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	 Streptomyces tricolor HM10 was investigated for extracellular protease and protease 
inhibitor production, partial purification, biochemical characterization, and gene-level 
confirmation. ISP-4 medium was the most suitable for production, with maximum protease 
inhibitor activity observed after 2 days of incubation. Casein significantly enhanced enzyme 
production, indicating its role as an inducer. Gel filtration chromatography on Sephacryl S-200 
successfully separated protease and inhibitor activities, confirming their distinct molecular 
nature. The protease showed optimal activity at pH 9.0 and 50 °C, while the inhibitor exhibited 
maximum activity at neutral pH and 60 °C. Both biomolecules demonstrated broad pH and 
thermal stability. Metal ions such as Mn²? and Co²? enhanced activity, whereas Hg²? strongly 
inhibited both proteins. PMSF sensitivity confirmed the serine nature of the protease. The 
enzyme retained stability in the presence of non-ionic surfactants, suggesting potential industrial 
applicability. Additionally, strong antifungal activity was observed against plant pathogens, 
particularly Fusarium oxysporum. PCR amplification confirmed the presence of genes encoding 
serine protease, subtilase-type inhibitor, and CPBP metalloprotease, while one inhibitor gene was 
not detected. Overall, S. tricolor HM10 represents a promising source of thermostable alkaline 
protease and bioactive inhibitor with potential applications in biotechnology and biocontrol.
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	 Proteases, also referred to as proteinases 
or proteolytic enzymes, are essential components 
of cell health and viability. They are involved in 
a variety of processes, including transcription, 
cell proliferation, differentiation, extracellular 
matrix remodelling, hormone processing, and the 
processing of biologically active peptides.1The 
hydrolysis of peptide bonds in proteins and 
polypeptides is catalysed by a broad class 

of enzymes known as proteases. Substrate 
specificity, active site, catalytic mechanism, pH, 
temperature optima, and stability profile are some 
of the characteristics that set them apart.There 
are several schemes for classifying proteases, 
which provide a wealth of relevant information 
about each protease. According to the Enzyme 
Commission (EC) classification, proteases belong 
to hydrolases (group 3), which hydrolyze peptide 
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bonds (sub-group 4).2 Also, Proteases are regarded 
as the most beneficial and potent enzymes and 
represent 6% of the total proteins in the human 
genome and represent 1-5% of microbial genomes 
(such as bacteria, fungi, and viruses).3, 4 
	 Protease enzymes play metabolic and 
regulatory functions, are basic in many biological 
processes, and offer a wide range in physiological, 
biochemical processes and in biotechnological 
applications.5, 6 
	 Continuous neutrophil infiltration 
and activation frequently contribute to chronic 
inflammation. The current understanding is that 
neutrophil serine proteases play a major role in these 
disorders by causing proteolytic tissue destruction 
following their release from activated or dead 
neutrophils.6 In order to prevent the breakdown 
of connective tissue proteins including elastin, 
collagen, and proteoglycans, proteolytic activity 
appears to be strictly controlled in the extracellular 
and pericellular area. Serine proteases’ proteolytic 
activity is ultimately regulated by protein inhibitors 
that are members of three major families: serpins, 
chelonianins, and macroglobulins.7 
	 Protease inhibitors are a widely used as 
class of antivirals, and these selective inhibitors 
can be used as a powerful tool to inactivate target 
proteases,8 so they are widely used in the treatment 
of diseases, such as influenza, HIV, malaria, 
cancer, and even degenerative diseases, such as 
Alzheimer’s disease and their treatment for HIV/
AIDS and hepatitis C.9

	 Therapeutic inhibitors have been studied 
as a treatment for a number of viral and chronic 
inflammatory illnesses by controlling undesired 
proteolysis at inflammation sites. Corticosteroid 
medications are the mainstay of treatment. 
Corticosteroids, like any medications, can have 
unfavourable side effects, particularly when taken 
in high dosages for extended periods of time. 
Hyperglycemia, infection, gastritis, gastrointestinal 
bleeding, gastrointestinal ulceration or perforation, 
proximal myopathy, severe peripheral oedema, and 
psychiatric episodes are examples of corticosteroid 
toxicity.                                                
	 In order to avoid these secondary effects, 
several reports are focused on the screening and the 
identification of new serine protease and inhibitors 
protease with no major side effects from different 
natural sources.

