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Screening and Isolation of Collagenase Producing Microorganism from Proteins Waste Found in
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Abstract
Multicellular organisms of the human and animal bodies such as skin, bones, tendons, cartilage and blood vessels have collagen as a fibrous element. Collagen is a
most representative protein of the leather wastes and collagenase is a proteolytic
enzyme. The collagenase is responsible for the degradation of native collagen to
small peptide fragments, without affecting the other proteins. Collagenase has
widespread applications such as cosmetics, wound healing, diabetic ulcer, arterial
ulcers and burns surgery, etc. In the present study, Twenty-seven collagenaseproducing microorganisms were identified and isolated from soil/sewage samples
of the fish market and slaughterhouse areas. CS-20 sample was found most efficient producer microorganism of collagenase. This sample was identified from
Pseudomonas genus and isolated as Pseudomonas species. The parameters such as
temperature, substrate, pH, incubation period and inoculum percentage were also
optimized to screen the hyper producer strain with maximum collagenase activity.
CS-20 isolate (Collagenase producing microorganism) was capable of hydrolyzing
other protein substrates such as gelatine and azocoll. Thus, CS-20 isolate is highefficiency strain for the production of collagenase.
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Introduction
Microorganisms are one of the best agents to produce
enzymes, and right selection of microbe is a key factor for
their large-scale production [1]. In addition, hydrolytic
activity and specificity toward the substrate is also one of
the primary factors that help to screen healthy strain [2].
Identification, isolation, and characterization of novel
strains for the production of industrial important enzymes
at economical level are still continuous process [1, 3].
Waste based protein enriched habitats are the most suitable
resources of proteolytic agents. Numbers of proteolytic
fungi and bacteria have been isolated, but very few of
them are commercial exploited. As described in literature,
the most extensive works have been reported on the bacterial collagenases because of their broad substrate specificities and abilities to degrade both native and denatured
collagens [4]. Collagenases have been isolated and characterized from both microbial cells and animal tissues [5].
Procollagenase is secreted from a variety of cell lines in
the culture, including fibroblasts [6]. They are mostly extracted from viscera organ of fish/other animals, but the
process of extraction is very tedious and uneconomical [7,
8]. Schenck and his co-workers highlighted that collagenase production by fungi is limited [9]. The collagenases
were mostly reported from bacteria such as Clostridium,
Pseudomonas, Vibrio and Streptomyces sp.. These collagenases can break collagen polypeptides at multiple points
[6]. Collagenase avoids the introduction of pathogens

