Iraqi Journal of Biotechnology, 2025, Vol. 24, Special Issue 2, 296-308

Extraction and Purification of Anticancer Enzyme:
Protease from Pseudomonas aeruginosa

'Aseel Muthafer Obady, *Hala Abdulkareem Rasheed

1,2 Department of Biotechnology, College of science, University of Baghdad, Baghdad, Iraq
Received: February 20, 2025 / Accepted: May 21, 2025 / Published: November 16, 2025

Abstract : This study investigated the anticancer and wound-healing potential of protease enzymes
derived from Pseudomonas aeruginosa against cancer and normal cell lines. Out of 110 bacterial isolates
obtained from clinical samples like urine, burns, and wounds, 67 were identified as Pseudomonas
aeruginosa using biochemical tests and the VITEK-2 Compact system. Qualitative and quantitative
screening revealed that 56 isolates produced protease. Notably, clinical isolate 9A from burn and wound
samples demonstrated high protease activity, with specific activities of 280U/mg, indicating potential
cytotoxic and wound healing properties. Optimal conditions for protease production were found to be at
37°C and pH 8 in Trypticase soy broth. The extracted enzymes underwent purification via gel filtration
using Sephadex G-150 chromatography, resulting in significant purification folds for the protease.
Cytotoxicity assays using MTT revealed that the protease showed increased cell viability, indicating
possible growth-promoting effects. However, excessive protease activity led to cytotoxicity in normal cell
lines, highlighting the need for controlled enzyme activity. Moreover, in vitro scratch tests demonstrated
that protease showed a further pronounced decrease in wound area, revealing its potential role in
processes of wound-healing.
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Introduction

Pseudomonas aeruginosa, a challenges of treating mesothelioma
ubiquitous Gram-negative bacterium, effectively (3).
exhibits remarkable adaptability, Considering the rapidly escalating

thriving in diverse environments
ranging from soil and water to various
living organisms (1)(2). Pseudomonas
aeruginosa has become an increasing
threat to immunocompromised patients
and, in most circumstances, within
health care settings. Despite being
perceived as harmless, it is a formidable
opportunistic pathogen because it has
sophisticated virulent factors, including
enzymes, and shows intrinsic resistance
mechanisms, which increases the

rate of cancer cases worldwide, it comes
as no surprise that the detection and
treatment of the disease have become a
critical priority for researchers and
scientists worldwide (4)(5). Microbial-
derived enzymes are prime contenders
for the development of new treatment
methods due to their target specificity
(6)(7). Among these, Pseudomonas
aeruginosa enzymes, such as proteases,
exhibit specific breast cancer cell
targeting.
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Various protease types are an
important set of enzymes that facilitate
distinct processes in human diseases,
including cancer cell metastasis and
tumor progression (8). They destroy the
structural portion of cells, which
inhibits cancerous cell activity. They
also interfere with cell signaling
pathways and attempt to control or
minimize cell migration and growth
(9)A0)(A1)(12).

There has been an upsurge in interest
in using enzymes as potential anticancer
agents lately. However, to use them as
therapeutic agents, effective extraction
and purification methods are required.
Several techniques, including
chromatography,  ultrafiltration, or
precipitation, have been designed to
recover and purify enzymes from
microbial sources while maintaining
their structural stability, biological
activity, and specificity (13(14). Besides
their anticancer activity, the
Pseudomonas  aeruginosa  enzymes,
proteases, for example, also help in the
healing of wounds. This enzyme
degrades extracellular matrix
components that impede cell migration,
and thus, these enzymes can help
regulate the host’s immune response,
aid tissue remodeling, and enable
wounds to heal more rapidly (15)(16).

