixture was characterized to determine the optimum pH and temperature of protease

and lipase, the response of the enzymes to inhibitors, additives and solvents. The molecular weight of both

the enzymes was determined as 40 kDa on SDS-PAGE. The concomitant production of protease and lipase

and the purification of both the enzymes in a single mixture have industrial significance, as many industrial

processes use both protease and lipase together.
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INTRODUCTION

Of all the industrially important enzymes, proteases
followed by carbohydrases and lipases have a wide range of
applications. Proteases and lipases have great industrial
potential and are exploited by many industries. Both these
enzymes are widely used in detergents, leather, dairy, baking
and pharmaceutical industries. Processes like bating the leather
and cleaning slaughter house equipment require a mixture of
protease and lipase (18). Thus concomitant production of
protease and lipase has industrial significance. Proteases and

lipases occur widely in microorganisms, plants and animals

(15, 21). Among the microbial sources, bacteria especially
Bacillus sp have been exploited for production of proteases and
lipases (6, 17). There are many reports which have optimized
the production of protease and lipase in separate media and
very few reports on a mixed media. But no information
concerning the purification of the simultaneously expressed
protease and lipase is available. Simultaneous expression of
protease and lipase will prove to be useful as few industrial
processes require the action of both protease and lipase. An
elaborate study in the simultaneous expression of both these
enzymes becomes necessary because lipase production is found

to be influenced by the presence of protease in vivo and
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in vitro. There are reports that suggest the involvement of
protease in the down regulation or enhancement of lipase
production in Acinetobacter calcoaceticus and Lactobacillus
plantarum (10, 14). But no such studies have been reported
with Bacillus species. The aim of this study is to analyse the
influence of media components on the concomitant production
of protease and lipase and to purify and characterize both
protease and lipase produced on a common production medium

using Bacillus licheniformis VSGI.

MATERIALS AND METHODS

Microorganism
The bacterial strain, Bacillus licheniformis VSG1 used in
this study was isolated from a tannery effluent collected at

Chennai, India.

Chemicals and reagents

All the chemicals used were of analytical grade. Tween
80, tributyrin, p-nitrophenol and all the chemicals used for
electrophoresis were purchased from Himedia (Mumbai,
India). All the other chemicals used throughout the study were

purchased from Qualigens (Mumbai, India).

Medium composition

Four types of media with varying composition were
studied. The production medium A comprised of 0.2% glucose,
0.5% yeast extract (YE), 0.5% tributyrin and 0.5% sodium
chloride, 0.04% calcium chloride, 0.2% magnesium chloride,
0.1% magnesium sulphate and 0.1% potassium dihydrogen
phosphate. The medium B had 0.5% peptone which replaced
YE in medium A. Medium C had 0.5% Tween 80 added to
medium A and medium D had 0.5% Tween 80 added to
medium B. The pH of all the production media was adjusted to
7.0. Enzyme productions were carried out in 250 ml
Erlenmeyer flasks with 50 ml of production medium inoculated

with 1 ml of an overnight culture. The flasks were incubated at

37°C with a constant shaking at 180rpm for 3 days.

Enzyme assay

Caseinolytic activity was measured by the photometric
method of Rahman et al. (20). One unit (U) of protease activity
is equivalent to 0.5 pg of tyrosine liberated by 1.0 ml of
enzyme solution under the assay conditions. The amount of
tyrosine was determined from the tyrosine standard curve.
Lipase activity was assayed by the photometric method of
Kordel et al. (11). One unit (U) of lipase activity is equal to the
amount of enzyme required to liberate 1pmole of p-nitrophenol

per min under the assay conditions.

Enzyme production and purification

Enzyme production was carried out using Media C (pH
9.0, temperature 40°C, incubation time of 30 hours). The
production media was centrifuged at 10,000g at 4°C and the
cell free supernatant was the crude enzyme. The proteolytic
and lipolytic efficiencies of the crude enzyme were analyzed.

All purification procedures were carried out at 4°C. The
crude enzyme was subjected to 70% saturated ammonium
sulphate precipitation. The precipitate was dissolved in
minimal amount of 0.5M Tris HCl buffer of pH 7.0, the
enzyme activities were assayed and then dialysed extensively
against the same buffer. The enzyme activities in the dialysate
were assayed. Ten milliliters of the dialysate was loaded on to
a Sephadex G100 column which had been pre-equilibriated
with 0.5M Tris HCI buffer of pH 7.0 containing 0.5M NaCl
and eluted with the same buffer at a flow rate of 30ml/hour. All
eluted fractions (2ml) were assayed for enzyme activities and
the fractions with high activities were pooled. The pooled
fractions were subjected to dialysis against Tris HCI buffer and
the enzyme activities in the dialysates were determined. The
dialysates were again loaded on a Sephadex G-100 column pre-
equilibriated with Tris HCI buffer and eluted with the same
buffer.