derived from the animals into bioprocessing. Highly purified form of collagenase is used for the collagen and biosynthetic studies [10]. Collagenase has widely been used
by the molecular biologist in medical industries [11-13].
Collagenase, successfully used for the isolation of cells
from bone [14], cartilage, thyroid glands [15], ovarian and
uterine tissues [16], skin, endothelial cells [17]. Enzymatic
debridement, non-surgical removal of debris from wounds
and removal of dandruff are some of the interesting applications of collagenase [18]. Collagenases are also useful in
blood clots removal. Proteins enriched waste material from
meat, poultry and fish-processing industries is a good
economical resource for collagenase production [19, 20].
Moreover, the enzymes activities are not enough to use
them for industrial processes. Oftenly, the industrial
processes are performed under specific conditions,
required for the activity and stability of the enzyme. Therefore, the present study focused to isolate the collagenaseproducing microorganism from protein waste discharged
soil, which is capable to produce the enzyme of broad substrate specificities with multiple applications for commercial interest.
Materials and Methods
Microorganism and Chemicals
Isolation of Microorganisms
Collagenase producing microorganisms were screened and
isolated from the soil/sewage samples collected from the
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local fish market and slaughterhouse area of Bilaspur and
Shimla, Himachal Pradesh, India. The soil samples were
serially diluted (10-8) by sterile distilled water, and 100 μl
suspension was spread evenly on the plate, incubated at
37°C for 24 h [21]. Collagenase activity was tested
through a selective medium (pH 7.5). The selective medium contained (per liter): 20 g gelatin, 0.1 g NaCl, 5 g
peptone, 0.5 g KH2PO4 and 0.2 g MgSO4.7H2O, pH 7.5.
After 24 h of incubation at 37 °C, the acidic hydrargyrum
solution was used to detect the colonies with glatin hydrolysis activity. The acidic hydrargyrum solution consisted
of 15 g HgCl2 and 20 ml dense hydrochloric acid per
100 ml. The bacteria with a bigger ratio of gel hydrolysis
collar to colony diameter were inoculated into fluid
medium [23]. All the bacterial strains were streaked on to
new medium plates before using acidic hydrargyrum solution for the detection of gelatinase activity. The selected
positive isolates were grown in a liquid medium [22].
Identification
Morphological characteristics of all the positive isolates
were studied and evaluated for gelatin hydrolysis activity.
Further, the screening was done on the basis of their ability
to digest goatskin and hydrolysis of the substrate azocoll.
The bacteria with a bigger ratio of gelatin hydrolysis zone
were inoculated in production medium (pH 7.5), contained
(%, w/v): glucose 2.0, yeast extract 0.15, tryptone 1.0,
CaC12 0.005, NaH2PO4·2H2O 0.05 and K2HPO4·3H2O
0.25 [22]. The medium (50 ml) was supplemented with
autoclaved dehaired goatskin pieces (2 g, w/v) of approximately 2x2cm2 size, and inoculated with 24 h old inoculum of the positive isolates. All the isolates were incubated
at 37°C with the agitation rate/speed of 150 rpm. The observation was carried out after 48 h and found the digestion of goatskin. Total 27 microorganisms were isolated,
and one hyper producer (CS-20) strain was found which
showed highest collagenase activity during screening. This
CS-20 was sent to Microbial Type Culture Collection and
Gene Bank (MTCC), a national facility of the Institute of
Microbial Technology, Chandigarh, for identification. CS20 sample was Pseudomonas species.
Assay of collagenase activity
Collagenase and protease activity of Pseudomonas sp.
(CS-20) was assayed using different substrates including
gelatin, and azocoll.
Gelatin as substrate
Collagenase activity was initially measured using gelatin
as substrate, according to the method described by Nagano
and Kim, (1999) [23].
Azocoll as substrate
Cultures exhibiting activities on the denatured gelatin were
subjected for further assay using azocoll (Insoluble,
ground collagen attached with azo-dye) as substrate. This
substrate was used because of its sensitivity towards variety of proteolytic enzymes and reproducibility of the assay
for its hydrolysis [24].
One ml reaction mixture containing 2 mg of azocoll, 0.5
ml cell free supernatant/ enzyme and 0.1 M Tris-HCl buffer containing 0.05 M CaCl2 (pH 7.5) was incubated at
37°C. After incubation for 30-120 min, the reaction mixtures were placed on ice and undigested azocoll was
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removed using centrifugation. The absorption of the supernatant was measured at 540 nm (A540).
Enzyme activity
The concentration of hydrolyzed amino acids was determined by a standard curve of L-leucine. One unit (U) of
enzyme activity has been defined as the amount of enzyme
required for the hydrolysis of 1 μM of substrate per min as
per assay conditions. The collagenase from Pseudomonas
sp. was found to be an extracellular in nature. Hence, the
culture supernatant was used for the enzyme assay.
Optimization of physical parameters for collagenase production by CS-20
The various parameters optimized for the maximum production of collagenase by CS-20 which includes; selection
of medium, role of inducer, optimization of medium pH,
incubation temperature, inoculum size and age, incubation
time and agitation rate.
Results and Discussion
Isolation of the collagenase-producing microorganisms
Isolation of the collagenase producing microorganisms
were carried out with selective medium [pH 7.5; %, w/v:
gelatin 2.0, agar 1.5, NaCl 0.01, peptone 0.5, KH2PO4 0.05
and MgSO4·7H2O 0.02] from soil and sewage samples.
The acidic hydrargyrum solution was used to detect the
colonies with gelatin hydrolysis activity after 24 h of incubation at 37°C. Total 27 isolates were isolated.
Screening and selection of the collagenase-producing
microorganisms
A large number of samples used for the isolation of
collagenase producing microorganisms. The twenty seven
positive strains were observed that showed good gelatin
hydrolysis zone, and selected to grow in the liquid
culture medium [22]. Secondary screenings of these isolates were carried out based on their ability to hydrolyze
the substrate azocoll and digestion of goatskin. Out of 27
isolates, only seven bacterial strains produced high collagenase activity with azocoll. These strains were further
used to confirm their potential to digest goatskin, by inoculating them with autoclaved piece of goatskin suspended in
the production medium (Table 1). The total of 27 microbial isolates were found active but the bacterial isolate CS20 showed the maximum collagenase activity with gelatin
and azocoll substrate (Figure 1). Gram stain was performed with CS-20 isolate, which showed Gram-negative
rods. The CS-20 isolate produces colonies with a characteristic greenish pigmentation on bacteriological media
(Table 2; Fig. 2).
In mixed cultures, it can be isolated as clear colonies
on MacConkey agar (as it does not ferment lactose) which
will test positive for oxidase. Confirmatory tests include
the production of the blue-green pigment pyocyanin
on cetrimide agar. The isolated strain was Gram-negative
and identified as Pseudomonas sp. at IMTEH Chandigarh.
Further, the production and characterization of collagenase
was carried out with the CS-20 (Pseudomonas sp.). The
importance of Pseudomonas family in human disease is
well known, especially in nosocomial infections as well as
the patients being treated with corticosteroids, antineoplastic drugs, radiation and prolonged antimicrobial therapy.
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Pseudomonas sp. produces a variety of extracellular substances that may play a role in the disease process particularly the proteolytic enzymes [25-26].

