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Abstract:
This study focuses on the purification of collagenase  EC.3.4.24, which was pro-

duced using the bacteria Enterobacter cloacae isolated from the local environment, 
utilizing chicken foot meal as a source of carbon and energy. The enzyme was par-
tially purified through precipitation using ammonium sulfate at 70% saturation, fol-
lowed by a dialysis process. The purification continued using a DEAE-Cellulose ion 
exchange column, and finally, gel filtration was performed through a Sephadex G-100 
column. The purification steps resulted in a specific activity of 54.63 units/mg, with a 
purification factor of 3.325 times and an enzyme yield of 4.830%. Additionally,  opti-
mal conditions for enzyme activity, including  pH,  temperature,  time for its activity, 
and enzyme concentration  were studied.  The results showed that the ideal pH for 
collagenase activity is 8.0, while the optimal temperature for its activity is 40 degrees 
Celsius, and the ideal time for its activity is 60 minutes. Additionally, the optimal con-
centration of the substrate (collagen) was 1.5%.
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 Enterobacter cloacae تنقية وتوصيف الكولاجينيز المنتج من بكتريا
وبأستعمال مخلفات بيئية

ايــوب ســالم نصيــف          ،     ظافــر فخــري الــراوي
قســم علــوم الحيــاة، كليــة التربيــة للعلــوم الصرفة، جامعــة الأنبار، الأنبار، العراق

مستخلص:

Enterobacter clo�  المنتــج باســتخدام بكتريــا .EC.3.4 24  تضمن�ـت ه�ـذه الدراس�ـة تنقي�ـة أنزي�ـم الكولاجيني�ـز
acae والمعزولــة مــن البيئــة المحليــة والتــي تســتهلك مســحوق أرجــل الدجــاج  كمصــدر للكاربــون والطاقــة. تمــت 
التنقيــة الجزئيــة للانزيــم بخطــوات اشــتملت عــى الترســيب باســتخدام أملاح كبريتــات الأمونيوم نســبة تشــبع 70%، 
ثــم تبعتهــا عمليــة الديلــزة ، ثــم اســتمرت عمليــة التنقيــة باســتعمال المبــادل الأيــوني DEAE-Cellulose ، واخــراً كان 
الترشــيح الهلامــي باســتعمال عمــود Sephadex G-100 . كانــت حصيلــة خطــوات التنقيــة هــي الحصــول عــى  فعاليــة 
نوعيــة بلغــت 54.63 وحدة/ملغــم وبعــدد مــرات تنقيــة كانــت 3.325 مــرة وبحصيلــة انزيميــة بلغــت 4.830 %. 
تــم توصيــف الانزيــم المنقــى جزئيــا لتحديــد الظــروف المثــى لفعاليتــه ، اذ اظهــرت النتائــج ان الرقــم الهيدروجينــي 
الامثــل لفعاليــة الانزيــم هــو 8.0 ودرجــة الحــرارة المثــى لفعاليتــه 40 مْ ، بينــا بلــغ الزمــن الامثــل لفعاليتــه 60 دقيقــة 

في حــن كان التركيــز الامثــل للــادة الاســاس )الكولاجــن( 1,5 % .
.Enterobacter cloacae ، الكلمات المفتاحية : الكولاجينيز ، المخلفات البيئية
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Introduction  
Collagenase EC.3.4.24 belongs to 

the metalloprotease group, along with 
many other proteolytic enzymes. Col-
lagenase is a specialized enzyme that 
acts on the substrate collagen (Wu et 
al., 2023). Collagenase was first dis-
covered in 1949 by Mandl, after being 
isolated from the mammalian pancreas 
(Luchian et al., 2022).

Collagenase is an important enzyme 
that plays a crucial role in breaking 
down collagen, the main protein in 
connective tissues of living organisms. 
This enzyme is considered highly sig-
nificant in the fields of medicine, indus-
try, and scientific research, as it is used 
in wound treatment, scar tissue remov-
al, and promoting skin healing. It is 
also utilized in the pharmaceutical and 
cosmetic industries due to its role in 
enhancing tissue regeneration and scar 
treatment. Additionally, collagenase is 
used in several industrial applications, 
such as gelatin production and leather 
processing, highlighting its importance 
across various sectors (Herman et al., 
2020).

The collagenase family, a class of 

enzymes specifically responsible for 
collagen degradation, has received 
widespread attention due to its import-
ant roles in tissue repair, remodeling, 
and medical fields (Wang et al., 2024). 
Collagen is the major fibrous compo-
nent of animal extracellular connective 
tissue and is found in skin, bones, ten-
dons, teeth, and blood vessels (Alam et 
al., 2022).