This study leverages a new potential
treatment for cancer and wound healing
by utilizing P. aeruginosa enzymes for
therapeutic intervention. This
opportunistic pathogen possesses a
variety of virulence factors, including
protease, that play important roles in
pathogenicity, making treatment a
challenging problem. From 2000 to
2019, 72,022 cases of breast cancer
were diagnosed among women in Iraq.
The age-standardized incidence rate
(ASIR) was 37.883 per 100,000
women. A significant increase in breast
cancer cases was observed during this

period, with an average annual
percentage increase of 3.192%. This
upward trend was consistent across
various age groups, with notable
increases in women aged 40-49, 50-59,
60-69, and 70 and older. Compared to
global rates, Iraq's breast cancer ASIR
falls within a moderate range (17(18)).
Breast cancer is a major global health
concern, with a significant impact on
women's health and mortality. Current
treatment options, such as
chemotherapy and radiotherapy, often
have severe side effects and can lead to
the development of drug resistance.
Therefore, there is an urgent need to
develop novel and targeted therapies
with improved efficacy and reduced
toxicity. P. aeruginosa harbors several
proteases  with  great anti-tumor
potential in breast cancer. These include
inhibition of tumor cell proliferation
and migration via disruption of growth-
promoting signaling pathways.

In addition, several proteases could
trigger cancer cell apoptosis and thus
promote their destruction.

Further research is beyond their
anticancer  activity. P.  aeruginosa
protease  possesses  wound-healing
activity. The enzyme could adjust the
host immune response, encourage tissue
remodeling, and enable wound closure
by destroying extracellular matrix
components and  promoting cell
migration (15).

This study aims to investigate the
therapeutic potential of P. aeruginosa-
derived proteases in cancer treatment
and wound healing.

Materials and Methods
Collection of samples

Samples (110) were collected
between October 2022 and January
2023. Samples were collected from
clinical sources (urine, wounds, and
burns) from different hospitals (AL
Yarmouk Teaching Hospital, AL Karma
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Hospital, Teaching Hospital of Baghdad
Medical City, and their laboratories).
All  samples were collected from
females, and males' ages were between
(5-50). The samples were gathered
using transport media and then placed
in a cool ice box before being taken to
the laboratory. The samples were
cultured for 24 hr. at 37°C in the
nutrient broth.
Bacterial identification

All isolates were classified based on
their form and biochemical reaction
promoted by (19). The bacteria have
been examined after their
morphological properties defined by
Cetrimide agar rising (Selective media
for P aeruginosa) improving
Pseudomonas development such
pigments as pyocyanin and pyoverdine.
(19).
Qualitative screening for protease
production

For qualitative screening,
pseudomonas aeruginosa was examined
for protease production. Pseudomonas
aeruginosa 1isolates were streaked on
skim milk agar as suggested by (20),
finding whether bacteria might generate
the alkaline protease enzyme. It was
carried out by centering aseptically
loopful of culture in the middle of the
plate and then circularly distributed to
cover an area about (5 to 18mm in
diameter) then incubate the plate
inverted at 37°C for 24 to 48 hours.
Clearing the zone of proteolysis, the
cloudiness of the agar, shows success.
Quantitative screening of local
protease-producing isolates
Growth conditions for enzymes

The growth of pseudomonas
aeruginosa was estimated as OD. per
unit time. 1 mL of culture was taken to
prepare an appropriate dilution with
normal saline using a reader at 620nm,
and the inoculum was prepared with an
initial absorbance 0.5. Then, after 50

mL of the culture was prepared in 250
mL flask and inoculated with a prepared
inoculum. The cultures grew at 37°C for
24 hr. in a shaker incubator at 150 rpm.
(21).
Enzymes production

The efficiency of the selected
isolates in producing protease was
tested; these isolates were grown

in soya broth as detailed by (22).
This medium weighed 46.7 g, melted in
two 1000 mL Erlenmeyer flasks. After
autoclaving, sterilized. Each fresh
(24hr) isolated fresh (1 ml) was seeded
into each flask, then cultured in a shaker
incubator (150 rpm. 37°C for 24 hr).
Using casein as a substrate working
solution at pH 8, the synthesis of
alkaline protease was ascertained; thus,
the protease activity and protein
concentration for the isolates will be
discussed.
Determination of Protease Enzyme
Activity