	 Actinomycetes, especially Streptomyces 
species, are a class of bacteria that are extensively 
used for the manufacture of commercially 
valuable secondary metabolites and enzymes for 
use in agriculture and medicine.10 Actinomycetes 
are present in soil and in many kinds of natural 
resources.11 Streptomyces is the most important 
genus for both industrial and human health care 
since it appears to produce a greater range of novel 
bio-functional molecules than any other genus.12 
Nowadays, they generate a lot of secondary 
metabolites for pharmaceutical companies, which 
results in extensive research being done to find new 
serine proteases and protease inhibitors.
	 Streptomyces albogriseolus S-3253 is 
the original source of the proteinaceous protease 
inhibitor known as Streptomyces subtilisin 
inhibitor (SSI).13 Alkaline serine proteases are 
strongly inhibited by SSI, a dimer made up of two 
identical subunits. A wide range of Streptomyces 
species and their related species produce SSI and 
SSI-like protease inhibitors (SIL), which together 
make up the vast SSI family.14The widespread 
presence of SSI and SIL in actinobacteria points 
to a significant shared function for these inhibitors 
in the producers.15 
	 The objective of our study is the screening, 
the production, biochemical, and molecular 
characterization of a novel protease and protease 
inhibitor of Streptomyces HM10 strain newly 
isolated from Qassim University soil.

MATERIALS AND METHODS

Microorganisms and used media 
	 Streptomyces tricolor HM10 used in 
this study was isolated by Dr. Medhat Rehan 
(Department of Plant Production, College of 
Agriculture and Food) from the soil of Qassim 
University. The strain was maintained by periodic 
transfer to fresh stock culture media every month 
and stored at 10 ºC.15 Three culture media were 
prepared and tested, the SMF medium (calcium 
carbonate 0.2 g, peptone 0.15g, glucose 0.9g  in 100 
mL distilled water), ISP-4 medium (glucose 1 g, 
potassium dihydrogen phosphate 0.1 g, magnesium 
sulfate 0.1 g, sodium chloride 0.1 g, ammonium 
sulfate 0.2 g, calcium carbonate 0.2 g, trace salts 
solution, in 100 mL distilled water, (pH 7.0) and 
the King’s Medium B Base (proteose peptone 
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0.2 g, dipotassium hydrogen phosphate 0.015g, 
magnesium sulphate heptahydrate 0.015g in 100 
mL distilled water (pH 7.0). 
	 For each culture medium, the strain was 
cultivated in media with or without 2% of casein 
as unique carbon source. Autoclaving for 20 min 
was then carried out at a temperature of 120ºC.                   
Culture conditions
	 A single colony of Streptomyces tricolor 
HM10 was used to inoculate a seed culture medium 
from King’s medium B for 24 h at 30ºC and 170 
rpm on incubator shaker (Thermo Fisher Scientific) 
for agitation and aeration. One milliliter of the 
seed culture was used to inoculate each of the 
three media (100 mL). After that, the cultures were 
incubated for 72 hours at 30 °C with agitation (150 
rpm). Following the incubation period, the cell 
pellet mass was discarded and the cell-free extract 
was recovered by centrifugation at 10,000 rpm for 
15 minutes.15

Partial purification 
	 In accordance with Kalchev et al. (2013),15 

partial purification was carried out. Samples were 
first centrifuged at 12,000 rpm for 40 minutes 
at 4°C to remove cell debris. The resulting 
supernatants were precipitated with 80% (NH„ )
‚ SO„  at 4°C for two days, and the precipitated 
proteins were collected by centrifugation under 
the same conditions. The Bradford16 test was used 
to measure the protein content, and protease and 
protease inhibitor activities were measured using 
their respective protocols.
	 The  p rec ip i t a ted  p ro te ins  were 
resuspended in 20 mM Tris-HCl (pH 7.0) and 
dialyzed against the same buffer for two days to 
remove excess salts. A Sephacryl S-200 column 
(89 cm × 2 cm) that had been pre-equilibrated 
with 20 mM Tris-HCl, pH 7.0, containing 0.15 M 
NaCl was then filled with the dialysed samples. 
The same buffer was used to elute the proteins, and 
3 mL fractions were gathered at a flow rate of 0.5 
mL/min. Spectrophotometric monitoring of protein 
elution was conducted at 280 nm. Pooled fractions 
with protease or protease inhibitor activity were 
kept at 4°C for further molecular and biochemical 
investigation.
Protease assay activity
	 The protease activity in the culture 
supernatant was measured using the Tsuchida et al. 
technique17 with casein as a substrate. The enzyme 

