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Abstract
Background: Cell culture has a crucial role in many applications in biotechnology. The production of vaccines, recombinant proteins, tissue engineering, and stem cell therapy all need cell culture. Most of these activities needed adherent cells to move, which
should be trypsinized several times until received on a large scale. Although trypsin is manufactured from the bovine or porcine pancreas, the problem of contamination by unwanted animal proteins, unwanted immune reactions, or contamination to pathogen
reagents is the main problem.
Objectives: This study investigated microbial proteases as a safe alternative for trypsin replacement in cell culture experiments for
the detachment of adherent cells.
Methods: The bacteria were isolated from the leather industry effluent based on their protease enzymes. After sequencing their 16S
ribosomal deoxyribonucleic acid, their protease enzymes were purified, and their enzyme activities were assayed. The alteration
of enzymatic activities using different substrates and the effect of substrate concentrations on enzyme activities were determined.
The purified proteases were evaluated for cell detachment in the L929 fibroblast cells compared to trypsin. The separated cells were
cultured again, and cell proliferation was determined by the MTT assay.
Results: The results showed that the isolated bacteria were Bacillus pumilus, Stenotrophomonas sp., Klebsiella aerogenes,
Stenotrophomonas maltophilia, and Bacillus licheniformis. Among the isolated bacteria, the highest and the lowest protease activity
belonged to Stenotrophomonas sp. and K. aerogenes, with 60.34 and 11.09 U/mL protease activity, respectively. All the isolated microbial proteases successfully affected L929 fibroblast cells’ surface proteins and detached the cells. A significant induction in cell
proliferation was observed in the cells treated with K. aerogenes protease and B. pumilus protease, respectively (P < 0.05).
Conclusions: The obtained results suggested that microbial proteases can be used as safe and efficient alternatives to trypsin in cell
culture in biopharmaceutical applications.
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1. Background
Microbial proteases show various applications in different industries (1). They are used as therapeutic agents
and have an important place in the pharmaceutical industry (2). The microbial protease enzymes are used as
inflammation inhibitors, anticancer medicines, thrombolytic agents, and anticoagulants (3). In addition, they
serve as reagents in wound debridement to remove dead
cells and treat damaged tissues (4). Microbial proteases
were used in the injured spinal cord to remove scars and
chondroitin sulfate to grow axons again (5).
Trypsin is a serine protease enzyme extracted from the