The activity of alkaline protease
enzymes was determined using a
method initially described by (23) and
later modified by (24). In this
procedure, 0.8 ml of 0.5% casein
solution (pH 8) was preincubated at
37°C for 10 minutes in a water bath.
Subsequently, 0.2 ml of crude enzyme
was added to the substrate solution and
incubated for 20 minutes. The reaction
was terminated by adding 3 ml of 5%
TCA, with a blank prepared identically
except TCA was added before the
enzyme. The solutions were then
centrifuged at 5000 rpm for 15 minutes
using a cooling centrifuge. The optical
absorbance of the supernatants was
measured at 280 nm using a UV
spectrophotometer, and  enzymatic
activity was calculated based on protein
hydrolysis into peptides and amino
acids. Enzymatic activity (units/ml) was
determined  using the  formula:
(Absorbance at 280 nm) / (0.01 x 20 x
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0.2), where 0.01 represents the enzyme
unit definition, 20 is the reaction time in
minutes, and 0.2 is the volume of
enzyme added. The unit of enzyme
activity was defined as the amount of
enzyme required to increase absorbance
by 0.01 per minute under standard
conditions. Specific activity (U/mg) was
calculated by Activity(U/ml)/ Protein
conc. (mg/ml).
Optimization of Protease Enzyme
Production Conditions

To determine the optimal production
conditions for protease, Pseudomonas
aeruginosa isolate 9A were selected out
of 15 isolates. 9A was cultivated in
trypticase soy broth medium (25) for
protease production. The media studied
under various pH, temperature, and
ventilation to find the most favorable
parameters for successful production of
the enzyme.
Effect of pH

To  determine  the optimum pH,
production medium for protease
was cultured. The media consisted of
pH 6, 7, and 8. Flasks containing the
local isolate were inoculated in the
media and incubated in the same
conditions.  Following  incubation,
enzyme activity and protein
concentration were measured to
evaluate the effect of pH on production.
Effect of temperature

To determine the optimal
temperature for protease production
from the local isolate, inoculated flasks
containing the production medium
(optimized in prior experiments) were
incubated at different temperatures (35,
37, and 40°C) for 18 hours at 150 rpm.
After incubation, enzyme activity and
protein concentration were measured to
assess the impact of temperature on
production efficiency.

Extraction and Concentration of
Crude Protease Enzymes Using
Sucrose

Protease was extracted from the
selected local isolate after cultivation
under optimal production conditions.
Cells were separated by centrifugation
at 6000 rpm for 20 minutes, and the
filtrate was prepared as a crude extract
for purification. For enzyme
concentration, 500 ml of the production
medium was used, and extracellular
enzymes were extracted by
centrifugation at 8000 rpm for 15
minutes. The supernatants for protease
were concentrated using sucrose in
dialysis bags, reducing volumes to 36
ml. Enzyme activity and protein
concentration were measured according
to (26) and the concentrated enzyme
was used as crude extracts for further
purification.
Enzyme purification by Sephadex G-
150

Sephadex G-150 was prepared by
suspending 20g in 500ml of distilled
water at 90°C for 3 hours with gentle
agitation to allow gel bead swelling,
followed by overnight storage at 4°C.
The resin was washed twice with 0.2M
potassium hydrogen phosphate buffer
(pH 8.0), resuspended in the same
buffer, degassed using a vacuum pump,
and packed into a glass column (22.6 x
1.7 cm). The column was equilibrated
with the buffer before use. For enzyme
separation, concentrated protease (Sml)
was separately purified by passing
through the Sephadex G-150 column.
Elution was performed using 0.2M
potassium hydrogen phosphate buffer at
a flow rate of 20 mL/hr., collecting 3ml
fractions. Absorbance at 280 nm was
measured for each fraction until it
reached zero. Fractions with protease
activity were pooled, and enzyme
activity and protein concentration were
measured. Post-purification, the resin
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was stored at 4°C in 0.2M potassium
hydrogen phosphate buffer with 0.1%
sodium azide.
Protein concentration measurement

Protein concentration was
determined using the Bradford method.
The cytotoxic effect of purified
enzymes

This in vitro method was used to
analyze the cytotoxic effect of protease.
The purified protease was prepared in
different  concentrations, and  its
cytotoxic effect was tested on tumor
(MCF7) and normal cell lines (HFF).
Maintenance of cell lines