activity was measured by incubating 200 µL of 
the crude extract with 500 µL of 1% (w/v) casein 
sodium salt (Sigma) in 100 mM buffer (pH 7) for 
30 minutes at 37 °C. After stopping the reaction 
with 250 µL (0.44 M) of trichloroacetic acid 
(TCA), the mixture was left at room temperature 
for 15 minutes. After that, the reaction mixture was 
centrifuged for 15 minutes at 10,000 rpm to extract 
the non-reacted casein.18 A spectrophotometer 
(Agilent Technologies) was used to measure the 
activity at 280 nm.
Protease inhibitor assay
	 Protease inhibitor activities against trypsin 
were determined according to Tsuchida et al.17In 
brief, 200 µL of trypsin (1000 units/mg) was 
combined with 200 µL aliquot of Streptomyces sp. 
crude extract, and the mixture was pre-incubated 
for 15 minutes at room temperature. After that, 400 
µL of 1% casein was added and the mixture was 
left at 37 °C for 30 minutes. The process was finally 
stopped by adding 250 µL of 0.44M Trichloroacetic 
acid (TCA) solution. The absorbance at 280 nm 
was measured following centrifugation of the 
reaction mixture at 12,000 rpm for 15 minutes. 
Under standard test conditions, one unit of protease 
inhibitor activity (PIU) was defined as the decrease 
of one unit of absorbance at 280 nm of the TCA 
soluble casein hydrolysis product released by 
trypsin per minute.18 For comparative purposes, 
the inhibition percentage of the protease inhibitor 
activity was also calculated by comparing it to a 
control experiment.
Protein determination 
	 The Bradford method16 was used to 
measure the protein concentration, using bovine 
serum albumin as a reference.
Effect of pH and temperature on the protease 
and its inhibitor activity and stability
	 The optimum pH of S. tricolor HM10 
protease and its inhibitor activity were studied 
by varying pH values (3-13) at 37°C. The 
corresponding pH buffers, 100 mM sodium acetate 
buffer (pH 3-5), 100 mM  potassium phosphate 
buffer (pH 6.0-7.0), 100 mM Tris-HCl buffer (pH 
8.0-9,0), and 100 mM glycine-NaOH buffer (pH 
10-13), were used to create the 1% casein substrate. 
The pH stability was assessed by using the same 
buffers to incubate the enzyme at different pH 
values between 3 and 13 for 12 hours at 4 °C. After 
centrifugation (30 minutes at 12,000 rpm), the 
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remaining protease activity was measured using the 
conventional test procedure. Every measurement 
was made three times.
	 To analyze the effect of temperature, the 
activity of protease and its inhibitor were tested 
at different temperatures (4-100°C) for 30 min at 
the optimum selected pH of 9 and 7, respectively 
from the previous experiment. The thermal stability 
of the activities was evaluated by incubating the 
protease and its inhibitor at different temperatures 
(4-100°C) for 30 min in phosphate buffer (pH 7.0) 
and glycine-NaOH buffer (pH 9.0). The above-
described enzyme assay was used to quantify 
residual protease. Prior to incubation, the enzyme 
was thought to be 100% active.
Storage stability
	 Protease was stored in phosphate buffer 
at 4°C, and protease/inhibitor activity and protein 
concentration were monitored every 7 days.
Effect of metal ions and inhibitors on protease 
and its inhibitor activity
	 CaCl2, MnCl2, ZnSO4, CoSO4, CuSO4, 
NaCl, KCl, FeSO4, and MgSO4 were used to 
examine the impact of different metal ions (5 
mM) on enzyme activity. EDTA, iodoacetate, and 
PMSF were used to investigate their effect on the 
protease and its inhibitor activity. The remaining 
enzyme and inhibitor activity were evaluated after 
their preincubation with metals and chelators for 
30 minutes at 37°C.
Antifungal activity of purified protease as a 
biocontrol agent against some plant pathogenic 
fungi
	 The alkaline protease produced by 
Streptomyces tricolor HM10 was assessed for 
antifungal activity using the agar well diffusion 
method. Potato dextrose agar (PDA) plates were 
prepared and inoculated with fungal pathogens 
(Fusarium oxysporum, Sclerotinia sclerotiorum, 
Aspergillus niger, Rhizoctonia solani, Trichoderma 
spp., and Botrytis cinerea) by evenly spreading 
fungal spores or mycelial fragments onto the agar 
surface.
	 Wells of approximately 6 mm diameter 
were aseptically punched into the agar plates. 
Two different volumes (25 ìL and 50 ìL) of the 
crude alkaline protease enzyme solution were 
added separately into the wells. Plates were then 
incubated at 28 ± 2 °C for 5-7 days, depending on 
the fungal growth rate.