Collagenases can be classified into 
two groups of applications: the first 
group includes those used directly in 
clinical therapy and as experimen-
tal reagents in laboratory work, while 
the second group consists of those in 
which the reaction products are used as 
active agents in disease treatment (Os-
lan et al., 2022).

This study aimed to purify and char-
acterise the collagenase enzyme pro-
duced by Enterobacter cloacae using 
chicken foot meal as a source of car-
bon and energy, and evaluate enzyme 
activity in terms of specific activity 
and recovery rate.

Materials and Methods
Thirty different samples were col-

lected from soil, poultry, and sheep 
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waste. A series of decimal dilutions 
were then performed and the isolates 
were cast onto solid gelatin medium. 
Primary screening was performed on 
the same medium using a schematic 
method, selecting 17 well-grown sam-
ples on solid gelatin medium. These 
isolates  were then re-cultivated on the 
same medium by making a circle in 
the center of the plate (Wollum, 1982). 
Six isolates were collected. Secondary 
screening was performed on pure col-
lagen medium, and by measuring col-
ony diameters, the two most efficient 
isolates were selected. These isolates 
were then screened onto three environ-
mental wastes (chicken feet, bedbug 
skin, and fish skin). The bacteria were 
identified using culture and biochem-
ical tests, and the diagnosis was con-

firmed using a Vitek2 device. The bac-
teria were found to belong to the genus 
Enterobacter cloacae. Then the bacte-
ria were cultured on the liquid medium 
of the waste.

  Estimation of enzyme Concentration
The method described by (Lowry et 

al.,1951) was used to estimate protein. 
The required concentration was pre-
pared from the original concentration 
of bovine serum albumin (100 µg/ml), 
then 4 ml of sodium potassium tartrate 
solution and Na2CO3 solution were 
added to each tube and left for 10 min-
utes. 400 µl of folin reagent was added 
to each tube, shaken well, and left for 
30 minutes. The absorbance value was 
read at a wavelength of 600 nm.

Figure 1: Standard curve for estimating protein concentration
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Estimation of collagenase enzyme 
activity 

Enzyme activity was estimated ac-
cording to the method of (Moore and 
Stain, 1954).

Method
1. After centrifugation at 4,000 rpm 

for 10 minutes, 150 microliters of cul-
ture filtrate were added to tubes con-
taining 750 microliters of matrix solu-
tion, which was prepared by mixing 0.5 
g of pure collagen powder with 100 ml 
of 50 mM Tris-HCl buffer at pH 7.5.

2. The tubes were incubated at 37°C 
for 10 minutes.

3. 900 microliters of 0.2 M TCA 
solution were added to the tubes to stop 
the reaction.

4- The tubes were incubated for 10 
minutes at 37°C.

5- The blank solution was prepared 
in the same manner as above, except 
that the culture filtrate was not added. 
Centrifugation was then performed at 
4000 rpm for 10 minutes.

6- 1 ml of the filtrate with the above 
solutions was added to 1 ml of Fo-
lin-Ciocalteau reagent and incubated 
for 10 minutes at 37°C.

7- The absorbance of the filtrate 

with the reagent was measured at a 
wavelength of 578 nm using a spectro-
photometer.

Analytical activity is defined as: 
the amount of enzyme that causes an 
increase in absorbance of 0.01 at a 
wavelength of 578 nm under experi-
mental conditions.

Enzyme purification
Purification with Ammonium Sul-

fate  
The enzyme was precipitated by 

gradually adding ammonium sulfate 
to the crude enzyme extract, stirring 
continuously on a magnetic stirrer un-
til dissolution at 4°C for 2 hours, un-
til saturation (20-80%) was reached. 
Centrifugation was then performed at 
15,000 rpm for 20 minutes, and the 
enzyme’s analytical activity was deter-
mined for each precipitation stage. The 
precipitate was then collected and dis-
solved in a small volume of 0.05 M so-
dium phosphate buffer solution at pH 
6.5. Dialysis was performed against dis-
tilled water using membrane osmosis 
bags at 4°C for 24 hours, with water 
replaced every 6 hours. The resulting 
solution volume, enzyme activity, and 
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protein concentration were then deter-
mined.