The maintenance of cell lines (27)
involved conducting experiments when
cells formed confluent monolayers in a
vessel. The growth medium (complete
RPMI medium with 10% FBS) was
aspirated, and the cells were washed
with PBS. The monolayer was treated
with 2-3 ml of trypsin/versine solution,
gently rocked to detach the cells, and
incubated at 37°C for 1-2 minutes until
the cells detached. Fresh complete
RPMI medium (15-20 mL) was added,
and the cells were dispersed by
pipetting. The cells were then
redistributed into culture vessels (plates
or flasks) at the required concentration
and incubated at 37°C in a 5% CO2
incubator. Cell concentration was
determined using a hemocytometer, and
live cell concentration (cells/mL) was
calculated using the formula: (viable
cells / number of squares) % dilution
factor x 10%.
Cytotoxic effect of purified enzymes

The cytotoxic effect of purified
enzymes  from P, aeruginosa was
evaluated using the MTT assay (3-(4,5-
dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) with a
ready-to-use kit containing MTT
solution and solubilization solution.
MCF7 and HFF cells (1x10*-1x10°
cells/mL) were seeded in 96-well plates
with 200uL of culture medium per well,

covered with parafilm, and incubated at
37°C with 5% CO: for 24 hours. After
incubation, the medium was replaced
with serial dilutions (2.5, 5, 7.5, 10
mg/mL) of the enzymes, with triplicates
for each concentration and controls
(serum-free medium). Plates were
incubated for another 24 hours,
followed by the addition of 10uL MTT
solution to each well and further
incubation for 4 hours. The medium
was then removed, and 100uL
solubilization solution was added to
each well for 5 minutes. Absorbance
was measured at 575 nm using an
ELISA plate reader, and optical density
data were analyzed to determine the
concentration causing 50% reduction in
cell viability (ICso) for each cell line.
Wound healing (Scratch Assay)

The wound healing (scratch assay)
was performed following the method
described by (28). HFF cells were
seeded in 24-well plates at a density of
2 x 10° cells/mL and incubated for 24
hours at 37°C with 5% CO: until a
confluent monolayer formed. A scratch
was created in the monolayer using a
sterile pipette tip, and cellular debris
was removed by washing with fresh
RPMI medium (without FBS). The cells
were then treated with 5 mg/mL of
protease, while untreated cells served as
the control. Bright-field microscopy
(Axio Observer 5, Zeiss, Germany) was
used to capture images at 0, 12, 24, and
48 hr. post-treatment.  Untreated
scratched cells were used as the
negative control, and all treatments and
controls were maintained under the
same conditions.

Results and Discussion

Sample Collection, Isolation, and
Identification of Pseudomonas
aeruginosa

From October 2022 to January 2023,
110 clinical samples (urine, wounds,
burns) were collected from Iraqi health
institutions.  Eighty-seven  samples
showed characteristics of Pseudomonas
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spp., with 67 identified as P. aeruginosa
and 20 as other Pseudomonas species.
Cetrimide agar, along with biochemical
tests, was used for P aeruginosa
identification. P. aeruginosa cultural
characteristics included yellow-green
colonies on Cetrimide agar, colorless
colonies on MacConkey agar, and large,
fluorescent colonies on Nutrient agar.
Simmons Citrate agar showed a green
to blue color change.
Morphological Identification

The assessment of colonial shape
revealed colorless colonies (1-3 mm
diameter) on MacConkey  Agar,
indicating non-lactose fermentation in
Gram-negative  species  (29). P.
aeruginosa displayed mucoid, colorless
characteristics on  Nutrient Agar,
forming smooth, elevated colonies.
Positive identification of P. aeruginosa

was confirmed by green pigmentation
on Cetrimide agar, indicating pyocyanin
production. The results from culturing
P. aeruginosa on Nutrient Agar,
MacConkey Agar, and Cetrimide agar.
Biochemical Test

Bacterial isolates were analyzed
through  biochemical  tests  after
morphological and microscopic
identification, as detailed in Table 1.
The tests included the oxidase test,
catalase test, indole test, urease test, and
Simmons citrate test to determine
specific characteristics of the isolates
(30)(31)(32). Notably, these tests helped
differentiate Pseudomonas aeruginosa
from other Pseudomonas species based
on enzymatic activities and growth
patterns, as outlined in the results
presented in Table 2.

Table (1): Biochemical test results are used to identification p. aeruginosa.