	 To evaluate the protease’s antifungal 
activity, the diameter of the inhibitory zones 
surrounding each well was determined in 
millimetres following incubation. Control wells 
containing sterile buffer or enzyme-free medium 
were included to confirm the specificity of 
inhibition. All experiments were performed in 
triplicate, and mean values were reported.
Trypsin Inhibition Assay Using Gelatin Agar 
Plates
	 A gelatin agar plate protocol adapted from 
common protease diffusion techniques was used 
to measure trypsin inhibitory activity19. In brief, 
gelatin (1% w/v) was dissolved in agar (2% w/v) 
using the proper buffer (such as phosphate buffer, 
pH 7) to create agar plates. After sterilisation, the 
medium was transferred into Petri dishes and left 
to harden. 
	 A sterile cork borer was used to punch 
uniformly sized wells into the gelatin agar. Trypsin 
solutions of varying trypsin (5, 10, 15, and 20 U) 
were prepared, and equal volumes were added 
either alone (trypsin control) or in combination 
with the inhibitor at two concentrations (50 and 
150 mg/L). Plates were incubated at 37 °C for 18-
24 hours to allow enzymatic digestion of gelatin. 
Following incubation, the plates were flooded 
with Bromophenol blue solution to stain the 
intact protein matrix. Excess stain was removed 
by rinsing with distilled water, revealing clear 
zones corresponding to areas of gelatin hydrolysis. 
The diameter of the clear zones was measured 
in millimeters, and inhibition was assessed by 
comparing the zones in the presence and absence 
of inhibitor
DNA extraction and Streptomyces HM10 gene 
amplification by PCR
	 I S P - 4 ’s  m e d i u m  w a s  u s e d  t o 
maintain  Streptomyces tricolor HM10. The 
bacterial culture was grown aerobically at pH 7.3, 
30°C for 24 h for DNA isolation.
	 Genomic DNA was extracted under a 
UV-sterilized laminar flow hood with dedicated 
equipment using QIAamp DNA Micro kits 
(Qiagen) following the manufacturer’s protocol. 
Primers were designed according to the known 
DNA sequence of Streptomyces strain (Streptomyce 
citricolor 212427). Used primer sequences are 
indicated in supplementary Table 1. 
	 The reaction mixture included a reaction 
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buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 0.5 U 
GoTaq DNA polymerase (Promega), 0.4 mM of 
each primer, and 20 ng of genomic DNA. The PCR 
was conducted in a Thermocycler (BioRad) for 
thirty cycles. The following PCR cycling settings 
were employed: 30 cycles of 95°C for 30 seconds, 
58°C for 30 seconds, and 72°C for 1 minute were 
followed by a two-minute initial denaturation at 
94°C. For ten minutes, the last extension was at 
72°C. On an agarose gel, the PCR-amplified genes 
were revealed. 
Agarose Gel Electrophoresis Analysis
	 Agarose gel electrophoresis was used to 
analyse the PCR products. In brief, agarose was 
dissolved in 1× TAE buffer and heated until fully 
melted to create 1% (w/v) agarose gel. The gel was 
poured into a casting tray with a comb to create 
wells after cooling to about 50–55 °C and adding 
0.5 µg/mL of ethidium bromide (or a safe DNA 
dye like Gel Red). 
	 Each PCR product (5 µL) was combined 
with loading dye and added to the wells along 
with a 100 bp DNA ladder. Electrophoresis was 
performed in 1× TAE buffer for 45–60 minutes 
at 90-110 V. A  gel documentation system was 
then used to see DNA bands under UV light. 
Statistical Analysis
	 All experiments were performed in 
triplicate, and results are expressed as mean 
± standard deviation (SD). Statistical analysis 
was carried out using Microsoft Excel 2016 or 
GraphPad Prism version 9 (GraphPad Software, 
San Diego, CA, USA). Differences between means 
were evaluated using one-way analysis of variance 
(ANOVA), and values of p < 0.05 were considered 
statistically significant.