a

Optimization of physical parameters for collagenase production using Pseudomonas sp (CS-20)
Selection of medium for collagenase production
The culture of Pseudomonas sp. was grown on fourteen
different media and assayed for the growth and collagenase activity and change in the initial pH of the media was
also noted (Table 3). The results suggests that the medium
M-5 (pH 7.5) containing (%, w/v) sucrose 1.0, yeast extract 2.0, peptone 1.0, MgSO4.7H2O 0.04, Na2HPO4 0.2
and Na2CO3 0.25 was most suitable for the production of
collagenase. The maximum collagenase activity obtained
with M-5 medium was 0.173 U/ml with 2.21 mg/ml of cell
mass. The Pseudomonas sp. showed comparable collagenase activity with media M-10 and M-2 (0.153 U/ml and
0.137 U/ml, respectively). However, the rest of the media
exhibited very less amount of collagenase activity and
minimum activity was found with M-1, M-6 and M-9
medium. The same medium (M-5) was found most suitable for collagenase production from Streptomyces sp. as
recorded by Endo et al., (1986) [27]. Hence, our results
also confirm that medium M-5 was most suitable and selected for the maximum production of collagenase from
Pseudomonas sp.
Role of inducer in seed and production medium
Earlier reports revealed that collagenase synthesized only
in gelatin and collagen induced conditions [28]. Thus, gelatin and collagen was used as inducer to seed and production media. The different combinations of inducers were
used at a concentration of 0.3%, (w/v) in seed and production medium (M-5, pH 7.5) and finally, the production of
collagenase by Pseudomonas sp. was also determined.

b

c

d

Figure 1. Positive strain with gelatin hydrolysis zone and goatskin digestion ability.
(a) Bacterial strain (b) Gelatin hydrolysis zone observed after 24
h (c) Production medium containing autoclaved piece of goatskin
and inoculated with a bacterial isolate having gelatinase/azocoll
activity (d) Goatskin digestion observed after 24 h.

Table 1. Summary of the morphological characteristics and collagenase activity of the microbial isolates.
Isolate

Colony colour

Colony shape

CS-1
CS-2
CS-3
CS-4
CS-5
CS-6
CS-7
CS-8
CS-9
CS-10
CS-11
CS-12
CS-13
CS-14
CS-15
CS-16
CS-17
CS-18
CS-19
CS-20
CS-21
CS-22
CS-23
CS-24
CS-25
CS-26
CS-27

White
Cream
Cream
Pale yellow
Brown
Cream
White
Cream
Pale yellow
Cream
White
Cream
Pale yellow
Cream
White
White
Pale yellow
Cream
White
Green
cream
Brown
White
Cream
Brown
White
Cream