Test Result
Oxidase test +
Catalase test +
Indole test _
Simmons citrate test +
Growat42 ‘Cand 4 °C +
Grow on Cetrimide agar +

Urease

Qualitative Screening for Protease
Enzymes in Pseudomonas aeruginosa

A total of 67 P. aeruginosa isolates
were screened to produce protease

enzymes. 56 out of the 67 isolates
(83.6%) tested positive, whereas 11
isolates (16.4%) were negative when
cultured on skim milk agar (Figure 1.).

Figure 1: Enzyme Production by Pseudomonas aeruginosa (9A) on Skim Milk Agar after 24 Hours
at 37°C: A- clear zone showed positive protease enzyme. B- without clear zones showed the negative
producing protease enzyme.
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Quantitative Screening for Protease
Enzymes

Fifteen P. aeruginosa isolates, pre-
selected based on clear zone formation
in qualitative screening, were further
assessed for protease production, 15
isolates with clear zones of 1-3 cm on
skim milk agar were grown in
Trypticase soy broth. Isolate 9A (from a
bacteremia patient) showed the highest
specific activity (280 units/mg protein)
compared to 200-275 units/mg protein
for other isolates. Isolate 9A was
selected for further study. These
variations in enzyme production may be
attributed to  genetic  differences,
isolation source, infection type, and
environmental factors like media
composition, temperature, pH, aeration,

302

Optimization of Protease Production

Optimal conditions for protease
production by P. aeruginosa isolates 9A
were investigated. This included
determining the optimal pH and
temperature for enzyme production.
Effect of pH on Enzyme Production

Protease production by P. aeruginosa
9A was highest at pH 8, with a specific
activity of 281 U/mg (Figure 2.). This
result agrees with studies on protease
production in other bacteria like
Serratia marcescens (35)(36), although
other studies have reported a pH of 7.2
for this species. pH influences enzyme
production by affecting nutrient
solubility, transport, and ionization,
ultimately impacting microbial growth
and enzyme synthesis (37).

and other growth conditions
(22)(33)(34).
300 1
£
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- 200 1
_: 100
0 ¥
6

pH

Figure (2): Effect of pH on Protease Production by P. aeruginosa 9A after 24 Hours at 37°C.

Effect of Temperature on Enzyme
Production

Protease production by P. aeruginosa
9A was also optimal at 37°C (282
U/mg), decreasing at other temperatures
(Figure 3.). This aligns with some
studies on Serratia marcescens (38),
though other optimal temperatures

(28°C, 30°C) have been reported (39).
Similar  variations are seen in
Enterobacter spp. (40). Temperature
significantly affects enzyme production;
excessive heat can cause cell death, halt

production, alter enzyme structure, and
inhibit function (41).
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Figure (3): The effect of Temperature on protease production from P. aeruginosa 9A for 24hr.

Purification of Protease: Sucrose
Concentration and Gel Filtration
Chromatography

Protease from P. aeruginosa 9A was
purified using sucrose concentration
and gel filtration chromatography
(Sephadex G-150). Sucrose
concentration was used due to enzyme
deactivation by ammonium sulfate
precipitation. Gel filtration (Sephadex
G-150) was then employed, separating
proteins based on size (5,000-300,000
Da) (42).

159

101

Absorbance at 280 nm

Protease was eluted using 0.2 M
Tris-HCI buffer. Three protein and three
protease activity peaks were observed
(Figure 4.). Peak 1 had a purification
time of 3.9 and a recovery of 69%, peak
2 had 0.788 and 39.9%, respectively,
and peak 3 had 2.65 and 21.27%,
respectively (Table 2.). This contrasts
with (43), who observed one major and
three minor protein peaks, with only
one enzyme activity peak, during
protease purification from E. coli. The
degree of enzyme purification depends
on its intended use (44).

—®— Protein
- 300

-~ Protease

200

- 100

Protease activity (U/ml)

-0
60 80 100

Fraction no.