RESULTS 

	 In this study, an extracellular alkaline 
protease and its inhibitor from Streptomyces 
tricolor HM10 were partially purified and 
characterised with interesting medicinal and 
biotechnology implications.
Streptomyces tricolor HM10 Protease and 
Inhibitor Production
	 Three liquid culture media (SMF, ISP-4, 
and King’s Medium B) were evaluated for the 
production of extracellular protease inhibitors 
by Streptomyces tricolor HM10. Based on these 
results, ISP-4 was found to be the most suitable for 
the protease inhibitor production. The fermentation 
time course for protease inhibitor production by 
Streptomyces tricolor HM10 (Fig. 1) showed that 
maximum activity was obtained after 2 days of 
cultivation. Thereafter, a slight decline in activity 
was observed. 
	 Protease production was further evaluated 
in ISP-4 medium in the presence and absence of 
casein as the unique nitrogen source. The effect of 
2% casein on enzyme production was monitored 
over different incubation periods. As shown in Fig. 
2, protease activity increased progressively with 
incubation time, reaching a maximum on the 9th 
day, followed by a gradual decline. The presence of 
casein significantly enhanced enzyme production 
at all time points, with peak activity (~100%) 
observed under Casein+ conditions compared to 
lower levels in its absence. These findings suggest 
that casein acts as an inducer, stimulating protease 
synthesis. 

Table 1. Forward and Reverse primer sequences used in the amplification of 
S. tricolor HM10 protease and protease inhibitor genes

GC 	  Tm 	 Length 	 Sequence (5'–3')	 Primers	 Gene
(%)	 (°C)	 (bp)

52.6   	 62	 19	 GAGTTGACCATGCCGATCA	 FR	 Serine protease
50	 62	 20	 CGGGTTCTTCTCGTTCGATT
60   	 62	 20	 TACAGGCAGACGAAGACCA	 FR	 CPBP family metalloprotease
61.1	 62	 20	 CCTCGGCTTCAACCTCAC
55.6   	 61	 18	 GGCCGTGCTGAAGTACC	 FR	 Protease inhibitor I42 
55.6	 61	 18	 GTGATCGTGAAGACGTAGTACC		  family protein
55.6   	 61	 18	 TGATCACCTCACCGTCGT	 FR	 Subtilase-type protease 
55.6	 61	 18	 CGATCTCGCACCCGTTG		  inhibitor



1838 Aldhali et al., Biomed. & Pharmacol. J,  Vol. 19(2), 1833-1852 (2026)

Fig. 1. Relative inhibitory protease activity of culture supernatants obtained from Streptomyces tricolor HM10 
cultivated on different media (SMF, ISP-4 and King’s B). Data are expressed as mean ± SD (n = 3)

Fig. 2. Relative protease activity of culture supernatants obtained from Streptomyces tricolor HM10 cultivated on 
different ISP-4 media. Data are expressed as mean ± SD (n = 3).

Partial purification of Streptomyces tricolor 
HM10 protease and its inhibitor 
	 The crude extract from S. tricolor HM10 
culture was precipitated with ammonium sulphate, 
dialysed, and put onto an S200 column (89 cm × 2 
cm) previously equilibrated with 20 mM Tris-HCl 
buffer at pH 7. The same buffer was used for the 
chromatography, with a flow rate of 30 mL/h. 3 
mL samples were gathered. The absorbance at 280 
nm as well as the protease and protease inhibitor 
activity at pH 9 and 7 respectively were determined 

for each fraction. The elution profile and the result 
of the partial purification are shown in Fig. 3 and 
table 2.
	 Gel filtration of Streptomyces tricolor 
HM10 crude extract on a Sephacryl S-200 column 
effectively resolved the sample into three distinct 
components (Figure 3). Fractions 1-5 showed 
no detectable protein or enzymatic activity. 
Protease activity eluted in fractions 9-12, peaking 
at fraction 10, whereas the majority of protein 
eluted in fractions 14-18 with minimal associated 
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Fig. 3. Partial purification of Streptomyces tricolor HM10 protease and protease inhibitor using Sephacryl 
S-200 chromatography column (89 cm × 2 cm) pre-equilibrated with 20 mM Tris-HCl, pH 7.0, containing 0.15 M 
NaCl. Proteins were eluted with the same buffer, and 3 mL fractions were collected at a flow rate of 0.5 mL/min. 
Protein elution was monitored spectrophotometrically at 280 nm. Fractions exhibiting protease or protease inhibitor 
activity were pooled and stored at 4°C for further biochemical characterization and molecular analysis.