Rounded
Irregular
Rounded
Rounded
Irregular
Irregular
Irregular
Rounded
Irregular
Rounded
Rounded
Rounded
Irregular
Rounded
Irregular
Rounded
Rounded
Irregular
Rounded
Rounded
Rounded
Irregular
Irregular
Rounded
Irregular
Irregular
Irregular

Gelatinase
Activity
++
++
++
++
++++
++
++
++
+++
+++
++++
++++
++++
+++
++
++
++
++
++
++++
++
++
++
++
++
+++
+++
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Azocoll assay
+
+
+
+
+++
+
+
+
+
+
+++++
+++++
+++++
++
+
+
+
+
+
+++++
+++
+
++++
+

Skin digestion
(after 24h)
Partial
Partial
Partial
Partial
Poor
Complete
partial
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Table 2. Morphological and physiological characteristics of Pseudomonas sp.
Morphological Tests

Colony characteristics

Gram’s staining
Spore formation
Fluorescence

Broth culture

Physiological tests

Growth at temperature

Remark(s)
Round
Undulated
Raised
Rough
Opaque
None
Entire
Forms uniform turbid suspension
Rod
Gram negative
-

Configuration
Margin
Elevation
Surface
Density
Pigments
Edge
Emulsifiability
Shape
Gram stain
Lactose fermentation
Endospore
Bluish green pigment
Culture
Amount of growth
Surface growth
Turbidity
Citrate
Oxidase
Methyl red
Catalase
Urea hydrolysis
Gelatin hydrolysis
37° C

a

+
Aerobic
Moderate
Present
Uniform
+
+
+
+
+
+

b

Figure 2. Culture of Pseudomonas sp.
(a) The growth of Pseudomonas sp. (b) Morphology of Pseudomonas sp.

Table 3. Selection of medium for the production of collagenase by Pseudomonas sp.

M-1
M-2
M-3
M-4
M-5
M-6
M-7
M-8
M-9
M-10
M-11
M-12
M-13

Collagenase activity
(U/ml)
0.022
0.137
0.092
0.073
0.173
0.042
0.119
0.107
0.055
0.153
0.101
0.111
0.113

Cell mass
(mg/ml)
0.41
2.05
2.09
1.76
2.21
1.48
1.19
1.97
0.98
1.59
2.50
3.28
2.83

M-14

0.127

2.75

S. No.

Media used

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
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Final pH
8.1
7.6
8.4
8.5
8.6
8.5
8.3
6.2
7.4
8.6
7.7
7.5
7.6
7.7
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The gelatin was found to increase the growth as well as
collagenase activity (Table 4). Maximum growth (2.22
mg/ml) and collagenase production (0.208 U/ml) was obtained when 0.3% (w/v), gelatin was used in production
media. The final pH of the fermentation broth was found
to increase from 7.5 to 8.6. Reid et al., (1978) reported that
A. iophagus requires a peptone inducer for the production
of extracellular collagenase while later on Nagano and
Kim used the gelatin as inducer in the medium for collagenase production from Bacillus subtilis FS-2 [23, 29].
Numbers of reports have already been published that production of bacterial collagenases was greatly enhanced in
presence of gelatin, casein and collagen substrates [30,
28]. In contrast, production of extracellular collagenase
from Zygosaccharomyces rouxii has shown that there was
no need to add gelatin [31]. In current study, the addition
of collagen in production medium has shown the most
significant results, but for cost effective production of collagenase by Pseudomonas sp., a most economical gelatin
was used as an inducer in production medium.
Table 4. Role of gelatin and collagen the in seed and production
medium.

Optimization of inducer concentration in the production
medium
The varying concentration (0.1 to 0.5%, w/v) of inducer
gelatin has been added to the production medium (pH 7.5)
containing (%, w/v) glucose 2.0, yeast extract 0.15, tryptone 1.0, CaC12 0.005, NaH2PO4·2H2O 0.05 and
K2HPO4·3H2O 0.25. The maximum collagenase activity
(0.210 U/ml) was obtained at the 0.3% (w/v) concentration
of gelatin in the production medium (Fig. 3).