Characterisation of enzymes
The optimum pH of protease and lipase present in the
partially purified enzyme mixture was studied over a range of

5.0 to 12.0 by incubating the enzyme mixture for 30 min with
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casein for protease and tributyrin for lipase. The optimum
temperature of both the enzymes was studied by pre-incubating
the enzyme mixture for 30 min at temperatures ranging from
20°C to 70 °C.

The effect of additives like SDS, Triton X-100 and H,O,
on the activity of protease and lipase was studied at a
concentration of 2% v/v or w/v. The residual enzyme activity
after an incubation period of 20 min was determined. The
effect of organic solvents like hexane, benzene, isopropanol,
dimethyl sulphoxide at concentration of 0.5% v/v was studied
by incubating the enzyme mixture for 1 hour at 37 °C.

The enzyme mixture was studied for stability by storing it
at -4°C and 32°C and the activities of protease and lipase were
assayed on the 10™ and 20™ day of storage.

The purified enzyme mixture was subjected to
electrophoresis on 10% acrylamide gel (12) and molecular
weight was determined by comparing the relative mobility of
the protein band with that of molecular weight markers.
Activity staining was performed on 0.1% copolymerized
gelatin as substrate to study protease activity, according to De
Azeredo et al. (4). Lipase activity staining was performed
using tributyrin agar according to the method of Singh et al.

22).
RESULTS AND DISCUSSION

Tanneries exploit protease and lipase at various stages of
leather processing like soaking and bating. A bacterial strain
which could produce protease and lipase concomitantly was
expected to colonise in the tannery effluent and a potent strain
was screened and isolated. The bacterial strain was identified
as Bacillus licheniformis VSGI.

A study was conducted earlier by us on separate
production media for protease and lipase production by our
isolate (data not shown). Peptone and YE were found to be the
best nitrogen sources for protease and lipase production
respectively. Tributyrin was found to be the best inducer of
lipase. In the present study protease and lipase production on 4

different common production media, A, B, C, D with different

Production of protease and lipase by B. licheniformis

compositions were studied to maximize production of both
lipase and protease. The results revealed that the enzyme
production in medium with YE as nitrogen source, tributyrin as
an inducer of lipase and Tween 80 as emulsifier (medium C)
was maximum (Fig 1). Protease production in medium A was
equal to that in medium C but lipase production was 18% less.
The medium with peptone and Tween 80 (media D) produced
20% less protease and 15% less lipase. Production study on
medium B shows a 22% reduction in the production of both
lipase and protease. Thus YE served to be a better nitrogen
source for protease and lipase production than peptone. Joshi et
al. (9) have reported a combination of both YE and peptone as
a better source for protease production by Bacillus cereus.
Moreover, the presence of Tween 80 enhanced the production
of enzymes which can be attributed to the emulsifying action of
Tween 80 which facilitates better uptake of substrates by the
bacteria (Fig 1). Henriette et al. (7) have reported that Tween
80 induces lipase biosynthesis and increases the secretion of
the same. Lipase production was enhanced when the substrate
formed an emulsion and presented an interfacial area to the
enzyme. Tween 80 can also enhance the performance of lipase
(13) or can act as an inducer of lipase gene expression (2) or

can act as substrate for lipase or esterase (19).

Figure 1. Effect of media components on enzyme production
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Enzyme activity is the mean of three independent experiments.

Enzyme production was carried at 37 °C for 3 days.

The enzyme production using medium C was considered as 100% and
production with the media A, B and D are given as % of enzyme production
using media C.
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The crude enzyme was subjected to purification and 20-
fold purity was obtained after the final purification step. 6-fold
purity of both enzymes was obtained after ammonium sulphate
precipitation and dialysis. 16-fold purity was obtained after the
single step purification on Sephadex G-100 column and the
purity enhanced to 20-fold with the second purification step on
Sephadex G-100 column (Table 1).

The purified enzyme mixture consisting of both protease
and lipase was characterized. The optimum pH for the activity
of both lipase and protease was found to be 9.0. The enzymes
were stable between pH 8.0 and 12.0. Thus these enzymes are
as effective as the important detergent enzyme subtilisin
Carlberg which as maximum activity between pH 8.0 and 10.0

(8). The optimum temperatures of the enzymes were slightly

different, with protease exhibiting maximum activity at 45°C
and lipase at 55°C. Both lipase and protease showed very low
activities at temperature less than 37°C and more than 60°C.
Protease from a thermophilic Bacillus sp too has exhibited a
reduction in enzyme activity at temperatures more than 60°C
(16). Lipase produced by a B.licheniformis MTCC 6824 had
45°C as optimum temperature, as reported by Chakraborty and
Paul Raj (3). Thus these enzymes are best suited for detergent
and leather industries in processes which adopt temperature
less than 60°C and alkaline pH (Fig 2). The low optimal
temperature for protease and lipase activities are desirable for
detergent formulations as reputed branded garment
manufacturers recommend washing at normal temperatures

(23).