activity, suggesting non-active proteins. Protease 
inhibitor activity appeared later, in fractions 30-35, 
indicating a smaller molecular size relative to the 
protease. These results indicate that gel filtration 
efficiently separated the protease from its inhibitor, 
confirming that they are distinct molecular entities.
	 As shown in the table 2, we conclude 
that the partial purification results demonstrated 
the successful enrichment of both the protease 
and its inhibitor produced by Streptomyces 
tricolor HM10 through sequential ammonium 
sulfate precipitation, dialysis, and Sephacryl 
S-200 gel filtration. For the protease, the specific 
activity increased progressively from 1.47 U/
mg in the crude extract to 19.59 U/mg after the 
final purification step, corresponding to a 13.32-
fold purification with a final recovery of 52.89%. 
Similarly, the inhibitor specific activity increased 
from 0.84 to 10.88 IU/mg, achieving a 12.95-fold 
purification with 52.04% recovery. Although both 
total protease and inhibitory activities decreased 
gradually during purification due to unavoidable 
losses, the marked increase in specific activity and 
purification fold confirms the effectiveness of the 
purification protocol and successful removal of 
contaminating proteins.

Effect of pH and temperature on the protease 
and its inhibitor activity and stability
	 At 40 °C, the maximum proteolytic 
activity was observed and calculated as 100% 
relative activity. After 30 minutes of protease 
pre-incubation at various pH levels, a bell-shaped 
curve was produced, as seen in Fig. 4A. Over a 
wide pH range (6.0-11), protease activity was 
detected, peaking at pH 9.0. Between pH 6.0 and 
9.0, enzyme activity climbed consistently before 
progressively declining. At pH 8.0, 10, 11, and 12, 
the relative protease activity was 93.54%, 89.24%, 
18.27%, and 10.75%, respectively. Proteases that 
are stable and highly active in alkaline (basic) pH 
are well-suited for environments like detergents or 
certain industrial processes, where conditions are 
not acidic. The fact that activity peaks in this range 
suggests the enzyme’s structure and especially its 
active site is optimized to function under basic 
conditions. On the other hand, the low activity at 
acidic pH likely means the enzyme’s structure is 
being altered (denatured or partially disrupted) 
in those conditions. Changes in pH can affect the 
ionization of amino acids at the active site, which 
is critical for catalysis. If those residues lose the 
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correct charge state, the enzyme can’t function 
properly.
	 The effect of pH on the Streptomyces 
tricolor HM10 protease inhibitor was also 
investigated. As shown in Fig. 4A, maximum 
inhibitory activity was observed at pH 7.0. The 
relative activities at pH 6.0 and 8.0 were about 65 
to 75% and a significant decline in activity was 
detected under acidic conditions, with only 28% 
activity retained at pH 4.0. This reduction suggests 
denaturation of the protease inhibitor at lower pH 
levels, particularly under strongly acidic conditions 
(pH 2.0-3.0). 
	 pH stability studies further demonstrated 
that both the enzyme and its inhibitor retained 
substantial activity over a broad pH range. The 
protease remained stable at pH 8-10 for 24 h, 
retaining nearly 85% activity at pH 7 and 38% at 
pH 11, whereas the inhibitor maintained over 65% 
activity at pH 11 (Fig. 4B). 
	 The enzyme retained 80% and 75% of 
its activity at 40°C and 60°C, respectively, with 
maximum activity observed at 50°C (Fig. 5A). 
Regarding thermal stability, the alkaline protease 
remained completely stable at 50°C for 30 minutes, 
while only a slight reduction in activity was 
observed at higher temperatures, decreasing to 98% 
at 60°C and 90% at 70°C (Fig. 5B). The protease 
activity was decreased with a further increase 
in temperature beyond 50°C due to the thermal 
denaturation of the 3D structure of the protein at a 
higher temperature.
	 The optimal temperature for protease 
inhibitor activity was determined to be 60°C 
(Figure 5A). Within the 40-60°C temperature 
range, protease activity increased. The protease 
inhibitor maintained 70% of its maximum activity 
at 80°C, however at temperatures over 60°C, a 
decrease in inhibitor activity was reported. 
Storage stability
	 The Streptomyces tricolor HM10 protease 
retained 80% of its activity, while its inhibitor 
maintained full activity (100%) during the first 21 
days of storage at 4°C. Remarkably, even after 70 
days, the protease and inhibitor activities remained 
relatively stable at approximately 60% and 90%, 
respectively. Furthermore, protein concentration 
showed minimal variation throughout the storage 
period (Fig. 6). 
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Fig. 4. Effects of pH on Streptomyces tricolor protease and its inhibitor activity and stability.
(A) Optimum pH of activities. (B) pH stability of activities. The graph shows the relative activity versus different 
pH ranging from 3.0 to 12 for partial purified protease and protease inhibitor. Data are expressed as mean ± SD (n 