Ion Exchange Chromatography
A - Column Preparation and Ex-

changer Activation  
DEAE Cellulose was prepared ac-

cording to Whitaker (2018). Twenty 
grams of DEAE Cellulose were sus-
pended in 500 ml of distilled water 
and left to stand for 24 hours at room 
temperature. The material was then 
washed several times with distilled 
water until ready for use. It was placed 
in a filter funnel lined with Whatman 
No. 1 filter paper. The water column 
was slowly raised until the material 
was submerged in water to remove air. 
Then, it was loaded into a chromatog-
raphy column (80 x 2.5) and covered 
with a layer of distilled water. Next, 
the DEAE Cellulose was washed with 
a 0.05 M Tris-HCl solution at pH 8 un-
til the filtrate became clear. After that, 
the air removal process (degassing) 
was carried out to avoid the formation 
of bubbles inside the column. The col-
umn was balanced with three times its 
volume of the equilibrium solution (20 
mM potassium phosphate buffer solu-

tion at pH 7.0) at a flow rate of 30 ml/
hour.

B- Method  
After dialysis, the enzyme was care-

fully placed on a 2.5 x 15 cm ion-ex-
change chromatography (DEAE-Cel-
lulose) column, pre-equilibrated with 
20 mM potassium phosphate buffer at 
pH 7.0 using a syringe. The separated 
fractions were then collected into ap-
propriate tubes at a flow rate of 1 mL/
min, 5 mL per tube, at 25°C. A washing 
step was then performed using 20 mM 
potassium phosphate buffer at pH 7.0, 
while the extraction was performed us-
ing gradually varying concentrations 
of sodium chloride (0-1 M). The absor-
bance of each fraction was then mea-
sured at a wavelength of 280 nm using 
a spectrophotometer. The enzyme ac-
tivity and protein concentration in each 
fraction were also determined.

Gel Filtration Chromatography
A -Gel Preparation  
The gel was prepared by suspend-

ing 20 grams of Sephadex G100 in 500 
ml of distilled water according to the 
manufacturer’s instructions. The mix-
ture was then gently stirred and heated 
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at 90°C for 5 hours to allow the gran-
ules to swell and absorb. The mixture 
was then allowed to cool, and 0.2% 
sodium azide was added to prevent mi-
crobial growth. Air was removed by 
degassing, and the 80 x 2.5 cm column 
was immediately filled and left to stand 
for approximately 7 hours to stabilize. 
The column was then equilibrated us-
ing a buffer solution (0.05 M sodium 
phosphate, pH 6.5), equivalent to three 
times the volume of the gel in the col-
umn. The flow rate was then regulated 
at 30 ml/hour.

B- Method 
The enzyme extracted from the pre-

vious purification steps was passed 
over the inner sides of the column near 
the surface of the gel. Subsequently, a 
recovery process was conducted using 
a sodium phosphate solution. The re-
sulting fractions from the column were 
collected in test tubes at a rate of 3 ml 
per tube, with a flow rate of 30 ml/
hour. The absorbance of each fraction 
was then measured at a wavelength of 
280 nanometers. Enzyme activity was 
measured in the separated peaks after 
plotting the relationship between the 
number of separated fractions and their 

absorbance at 280 nanometers. The 
fractions containing the enzyme were 
collected, and the activity and protein 
concentration were estimated.

Characterization of the Collage-
nase Enzyme

Determination of the Optimal pH 
for Collagenase Activity

The substrate (collagen) was pre-
pared at a concentration of 0.5 g/100 ml 
using a 0.5 M Tris-HCL solution. The 
pHs were adjusted to (4,5,6,7,8,9,10). 
Then, 150 microliters of partially puri-
fied enzyme were added to 750 micro-
liters of the substrate at a concentration 
of 0.5 g/100 ml of a 0.5 M Tris-HCL 
solution. The solution was incubated 
for half an hour, after which the en-
zyme activity was determined at all the 
aforementioned pH values.

Determining the optimum tem-
perature for collagenase activity

The activity of partially purified col-
lagenase was determined after incuba-
tion at 20°C, 30°C, 40°C, and 50°C for 
30 minutes. This was achieved by add-
ing 150 microliters of partially purified 
enzyme to 750 microliters of 0.5 g/100 
ml of 0.5 M Tris-HCL at the optimum 
pH. The enzyme activity of each was 
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determined.
Determining the optimal time for 

collagenase activity
The activity of the partially purified 

enzyme was determined by adding 150 
microliters of enzyme to 750 microli-
ters of 0.5 g/100 ml of 0.5 M Tris-HCl 
substrate at the optimal pH and tem-
perature, and for various incubation 
periods of 5, 10, 20, 30, 60, 90, and 
120 minutes to determine the optimal 
time for enzyme activity.