bovine or porcine pancreas due to its activity on cell membrane proteins used in cell culture. The digestion of proteins in the adhesion site of cells to the culture vessels resulted in the detachment of cells (6, 7). The degradation of
these surface proteins and the detachment of cells altered
the cell morphology and metabolic pathways (8, 9). The
trypsin treatment induces the round shape cells with new
physiological activity (8). After separating the cells, trypsin
should be neutralized by fetal bovine serum (FBS). In this
reaction, FBS’s alpha-1 anti-trypsin binds to the trypsin and
deactivates its protease activity (10). Trypsin is available either in lyophilized powder or in a solution form. The largescale cell cultures are used to produce vaccines, recombi-
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nant proteins, and skin cell cultures. Due to unwanted immune reactions or contamination by pathogen reagents,
animal-origin proteins should not be used in these cultures (11). This study hypothesized that microbial proteases
as a safe source might be used as an alternative to trypsin.
Different microbial proteases have various cleave sites, and
their effects on cellular surface proteins can be similar or
dissimilar to trypsin (12). These proteases are not of eukaryotic origin. The metalloproteases (MMPs) of cultured cells
have various target sites in them, and their residue in cell
culture is degraded by MMPs (13), which might be better
tolerated by the cells.
2. Methods
2.1. Isolation of Protease Enzyme-Producing Microorganisms
The leather industry’s wastewater samples were collected, taken with a sterile container, and transported to
a laboratory on ice. Then, the wastewater was diluted
with phosphate-buffered saline (PBS) (ratio 1:10 to 1:1000).
These dilutions were cultured on brain heart infusion
(BHI) agar (Merck, Germany) and incubated at 30°C. Different colonies appeared in the media at different intervals,
and the duration of the emergence of each colony in the
medium was different.
2.2. Plate Assay
The proteolytic zone of proteases in substrates was
measured and compared. After obtaining a single colony,
the colonies were cultured in three substrate media, including Skim milk agar, gelatin agar, and casein agar (all
from Merck, Germany). The plates were incubated in a 30°C
incubator for 72 hours. The colonies that grow in all three
substrate media were selected for further study, and the
stocks were stored at -20°C (14).
2.3. Microorganism Identification
The isolated colonies were maintained in a 5 mL BHI
medium and incubated at 30°C for 24 hours, and then the
bacterial deoxyribonucleic acid (DNA) was extracted using
the DNA Extraction Kit (Aryadaneshgene, Iran). The 16S ribosomal ribonucleic acid (rRNA) gene was amplified using the forward primer: 5´-AGAGTTTGATCCTGGCTCAG and
the reverse primer: 5´-AAGGAGGTGATCCAGCCGCA by polymerase chain reaction (PCR). The steps of PCR included primary denaturation at 95°C for 10 minutes, 35 cycles of denaturation at 95°C for 30 seconds, annealing at 54°C for 30
seconds, extension at 72°C for 54 seconds, and final extension at 72°C for 10 minutes. Then, the PCR products were
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electrophoresed on the 1% agarose gel. The PCR products
were sequenced and compared with other sequences in
the GenBank using the National Center for Biotechnology
Information (NCBI) BLAST algorithm.
2.4. Enzyme Activity Assay of the Crud Protease
The bacterial occultation cultures in 4 mL BHI broth
(Merck, Germany) were incubated at 25°C for 48 hours.
Then, the bacteria culture medium was centrifuged at
2000 g for 10 minutes to remove the cells from the
medium. Afterward, 1 mL of the centrifuged supernatant
was added to 1 mL of PBS at pH 8, and 1 mL of 2% casein (Merck, Germany) with pH 7 was added to the solution at 37°C for 10 minutes. Subsequently, 2 mL of 5 M
trichloroacetic acid (TCA) (Merck, Germany) was added to
stop the reaction. The casein solution that precipitated was
centrifuged at 3000 g for 5 minutes. Then, 10 mL of 0.5
M sodium hydroxide (NaOH) (Merck, Germany) and 3 mL
of diluted Folin reagent (Merck, Germany) (1 mL of Folin
reagent diluted in 2 mL of distilled water) were added, and
its optical absorbance was read at 750 nm (15).
2.5. Protease Purification
The crud protease was isolated by the filtration of bacterial culture in BHI broth, the addition of 60% ammonium
sulfate, and centrifuge at 12000 g for 15 minutes. The supernatant was discarded, and the residue was further purified
by a diethylaminoethyl cellulose column (15 × 300 mm)
(equilibrated with 0.1 M Tris-HCl). The column was washed
with the same buffer at a flow rate of 10 mL per hour, and
fractions were collected (each fraction equal to 4 mL). The
enzyme activity assay was carried out (15, 16).
2.6. Consequences of Different Substrates on Enzyme Activity
The effects of various substrates were measured on enzymatic activity. The multiple substrates included gelatin,
casein, and keratin, which were used to determine the alteration of the isolated protease enzyme activity. The different substrates were added to 100 µL PBS. The purified
enzyme (0.25 mg/100 µL PBS) was added to the substrate
PBS solution and incubated at 37°C for 10 minutes. Then,
0.2 mL of 5 M TCA (Merck, Germany) was added to stop
the reaction. The solution was centrifuged at 3000 g for 5
minutes, and 1 mL of 0.5 M NaOH (Merck, Germany) and
0.3 mL of diluted Folin reagent (Merck, Germany) (1 mL
of Folin reagent diluted in 2 mL of distilled water) were
added. The reaction optical density (OD) was read at 750
nm. The kinetic parameters were calculated using various
casein concentrations as a substrate from the MichaelisMenten equation.
Iran J Pharm Res. 2022; 21(1):e126328.
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2.7. Viability Determination by MTT Assay
The L929 cells were cultured in a 96-well plate (10000
cells/well) and incubated at 37°C with 5% Co2 . After 24
hours, the cultured cells were detached with different extracted microbial protease enzymes (0.25 mg/100 µL normal saline) or trypsin (0.25 mg/100 µL normal saline)
(Sigma, USA) as control and cultured again for 24 hours and
subjected to the MTT assay. Briefly, the supernatant was discarded, and 10 µL MTT reagent (Merck, Germany) with a final concentration of 50 mg/mL dissolved in PBS was added
to each well and incubated at 37°C for 2 hours. Then, the
MTT reagent was removed, 50 µL of isopropanol (Merck,
Germany) was added, and the OD was read at 570 nm.
2.8. Statistics
The statistical test was performed by SPSS software (version 28) and GraphPad software (version6.07). One-way
analysis of variance and SPSS software (version 28) were
used to determine the significant differences between the
results. The significant differences between the groups
were considered at less than 0.05.