Tablel. Purification of protease and lipase produced by Bacillus licheniformis VSG1

a) Protease
Purification step Total protein  Specific activity Recovery Purification
(mg) (U/mg) (%) (fold)
Crude 120 16.2 100 1
Ammonium sulphate
precipitation 44 32.0 73 3
Dialysis 22 53.0 61 6
Sephadex G-100 7.5 112.0 43 16
Sephadex G-100 3.6 180.5 33 20
b) Lipase
Purification step Total protein  Specific activity Recovery Purification
(mg) (U/mg) (%) (fold)
Crude 120 13.0 100 1
Ammonium sulphate
precipitation 44 28.0 63 3
Dialysis 22 48.6 54 6
Sephadex G-100 7.5 101.0 39 16
Sephadex G-100 3.6 160.0 30 20
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Figure 2. Effect of pH (a) and temperature (b) on enzyme activity

Production of protease and lipase by B. licheniformis
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Response to inhibitors shows that the protease produced
by Bacillus licheniformis VSG1 has serine at or near the active
site and the lipase produced was dependent on metal ions. The
enzymes suffered a minor reduction in activity when treated
with H,O, and SDS. Ten percent of the activity of both lipase
and protease was lost when treated with H,0,. Protease activity
was reduced by 12% and lipase activity by 9% in the presence
of SDS. Addition of Triton X-100 did not affect enzyme
activity. Bayoumi et al. (1) has given a similar report about a
lipase suitable for detergent industry. Both lipase and protease
were found to be tolerant to solvents. The enzymes exhibited a
7% reduction in activity in response to hexane and isopropanol,
5% reduction with DMSO and benzene during the post
incubation period (Table 2). The tolerance exhibited by lipase
and protease to additives and organic solvents was appreciable

and contributes to their better usage as detergent additives. The

stability of enzymes in the presence of solvents may be due to
the replacement of water molecules in the enzymes by organic
molecules and thereby stabilising the structure of the enzyme
(5). Thus

concomitantly by Bacillus licheniformis VSG1 could be

the enzymes, lipase and protease produced
exploited for industrial purposes. Protease and lipase produced
by different organisms but used as a mixture have been
patented and used (18). The enzymes were found to be stable
during their storage at -4 and 32°C with only a decrease by 4%
in protease activity and 5% in lipase activity (Table 3). Lipase
produced by Bacillus licheniformis VSG1 was thus found to be
resistant to proteolysis. Involvement of proteolytic activity in
the processing of extracellular lipase was investigated earlier
and in vitro studies on effect of proteases on lipases showed
that lipolytic activity was positively affected by acid proteases
(14).

Table 2. Effect of inhibitors, additives and organic solvents on the activity of protease and lipase

Reagents Activity of protease (%) Activity of lipase (%)
None 100 100
Inhibitors
PMSF 20 99
EDTA 100 48
Phenanthroline 100 40
Dithiothreitol 100 100
Todoacetate 100 100
Additives
SDS 78 91
Triton X-100 99 100
H,0, 90 90
Organic solvents
Hexane 93 93
Benzene 95 94
Isopropanol 93 94
Dimethyl sulphoxide 95 95
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Table 3. Heat stability of protease and lipase

Temperature Day Activity of protease Activity of lipase
(U/ml) (U/ml)
0 114 82
-4°C 10 108 77
20 107 78
32°C 10 110 78
20 110 76

Electrophoresis on SDS-PAGE revealed a single band of
protein corresponding to a molecular weight of 40kDa (Fig 3).
The presence of a single band indicates that the protease and
lipase produced by Bacillus licheniformis VSGI1 had similar
molecular weights. Protease activity was confirmed by a
colorless band on blue background while lipase activity was
confirmed by a yellow band on pink background (Fig 4). Both
protease and lipase can thus be produced as a single mixture
which will serve to fulfill the requirements of industrial

processes which employ both these enzymes as bio-catalysts.

Figure 3. SDS-PAGE analysis of the purified protease and

lipase
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Lane A: molecular weight markers;
Lane B: protease and lipase as a single band corresponding to 40 kDa

Figure 4. Zymogram of protease and lipase

A B

Lane A: Proteolytic activity indicated by a colorless band on a blue
background;
Lane B: Lipolytic activity indicated by a yellow band on a pink background

CONCLUSION

Bacillus licheniformis VSG1 was isolated from a tannery
effluent and the organism was studied for the concomitant
production of protease and lipase. Both these enzymes were
found to have the same molecular weight and could be
produced in a single mixture and thus can be useful for many

industrial processes.
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