Figure 3. Effect of inducer concentration on collagenase activity
in production medium of Pseudomonas sp.
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However, with further increase in concentration of gelatin,
the collagenase production by Pseudomonas sp. gradually
decreased. The maximum cell mass (2.25 mg/ml) was also
obtained with 0.3% (w/v) of gelatin in production medium.
Similar concentration (0.3%, w/v) of the gelatin inducer
was added in medium for the induction of collagenase
production by B. subtilis FS-2 [23].
Optimization of medium pH for the production of collagenase
The variation in medium pH greatly affects the uptake of
nutrient from the medium which subsequently help in the
growth and metabolite production. Therefore, it is very
important to optimize the initial pH of the medium. The
effect of varying initial pH (4.5-9.0) of the production medium on the growth and collagenase production by Pseudomonas sp. was studied (Fig. 4). The present strain of
Pseudomonas sp. was found to grow at a wide range of pH
4.5-9.0, but showed maximum collagenase production
(0.225U/ml) in culture medium having initial pH 6.5. It
was also evident from the results that the collagenase production was greatly affected at highly acidic or alkaline
initial pH of the production medium. The maximum cell
mass (2.57 mg/ml) was also observed at the same pH 6.5
and on further increasing the initial pH of the production
medium, the enzyme activity decreased. Only 0.041 U/ml
of collagenase activity was observed at pH 9.0.

Figure 4. Effect of pH on growth and production of collagenase
by Pseudomonas sp.

It was reported that most of collagenase producing microorganisms showed optimal growth and enzyme production
at neutral range of pH. The maximum growth and collagenase production by Bacillus sp. strain MO-1 [32], Streptomyces exfoliatus [33] and Zygosaccharomyces rouxii [31]
was reported at the pH 7.0-7.2. The neutral pH also favoured the growth of bacterial isolate NW4327 which was
the primary pathogen of the Great Barrier Reef sponge
Rhopaloeides odorabile [34]. The pH was optimized as
6.5.
Optimization of incubation temperature
The incubation temperature affects the conversion
efficiency of substrates into cell mass and product. The
study of collagenase production by Pseudomonas sp. was
conducted by incubating 50 ml of production medium (pH
6.5) at wide range of incubation temperature (25 to 60°C).
The results revealed that the maximum biomass (2.64
Journal of Applied Biotechnology Reports, Volume 4, Issue 1, Winter 2017
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mg/ml) was observed at incubation temperature 35 to
37°C, however, the maximum enzyme activity (0.229
U/ml) was observed at incubation temperature of 37°C
(Fig. 5).

observed that inoculum with 21 h old seed exhibited maximum collagenase activity (0.263 U/ml) with 3.08 mg/ml
growth after 24 h of incubation (Fig. 7). The cells Pseudomonas sp. in the production medium inoculated with 6 h
old inoculum and growth was found very poor which results in very low level of collagenase activity (0.114
U/ml). However, with increase in the incubation time
beyond 18 h, an increase in cell mass production associated with the increase in collagenase activity was observed. The final pH of the fermentation broth increased in
all the cases.

Figure 5. Effect of temperature on growth and production of
collagenase by Pseudomonas sp.

Moreover, with further increase in incubation temperature,
a decrease in growth as well as enzyme production was
observed.. The increase in final pH of the production medium was found to be associated with the growth of cells.
The same incubation temperature (37°C) was used for collagenase production by Bacillus licheniformis F11.4, cultured aerobically in 250 ml flask containing 150 ml of
growth medium (%, w/v; NaCl 1.0, triptone 0.5, yeast
extract 0.25 and collagen 5 from fish skin) and shaken at
150 rpm [35]. Few other studies have also shown the incubation temperature less than 40°C as optimum for collagenase production [23, 33]. The fungal sources such as Rhizoctonia solani have reported the production of extracellular collagenase at low temperature i.e. 30°C [36]. The incubation temperature of 30°C also observed suitable for
Achromobacter iophagus [29] while thermophilic strain, A.
sendaiensis produce collagenase at 55°C [37]. The temperature 35 to 37°C was optimum for the production of collagenase by Pseudomonas sp.
Optimization of inoculum size
The effect of varying inoculum size (1 to 10%, v/v) on the
production of collagenase by Pseudomonas sp. was studied. The production medium was inoculated with 24 h old
seed and incubated for 24 h at 37°C in a temperature controlled orbital shaker (150 rpm). The results suggest that
the varying inoculum size significantly affect the growth
of Pseudomonas sp. (Fig. 6). The maximum collagenase
activity (0.249 U/ml) with a cell mass of 2.95 mg/ml was
observed when 4% (v/v) inoculum was used to inoculate
the production medium. The decrease in enzyme production at higher inoculum sizes may be due to competition
for nutrients and oxygen in the culture, consequently
failing to attain the enzyme production stage.
Optimization of inoculum age
The production medium was inoculated with the 4% (v/v)
inoculum of the Pseudomonas sp. different ages (6, 9, 12,
15, 18, 21 and 24 h) and incubated at 37°C to determine
the optimum age of inoculum for the maximum production of the collagenase by Pseudomonas sp. It was
Journal of Applied Biotechnology Reports, Volume 4, Issue 1, Winter 2017