3. Results
3.1. Assay of Isolated Colonies and Identification
The isolated bacteria were cultured in three substrate
media. The total number of bacteria that grow and produce proteolytic zone in three media, including, Skim Milk
agar, gelatin agar, and casein agar, were 24. Five isolates
were selected due to their potent extracellular protease
(Figure 1). The aforementioned five isolates were m1, m2,
m3, m4, and m5. After specific PCR, their 16S rRNA gene
was sequenced and highly similar to some data from the
Nucleotide database NCBI. The m1, m2, m3, m4, and m5
isolates were Bacillus pumilus, Stenotrophomonas sp., Klebsiella aerogenes, Stenotrophomonas maltophilia, and Bacillus
licheniformis, respectively.
3.2. Results of Protease Activity
The proteolytic enzyme activities of isolated bacteria
were determined by plate assay and the spectrophotometric method (14-16). The significant highest protease activity
belonged to Stenotrophomonas sp., and S. maltophilia and B.
licheniformis were in the following steps, respectively (P <
0.05) (Figure 2A). The protease activity values of isolated
protease from B. pumilus, Stenotrophomonas sp., K. aerogenes, S. maltophilia, and B. licheniformis were 33.67, 60.34,
11.09, 57.59, and 46.04 U/mL, respectively.
Iran J Pharm Res. 2022; 21(1):e126328.

The diameter zone of clearance of the Skim Milk was
measured from the zone’s border to the colony’s border. The results of the measured proteolytic area indicated that all the isolated bacteria produced a proteolytic zone in plates containing Skim Milk agar, and the
Stenotrophomonas sp. created the highest proteolytic zone,
followed by S. maltophilia and B. licheniformis, respectively
(Figure 2B).
3.3. Alteration of Enzymatic Activity Using Different Substrates
Different substrates, including gelatin, casein, and keratin, were used as protease substrates to investigate the effects of substrate on protease activity. The most protease
activity among the isolated bacteria was observed for casein as a substrate, except B. licheniformis, which showed
the same protease activity for gelatin (Figure 3). Bacillus
pumilus, Stenotrophomonas sp., and S. maltophilia showed
significant differences in protease activity against casein,
gelatin, and keratin as a substrate (P < 0.05).
3.4. Effects of Substrate Concentrations on Enzyme Activity
The various concentrations of casein (as a substrate)
were used to determine alteration protease reaction. According to the Michaelis-Menten equation, kinetic parameters were calculated. The highest observed maximum reaction velocity (Vmax) belonged to Stenotrophomonas sp. protease, and K. aerogenes and B. licheniformis were in the following order in observed Vmax, respectively (Figure 4A).
The Et or the enzyme catalytic sites (mM) concentration was calculated (Figure 4B).
Klebsiella aerogenes protease showed a significant difference in comparison to S. maltophilia, B. pumilus, and
Stenotrophomonas sp. proteases (Figure 4B). The MichaelisMenten constant shows the enzyme’s affinity to the substrate (Km value). The lowest Km value belonged to S. maltophilia, B. pumilus, and B. licheniformis, respectively. The
lower Km content indicated the enzyme’s higher affinity to
the substrate (Figure 4C).
3.5. Results of Cell Culture After Treatment by Isolated Microbial
Proteases
The L929 cells were cultured in a 96-well plate (10000
cells/well). After 24 hours, the cultured cells were treated
with various isolated protease enzymes and trypsin as a
control. The detached cells were washed with FBS and refined in a new 96-well plate. The viability of cultured cells
was determined after 24 hours by the MTT assay. The L929
cells showed different responses to treated enzymes. The
significant highest viability percentage was observed in
3
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Figure 1. Dendrogram of relationships between 16S ribosomal ribonucleic acid region of isolated bacteria, including Bacillus pumilus, Stenotrophomonas sp., Klebsiella aerogenes, Stenotrophomonas maltophilia, and Bacillus licheniformis (marked red three angles), using the neighbor-joining method

cells treated with K. aerogenes protease (Figure 5). The cell
viability was reduced after detachment by the extracted
protease enzymes of B. licheniformis. The cells separated
with Stenotrophomonas sp. and S. maltophilia proteases resulted in the same viability as trypsin.