Figure (4): Chromatography gel filtration for partial purification of Protease produced from P.
aeruginosa 9A through used (Sephadex G-150) column (22.6 x 1.7c¢m) at a flow rate of 20 ml/hr.
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Table (2) : Partial purification of Protease produced from P. aeruginosa 9A.
Purification | Volume Eur:]tzli//:?; Total P:g:,iln Total igﬁf/'lft'; Yield | Purification
s . . o
steps (ml) (U/ml) activity (mg/ml) protein (U/mg) Yo fold
sucrose conc. 10 880 8800 2.17 21.7 405.5 100 1
Gel filtration
first peak 15 405 6075 0.254 3.81 1594 69.03 3.932
second peak 15 234 3510 0.657 9.855 356.2 39.89 0.878
third peak 12 156 1872 0.145 1.74 1076 21.27 2.653

Cytotoxic Effects of partially Purified
Protease on Tumor and Normal Cell
Lines

The MTT assay was used to assess the
cytotoxic activity of purified protease
on MCF-7 tumor cells and HFF normal
cells. Cell viability was measured after
24 hours of incubation with varying
concentrations (2.5, 5, 7.5, and 10
mg/mL) of each enzyme.

Protease, at concentrations of 2.5, 5,
7.5, and 10 mg/mL, was tested for its
effect on MCF-7 and HFF cell viability

MTT Assay 24h (MCF?7 cell line)

over 24 hours (Figures 5.A and 5.B). At
10 mg/mL, cell viability was 106% for
MCF-7 cells and 137% for HFF cells,
suggesting increased viability in both
cell lines. While proteases break down
proteins and excessive activity can be
detrimental, the observed increase in
viability suggests a different mechanism
of action in these cell lines. However,
it's important to note that even though
viability has increased, proteases can
still target essential cellular proteins
(45).

MTT Assay 24h (HFF cell line)

120 -
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£ 60 4 £ 1004
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> il ;
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0 SR I SRS S
S “ “ hed > o
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concentration (mg/ml)

concentration (mg/ml)

Figure(5): Cytotoxicity of protease on: A- MCF-7 cell line and B- HFF cell line after 24hr treatment

Wound Healing (Scratch Assay) and
Enzymatic Activity:

The management of burns and
complex wounds often requires agents
with antimicrobial and regenerative
properties. The in vitro scratch assay
serves as a valuable tool to evaluate the
efficacy of therapeutic compounds, such
as nanoparticles or enzymes, in
promoting wound repair by modeling
cell migration and proliferation during

healing (46). This assay determines
whether a test substance accelerates or
inhibits cellular migration and tissue
closure.

Figure 6. depicts wound healing
progression in  human  foreskin
fibroblast (HFF) cells treated with
protease, monitored at 0, 12, 24, and 48
hours. Each row compares untreated
(control) and protease-treated samples
at corresponding time points. At 12
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hours, treated cells exhibit a modest
reduction in wound area compared to
the control, indicating early-stage
closure. By 24 hours, protease-treated
samples  demonstrate a  marked
acceleration in wound closure, with
significantly smaller wound areas
relative to both the control and earlier
time points. After 48 hours, treated cells
show near-complete wound resolution,
contrasting with the slower closure
observed in untreated samples.
Proteases, enzymes that catalyze
protein degradation, play a dual role in
wound  repair. While  excessive
proteolytic activity can damage healthy

Treated

tissue, controlled protease function is
indispensable for effective healing
(47)(48). These proteases promote
debridement by removing necrotic
debris, break down components of the
extracellular matrix (ECM) to enable
cell migration, and activate growth
factors necessary for tissue regeneration
(49)(50). The noted acceleration of
wound closure in protease-treated cells
is consistent with these mechanisms,
implicating effective proteolysis as
beneficial for ECM remodeling and
proliferation.

Control
Figure (6): wound healing of normal cell line (HFF) using protease for 0,12,24,48 hrs. A- The
control and treated for (0 hrs.) B- The control and treated for (12 hrs.) C- The control and treated
for (24 hrs.) D- The control and treated for (48 hrs.)
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Conclusion

This study sheds light on the
potential wound healing and anticancer
activity of protease enzymes from
Pseudomonas aeruginosa. The study
reveals that the enzyme, particularly
from clinical isolates 9A, exhibits
significant  activity under optimal
conditions, with protease enhancing
wound healing but requiring strict
regulation due to its cytotoxic effects.
Characterization and purification of
these enzymes are beneficial in their
clinical use. Nevertheless, further
research has to be undertaken in order
to maximize their activity and utilize
them for therapeutic purposes safely.
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