Figure 6. Effect of inoculum size (%, v/v) on growth and production of collagenase by Pseudomonas sp.

Figure 7. Effect of inoculum age on growth and production of
collagenase by Pseudomonas sp.

Course of fermentation of Pseudomonas sp. for the production of collagenase
Earlier optimum incubation time for the collagenase production by different strains was reported 24 h, 26 h, 50 h,
108 h, and 5 days [11, 21, 22, 25, 26]. The course of cultivation of Pseudomonas sp. without pH control was carried
out in the medium (pH 6.5), containing (%, w/v) glucose
2.0, yeast extract 0.15, tryptone 1.0, CaC12 0.005,
NaH2PO4·2H2O 0.05 and K2HPO4·3H2O 0.25. In the initial
phase of fermentation, the active cell growth was continued upto 24 h of cultivation and then decline slightly. Upto
34 h of growth, the pH of the fermentation broth increased
with very slow pace. The maximum collagenase activity
(0.273 U/ml) was observed after 24 h production (Fig. 8).
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The optimum incubation time for collagenase production
by Pseudomonas sp. was observed as 24 h.

Figure 8. Course of fermentation of Pseudomonas sp.

Optimization of agitation rate for the growth and production of collagenase from Pseudomonas sp.
An experiment was conducted to determine the optimum
agitation rate for the production of Pseudomonas sp. with
high collagenase activity. The production medium (pH
6.5) was inoculated with 21 h old inoculum (4%, v/v) and
incubated at 37°C in a temperature controlled orbital shaker at varying rotational speed of 50 to 200 rpm for 24 h. It
has been observed that with increase in agitation rate up to
150 rpm, the growth of Pseudomonas sp. increased continuously (Fig. 9).

anchor signaling molecules to the collagen containing tissues, presenting a great potential for targeting drug delivery of anti-arthritc and anti cancer reagents [38]. The use
of recombinant collagenase preparations also needs to be
explored for the development of effective treatment strategies [39]. The use of standard chemotherapeutics together
with newer compounds with novel modes of action has
emerged as a treatment modality. The developments of
therapies are the need of time that abandons the traditional
treatments in favour of a more gene specific approach.
Further by understanding the roles of collagenase in tumor
invasion, researchers may develop drugs that could be effective at various stages of tumor growth and progression.
Once the knowledge of molecular mechanisms regulating
the expression of the MMPs will completely unfold, this
concept might come closer to become a reality [37].
This study was carried out with a Gram-negative bacteria
strain identified as Pseudomonas sp., producing extracellular collagenase to find out the possibilities offered by this
microorganism in the development of a pharmaceutical
preparation. The various physicochemical parameters were
optimized to maximize the production of collagenase by
the Pseudomonas sp. Protein waste discharged soil helps
to produce the extracellular collagenase enzyme with
broad substrate specificities and multiple applications of
commercial interest.
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suggest that cells of Pseudomonas sp. was not shear sensitive up to some extent, but the considerable increase in the
agitation speed might generate enough shears, which adversely affect the collagenase production. The agitation
rate 150/175/180 /250 rpm was also used earlier and found
suitable for the production of extracellular collagenase [22,
29, 33, 35, 36]
Conclusion
Collagenases have assumed increasing importance every
day, having been implicated in angiogenesis, wound
repair, inflammation, ageing etc. apart from the various
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