4. Discussion
Adhesive cell culture is becoming more critical every
day. The large-scale cell culture is needed for vaccine synthesis, biopharmaceutical production, tissue engineering,
and increasing demand for stem cell transplantation for
clinical use. All of the cell cultures should grow up gradually. In this way, cell detachment is required to transport the cells into the larger place. Trypsinization is a routine method for detaching the adherent cells in research.
Trypsin manufactured from bovine or porcine pancreas
should not be used in the pharmaceutical approach due
to contamination by animal agents. Other methods for detaching the adherent cells are scraping (17), washing down
by microjet (18), sonication (19), recombinant trypsin (20),
4

and synthetic peptides (21). Some of the aforementioned
methods reduce viability due to membrane damage, and
others are not readily available or are expensive (19).
In this study, extracellular protease enzymes from five
isolated bacteria were characterized. The sequencing of
their 16S rRNA gene and comparing their sequences to the
data in the Nucleotide database of NCBI showed that they
were Bacillus sp., Stenotrophomonas sp., K. aerogenes, S. maltophilia, and B. licheniformis. The proteases of the isolated
bacteria were extracted, and the L929 cell line, routinely
used for cytotoxicity study, was exposed to microbial proteases and trypsin in parallel. The detached cells were cultured again, and their viability was evaluated. The treatment of the L929 cells with the Stenotrophomonas sp. protease and S. maltophilia protease resulted in the same as
trypsin. It was observed that the treatment of the L929
cells with the B. licheniformis protease reduced cell viability. While treating the cells with K. aerogenes and B. pumilus,
protease enzymes enhanced cell viability after treatment,
compared to trypsin. This finding should be due to differences in microbial protease activity. The isolated proteases
Iran J Pharm Res. 2022; 21(1):e126328.
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Figure 2. Comparison of measured protease activity of isolated proteases by the spectrophotometric method; (A) Measured proteolytic zone of cultured bacteria in skim
milk agar; (B) Stenotrophomonas sp., Stenotrophomonas maltophilia, and Bacillus licheniformis indicating the significant highest proteolytic zone, compared to other bacteria,
respectively (P < 0.05). Stenotrophomonas sp., S. maltophilia, and B. licheniformis showed significant most excellent protease activity (P < 0.05).

in this study showed significant differences in protease activity.
The isolated protease from B. pumilus had 33.67 U/mL
activity in this study. However, in previous studies on B.
pumilus, the protease activity was 35.437 U/mL (22) to a maximum of 2000 U/mg (23), which was significantly higher
than the present study. The Stenotrophomonas sp. protease
determined at 60.34 U/mL in this study was previously reported as 40 mg/mL in the isolate in 2017 (24) to 157.50
U/mg (25). In this study, the K. aerogenes protease was 33.27
U/mL, previously detected at 14.24 U/mL (26). Similar differences were observed in S. maltophilia protease activity
which was 57.59 U/mL in this study; nevertheless, it was previously determined at 1.87 U/mg (27) to 418 U/mL (28). The
protease detected from B. licheniformis had 46.04 U/mL protease activity in this study which was previously reported
from 3.2 U/mL (29) to 5100 U/mL (30).
In addition, each protease showed a preferred substrate to cleave, and there were significant differences between isolated enzymes’ protease activity concerning the
used substrates. For example, B. pumilus had a high protease activity in casein, and its protease activity was significantly reduced in gelatin. It showed the lowest proteolytic
activity in keratin used as a protease substrate. Although
Iran J Pharm Res. 2022; 21(1):e126328.

Stenotrophomonas sp., S. maltophilia, and K. aerogenes similarly showed the highest protease activity for casein, the
preferred substrates were keratin in the subsequent step
and gelatin, respectively. Bacillus licheniformis had an equal
protease activity in casein and gelatin substrates and a significantly reduced protease activity observed in keratin.
Trypsin had a quite different activity pattern. It showed increased protease activity for casein, a minimum activity for
gelatin, and almost no protease activity for keratin.
Comparing cellular viability outcomes after treatment
by proteases and their effects on substrates makes it possible to select a more suitable protease for use in cell cultures. This study showed that the protease activity for
gelatin as a substrate could lead to choosing the better enzyme for trypsin replacement. The enzymes, which had
lower protease activity (< 30 U/mL) for gelatin as a substrate, enhanced L929 cell viability after the treatment.
These outcomes can be used as an indicator to find the better applicable protease enzymes instead of trypsin for cell
detachment, which is an obligatory step for transferring
cells in cell culture experiments.
Another critical point is the optimization of microbial
enzyme concentrations. In this study, the concentration
of all used isolated microbial proteases was the same as
5
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Figure 3. Effects of various substrates on the protease activity of isolated bacteria. The types of substrate affected the activity of the enzymes. The differences in observed
protease activity among casein, gelatin, and keratin as substrates were significant (P < 0.05) in Bacillus pumilus, Stenotrophomonas sp., and Stenotrophomonas maltophilia. All
the isolated microbial enzymes had a significantly increasing enzyme activity for casein (except Bacillus licheniformis, with similar activity for gelatin).