Estimating the Optimal Enzyme 
Concentration

Various concentrations of collagen 
were prepared (0.5, 1, 1.5, 2, 2.5, and 
3%) using 0.5 M Tris-HCl solution at 
the optimal pH, temperature, and re-
action time. Then, 150 microliters of 
partially purified enzyme were added 
to 750 microliters of the substrate at 
the above concentrations. The enzyme 
activity was estimated for each of the 
above concentrations.

Results and Discussion
Enzyme Purification
Successive steps were followed to 

purify the enzyme to achieve the opti-
mal purification level and remove the 

largest possible amount of protein and 
impurities present in the enzyme ex-
tract, thus achieving high enzyme pu-
rity.

Enzyme purification using ammo-
nium sulfate 

The enzyme precipitation process 
with ammonium sulfate showed that 
the best saturation rate was 70%, with 
a specific activity of 21.499 units/mg 
and an enzyme yield of 12.849%, with 
a purification rate of 1.308 times, as 
shown in Table 1. The high activity in 
this step is attributed to the role of am-
monium sulfate salts in the activity of 
collagenase enzyme, as a result of re-
ducing the size of the enzyme model 
and eliminating impurities. Liu and his 
collogues (2010) obtained the best en-
zyme yield of 66.5%, a specific activity 
of 441 units/mg, and a purification rate 
of 3.7 times, when using a saturation 
rate of 75% ammonium sulfate.

Dialysis  
To remove ammonium sulfate salts, 

dialysis bag purification was em-
ployed. The results of this step indicat-
ed an increase in the specific activity of 
the enzyme, reaching 35.256 units/mg, 
compared to the specific activity after 
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the ammonium sulfate precipitation 
step (21.499 units/mg). The purifica-
tion factor was 2.146, and the enzyme 
yield was 8.276%, as shown in Table 
1. This increase was attributed to the 
role of the dialysis process in concen-
trating the enzyme after the removal 
of salts resulting from the ammonium 
sulfate precipitation process, as well 
as the removal of some proteins pres-
ent in the solution. These results are 
consistent with those reported by Na-
gano and To (2000), which showed an 
increase in the specific activity of the 
enzyme produced by Bacillus Subtilis 
FS-2 bacteria after using dialysis bags. 
The specific activity of the enzyme in-
creased from 26.91 units/mg to 105.98 
units/mg.

Ion Exchange Chromatogram  
The results shown in Figure 2 indi-

cate the appearance of protein peaks 
in the fractions recovered from the ion 
exchanger. However, the enzyme activ-
ity was concentrated in only one peak 
in fractions (34-40). This is because 
during the recovery step, as the enzyme 
passes through, its negative charges 
are bound to the positive charges of the 
column material, while proteins with a 

charge opposite to that of the enzyme 
pass through the column. The enzyme 
was recovered by adding a recovery 
buffer containing a salt gradient of 
(0.15-1) M sodium chloride. This step 
demonstrated an increase in the spe-
cific activity of the enzyme, reaching 
54,860 units/mg protein. The number 
of purifications was 3,339, and the en-
zyme yield was 7.963%, as shown in 
Table (1). Setyahadi and Meinhardt 
(2012) were able to purify collagenase 
from Bacillus licheniformis F 11.4 us-
ing the DEAE-Cellulose ion exchang-
er, with an enzyme yield of 2.6% and a 
purification rate of 26.3 times.
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Gel Filtration Chromatography 
of Collagenase

The results shown in Figure 3 indi-
cate an increase in enzyme purity when 
using the gel filtration column. Pro-
tein peaks were observed, and the en-
zyme activities were concentrated in a 
single peak within fractions (6-14). At 
this stage of the purification steps, the 

specific activity reached 54.63 units/
mg of protein, with a purification fac-
tor of 3.325 times and an enzyme yield 
of 4.830%, as detailed in Table (1). Liu 
and his collogues (2010) used gel fil-
tration techniques to purify collagenase 
from Bacillus cereus LMB13, achiev-
ing a specific activity of 2443 units/mg, 
with a purification factor of 20.4 times.

Figure 2: Ion exchange chromatography for purification of collagenase produced 
from Enterobacter cloacae using the DEAE-Cellulose ion exchanger.

Figure 3: Gel filtration chromatography for purification of collagenase enzyme
 produced from Enterobacter cloacae using Sephadex G-100
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Characterization of Collagenase 
Enzyme

Determining the Optimal pH for 
Enzyme Activity

Figure 4 shows the optimal pH for 
collagenase activity. The results showed 
that the optimal pH was 8.0, with the 
optimal activity reaching 6.100 units/
ml, while the lowest activity was 1.334 
units/ml at pH 4. This may be due to 
the reaction medium, the binding of 

the reactant to the enzyme, and the 
ionic state of the amino acids involved 
in enzyme catalysis (Chesworth et al., 
2012). The reason for the decreased ac-
tivity at highly acidic and basic pHs is 
the ionic groups present in the active 
site of the enzyme, the substrate, or 
both, due to a change in the ionic state 
of these groups, which affects the en-
zyme’s ability to bind to the substrate 
(Segel, 1991).