trypsin. Optimization according to the protease activity of
microbial proteases resulted in minimizing damage to the
cell membrane and extracellular matrix of cells during displacement and led to enhanced cell viability after separation and reduced unwanted side effects. The microbial enzymes have the most crucial advantage. After cell detachment with microbial enzymes, rinsing the cells with PBS is
sufficient to remove their residue and does not require the
addition of FBS (31).

substrates differs from trypsin; however, their function in
the detachment of the cells is similar to trypsin (or better)
in cell cultures. In addition, they can be helpful in cell lines
that are hard to detach by trypsin. For the removal of their
residue, rinsing the cell is sufficient.

4.1. Conclusions
The medical cell cultures need animal origin-free cultures, and microbial enzymes are the best, safe, and available alternative for trypsin replacement in cell cultures.
The proteolytic activity of microbial enzymes in different
6
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Figure 4. Effect of substrate concentration on proteolytic activity; Michaelis-Menten equation microbial enzymesubstrate catalyzed reaction (A); Calculation of Et or the
enzyme catalytic sites’ (mM) concentration; Casein used as a substrate to indicate the effect of substrate concentration on proteolytic activity (B); Calculation of Km for
microbial proteases (the substrate concentration that saturated half of active sites of each enzyme); Km of Klebsiella aerogenes protease with a significant difference, compared
to those of other proteases (C)

Iran J Pharm Res. 2022; 21(1):e126328.
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Figure 5. Viability percentage in cells treated by different microbial proteases and trypsin. The cell viability increased significantly in the cells treated with Klebsiella aerogenes
protease and Bacillus pumilus protease, respectively, compared to that of trypsin (P < 0.05). The Bacillus licheniformis protease decreased cell viability significantly, compared
to trypsin (P < 0.05). The cell viability in treated cells by Stenotrophomonas sp. and Stenotrophomonas maltophilia were the same as trypsin.

Acknowledgments
The authors appreciate all laboratory staff that helped
in this study.

Data Reproducibility: No new data were created or analyzed in this study. Data sharing does not apply to this article.
Funding/Support: This study did not receive any specific
grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Footnotes
Authors’ Contribution: MD, AM, and NH analyzed the
data and designed the experiments. MD and AM performed
the experiments. AP and MK performed the study conception. MD and AM wrote the paper.
Conflict of Interests: The authors declare no conflict of
interest associated with the present manuscript.
8

References
1. Sharma M, Gat Y, Arya S, Kumar V, Panghal A, Kumar A. A Review on Microbial Alkaline Protease: An Essential Tool for Various Industrial Approaches. Ind Biotechnol. 2019;15(2):69–78. doi: 10.1089/ind.2018.0032.
2. Chanalia P, Gandhi D, Jodha D, Singh J. Applications of microbial proteases in pharmaceutical industry. Rev Med Microbiol. 2011;22(4):96–
101. doi: 10.1097/MRM.0b013e3283494749.

Iran J Pharm Res. 2022; 21(1):e126328.

Matinfar A et al.

3. Craik CS, Page MJ, Madison EL. Proteases as therapeutics. Biochem
J. 2011;435(1):1–16. doi: 10.1042/BJ20100965. [PubMed: 21406063].
[PubMed Central: PMC4503466].
4. Vellard M. The enzyme as drug: application of enzymes as pharmaceuticals. Curr Opin Biotechnol. 2003;14(4):444–50. doi: 10.1016/s09581669(03)00092-2. [PubMed: 12943856].
5. Bradbury EJ, Moon LD, Popat RJ, King VR, Bennett GS, Patel PN, et al.
Chondroitinase ABC promotes functional recovery after spinal cord
injury. Nature. 2002;416(6881):636–40. doi: 10.1038/416636a. [PubMed:
11948352].
6. Tsuji K, Ojima M, Otabe K, Horie M, Koga H, Sekiya I, et al. Effects of
Different Cell-Detaching Methods on the Viability and Cell Surface
Antigen Expression of Synovial Mesenchymal Stem Cells. Cell Transplant. 2017;26(6):1089–102. doi: 10.3727/096368917X694831. [PubMed:
28139195]. [PubMed Central: PMC5657749].
7. Corver WE, Cornelisse CJ, Hermans J, Fleuren GJ. Limited loss
of nine tumor-associated surface antigenic determinants after tryptic cell dissociation. Cytometry. 1995;19(3):267–72. doi:
10.1002/cyto.990190311. [PubMed: 7736872].
8. Kapiszewska M, Reddy NM, Lange CS. Trypsin-induced changes in cell
shape and chromatin structure result in radiosensitization of monolayer Chinese hamster V79 cells. Int J Radiat Biol. 1991;60(4):635–46.
doi: 10.1080/09553009114552461. [PubMed: 1680144].
9. Dettmer K, Nurnberger N, Kaspar H, Gruber MA, Almstetter MF,
Oefner PJ. Metabolite extraction from adherently growing mammalian cells for metabolomics studies: optimization of harvesting
and extraction protocols. Anal Bioanal Chem. 2011;399(3):1127–39. doi:
10.1007/s00216-010-4425-x. [PubMed: 21125262].
10. Sharma M, Kumar R, Sharma S, Thomas B, Kapatia G, Singh G, et al.
Sustained exposure to trypsin causes cells to transition into a state of
reversible stemness that is amenable to transdifferentiation. bioRxiv.
2019. doi: 10.1101/679928.
11. Pauwels K, Herman P, Van sVaerenbergh B, Dai Do Thi C, Berghmans L, Waeterloos G, et al. Animal Cell Cultures: Risk Assessment
and Biosafety Recommendations. Appl Biosaf. 2016;12(1):26–38. doi:
10.1177/153567600701200105.
12. DuMont AL, Cianciotto NP. Stenotrophomonas maltophilia Serine
Protease StmPr1 Induces Matrilysis, Anoikis, and Protease-Activated
Receptor 2 Activation in Human Lung Epithelial Cells. Infect Immun.
2017;85(12). doi: 10.1128/IAI.00544-17. [PubMed: 28893914]. [PubMed
Central: PMC5695115].
13. Rawlings ND, Barrett AJ, Thomas PD, Huang X, Bateman A, Finn
RD. The MEROPS database of proteolytic enzymes, their substrates and inhibitors in 2017 and a comparison with peptidases
in the PANTHER database. Nucleic Acids Res. 2018;46(D1):D624–32.
doi: 10.1093/nar/gkx1134. [PubMed: 29145643]. [PubMed Central:
PMC5753285].
14. Zhang X, Shuai Y, Tao H, Li C, He L. Novel Method for the Quantitative
Analysis of Protease Activity: The Casein Plate Method and Its Applications. ACS Omega. 2021;6(5):3675–80. doi: 10.1021/acsomega.0c05192.
[PubMed: 33585747]. [PubMed Central: PMC7876679].
15. Cupp-Enyard C. Sigma’s Non-specific Protease Activity Assay - Casein as a Substrate. J Vis Exp. 2008;(19). doi: 10.3791/899. [PubMed:
19066538]. [PubMed Central: PMC2872977].
16. Anson ML. The Estimation of Pepsin, Trypsin, Papain, and
Cathepsin with Hemoglobin. J Gen Physiol. 1938;22(1):79–89.
doi: 10.1085/jgp.22.1.79. [PubMed: 19873094]. [PubMed Central:
PMC2213732].
17. Bundscherer A, Malsy M, Lange R, Hofmann P, Metterlein T, Graf BM,
et al. Cell harvesting method influences results of apoptosis analysis by annexin V staining. Anticancer Res. 2013;33(8):3201–4. [PubMed:

Iran J Pharm Res. 2022; 21(1):e126328.