 Table 1: Purification of collagenase enzyme produced from
Enterobacter cloacae bacterial isolate

 Purification
steps

Size
ml

 Activity
unit/ml

 Protein
concentration

ml/mg

 Specific
 activity
mg/unit

 Total
 Effectiveness

Unit

 Number of
purifications

 Enzyme
% yield

Raw 500 108.57 6.609 16.427 54285 1 100

 Ammonium
 sulfate

precipitation
40 174.38 8.111 21.499 6975.2 1.308 12.849

Dialysis 35 128.37 3.641 35.256 4492.95 2.146 8.276

ion exchanger
DEAE Cellules 25 172.92 3.152 54.860 4323 3.339 7.963

gel filtration
Sephadex G100 20 131.12 2.4 54.63 2622.4 3.325 4.830

Figure 4: Effect of pH on the activity of partially purified 
collagenase enzyme.
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Determining the optimum tem-
perature for collagenase enzyme ac-
tivity  

Figure 5 shows the effect of tem-
perature on the activity of partially pu-
rified collagenase enzyme at pH 8.0. It 
shows a clear increase in enzyme ac-
tivity at 40°C, reaching 7.251 units/ml, 
then decreasing at 50°C to 4.637 units/
ml. This may be due to the fact that the 
rate of the enzyme reaction increases 
with increasing temperature, but with-
in a certain range due to the increase 

in the kinetic energy of the molecules. 
However, temperatures that exceed 
certain limits lead to denaturation of 
the enzyme and reduce its activity (Se-
gel, 1991). This result is consistent with 
(Nagano and To, 2000), who found that 
the optimum temperature for the activ-
ity of collagenase enzyme from Bacil�
lus Subtilis FS-2 is 40°C. Meanwhile, 
(Zhu et al., 2022) found that the opti-
mum temperature for the activity of the 
enzyme isolated from Bacillus Subtilis 
bacteria was 50°C.

Figure 5: Effect of temperature on the activity of partially purified collagenase enzyme

Determining the optimal time for 
collagenase enzyme activity  

The reaction time of the partial-
ly purified collagenase enzyme was 
studied at 40°C and pH 8.0 for periods 
ranging from 5 to 120 minutes. Figure 
6 shows that the highest enzyme activ-

ity occurred after a 60-minute incuba-
tion period, reaching 8.545 units/ml. 
The enzyme activity then began to de-
cline, reaching its lowest level after a 
120-minute incubation period, at 6.384 
units/ml. The reason for the increased 
enzyme activity after a 60-minute in-
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cubation period is that all active sites 
of the enzyme were occupied by the 
substrate molecules, which led to in-
creased activity. This result is consis-
tent with (Lima et al., 2015), who 
found that the optimal time for the ac-

tivity of collagenase isolated from Ba�
cillus sp. was 60 minutes. Meanwhile, 
Tran and Nagano (2000) showed that 
the optimal time for the activity of col-
lagenase isolated from Bacillus Subti�
lis CN2 was 8 hours.

 Figure 6: Effect of reaction time on the activity of partially purified
collagenase enzyme.

Determining the effect of the opti-
mum concentration of the reactant on 
the activity of collagenase enzyme

The effect of the substrate concen-
tration (collagen) for the enzyme re-
action solution was studied at 40°C, 
pH 8.0, and an incubation period of 60 
minutes. Figure 7 shows that the en-
zyme activity increased with increas-
ing substrate concentration. The max-
imum enzyme activity reached 9.892 

units/ml at a 1.5% substrate concentra-
tion, after which the activity decreased 
to 2.893 units/ml at a 3% substrate 
concentration. The decrease in activi-
ty may be due to saturation of the en-
zyme’s active sites with the substrate 
and the occupancy of all active sites, 
or inhibition by the substrate due to the 
substrate binding to inactive sites of 
the enzyme, which reduces its activity 
(Rodrigues et al., 2013).
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Conclusions
Enterobacter cloacae demonstrated 

its ability to produce collagenase using 
organic waste. The enzyme was effi-
ciently purified, with a specific activity 
of 54.63 units/mg, with a recovery rate 
of 4.83%. The optimal conditions for 
enzyme activity were: 40°C, pH 8.0, 
incubation time of 60 minutes, and a 
collagen concentration of 1.5%.
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