23898079].
18. Visser CW, Gielen MV, Hao Z, Le Gac S, Lohse D, Sun C. Quantifying
cell adhesion through impingement of a controlled microjet. Biophys
J. 2015;108(1):23–31. doi: 10.1016/j.bpj.2014.10.071. [PubMed: 25564849].
[PubMed Central: PMC4286591].
19. Kurashina Y, Imashiro C, Hirano M, Kuribara T, Totani K, Ohnuma
K, et al. Enzyme-free release of adhered cells from standard culture dishes using intermittent ultrasonic traveling waves. Commun
Biol. 2019;2:393. doi: 10.1038/s42003-019-0638-5. [PubMed: 31701022].
[PubMed Central: PMC6820801].
20. Manira M, Khairul Anuar K, Seet WT, Ahmad Irfan AW, Ng MH,
Chua KH, et al. Comparison of the effects between animal-derived
trypsin and recombinant trypsin on human skin cells proliferation,
gene and protein expression. Cell Tissue Bank. 2014;15(1):41–9. doi:
10.1007/s10561-013-9368-y. [PubMed: 23456438].
21. Ma Y, Li Z, Numata K. Synthetic Short Peptides for Rapid Fabrication
of Monolayer Cell Sheets. ACS Biomater Sci Eng. 2016;2(4):697–706. doi:
10.1021/acsbiomaterials.6b00113. [PubMed: 33465869].
22. Yao D, Qu J, Chang P, Tao Y, Yang D. Production and characterization of alkaline protease from hemoglobin-degrading Bacillus pumilus NJM4 to produce fermented blood meal. J Food Sci
Technol. 2012;49(5):626–31. doi: 10.1007/s13197-010-0205-z. [PubMed:
24082276]. [PubMed Central: PMC3550848].
23. Tork SE, Shahein YE, El-Hakim AE, Abdel-Aty AM, Aly MM. Purification and partial characterization of serine-metallokeratinase
from a newly isolated Bacillus pumilus NRC21. Int J Biol Macromol. 2016;86:189–96. doi: 10.1016/j.ijbiomac.2016.01.060. [PubMed:
26802243].
24. Kurnia F, Tjandrawinata RR, Yulandi A, Suhartono MT. Protease
of Stenotrophomonas sp. from Indonesian fermented food: gene
cloning and analysis. J Biol Res. 2018;90(2). doi: 10.4081/jbr.2017.6428.
25. Saba I, Qazi PH, Rather SA, Dar RA, Qadri QA, Ahmad N, et al. Purification and characterization of a cold active alkaline protease from
Stenotrophomonas sp., isolated from Kashmir, India. World J Microbiol
Biotechnol. 2012;28(3):1071–9. doi: 10.1007/s11274-011-0905-1. [PubMed:
22805828].
26. Schwan RF, Rodarte MP, Dias DR, Vilela DM. Proteolytic activities of
bacteria, yeasts and filamentous fungi isolated from coffee fruit (Coffea arabica L.). Acta Sci Agron. 2011;33(3):457–64. doi: 10.4025/actasciagron.v33i3.6734.
27. Khobragade CN, Gophane SR, Motwani RB. Purification and
Characterization of Extracellular Protease from Soil Isolate
Stenotrophomonas Maltophilia as Novel Target for Fibrinolysis.
J Microbiol Biotech Food Sci. 2021;2021:496–502.
28. Wang Q, Ji F, Wang J, Jiang B, Li L, An L, et al. Characterization of
a salt-activated protease with temperature-dependent secretion in
Stenotrophomonas maltophilia FF11 isolated from frozen Antarctic
krill. J Ind Microbiol Biotechnol. 2016;43(6):829–40. doi: 10.1007/s10295016-1749-3. [PubMed: 27001262].
29. Ghazaei C. Effect of Rhamnolipids on Pathogenicity Characteristics
of Microorganisms in Organic Compost. Res Mol Med. 2021;9(1):39–50.
doi: 10.32598/rmm.9.1.5.
30. Zhou C, Zhou H, Zhang H, Lu F. Optimization of alkaline protease production by rational deletion of sporulation related genes in Bacillus
licheniformis. Microb Cell Fact. 2019;18(1):127. doi: 10.1186/s12934-0191174-1. [PubMed: 31345221]. [PubMed Central: PMC6657089].
31. Stenn KS, Link R, Moellmann G, Madri J, Kuklinska E. Dispase, a
neutral protease from Bacillus polymyxa, is a powerful fibronectinase and type IV collagenase. J Invest Dermatol. 1989;93(2):287–90. doi:
10.1111/1523-1747.ep12277593. [PubMed: 2546994].

9