= 3).

Effect of metal ions and some chemicals on 
Streptomyces tricolor HM10 protease and its 
inhibitor activity 
	 The effect of various monovalent, 
divalent, and trivalent metal ions on protease and its 
inhibitor activity is presented in Table 3. Both the 
protease and its inhibitor were strongly activated 

by Mn²z  and Co²z  at 5 mM, reaching 170% and 
143% for the protease and 162% and 177% for 
the inhibitor, respectively. Moderate activation 
was observed with Kz , Naz , and Fe²z , showing 
126%, 115%, and 112% activity for the protease 
and 110%, 120%, and 130% for the inhibitor at 
the same concentration. In contrast, Hg²z  strongly 
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Fig. 5. Effect of temperature on protease and inhibitor activity (A) and stability (B). Enzyme assay was 
performed at various temperatures (20-100 °C) individually, and relative activity was measured.

The graph shows the relative activity at different temperatures from 20°C to 100°C for determining thermal 
activity and stability of protease and protease inhibitor. Data are expressed as mean ± SD (n = 3).

inhibited both the enzyme and its inhibitor at 5 mM, 
reducing their activity to 5% and 7%, respectively, 
followed by Cd²z , Cr³z , and Ni²z , which decreased 
activity to 11.4%, 23.5%, and 35.1%, respectively 
for the protease and for the inhibitor was 17.5%, 
19.1% and 22.3%. The enzyme and inhibitor were 
relatively stable in the presence of Mn, Mg²z  and 
Cu²z .

The effect of chemicals on protease and its 
inhibitor activity 
	 The results presented in Table 4 indicate 
that the nonionic surfactants Tween 80, Tween 
20, and Triton X-100 reduced protease activity to 
78%, 76%, and 56%, respectively, while having no 
significant effect on the inhibitor, which retained 
95%, 89%, and 85% of its activity. This stability 
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Table 3. Effect of various metal ions (5 
mM) on the activity of protease and protease 

inhibitor from Streptomyces tricolor M10

Ions 	 Protease 	 Inhibitor 
(5 mM)	 Relative 	 Protease 
	 activity (%)	 Relative 
		  activity (%)

None	 100	 100
Ca2+	 98	 95
Mg2+	 97	 98
Fe2+	 112	 130
Mn2+	 170	 162
Cu2+	 94	 96
Ni2+	 35.1	 22.3
Hg2+	 5	 7
Na+	 115	 120
K+	 126	 110
Zn2+	 97	 99
Cd2+	 11.4	 17.5
Co2+	 143	 177
Cr3+	 23.5	 19.1

The activity of the proteases and its inhibitor were 
determined by incubating them in the presence 
of various metal ions for 30 min at optimal 
conditions.

Fig. 6. Residual activity (column) and protein concentration (line) of Streptomyces tricolor HM10 protease and 
its inhibitor in storage condition. 

Data are expressed as mean ± SD (n = 3).

suggests the potential applicability of the alkaline 
protease in the laundry detergent industry. In 
contrast, both the enzyme and its inhibitor were 
completely inactivated by the ionic surfactant 

SDS, highlighting its strong denaturing effect. 
Furthermore, phenylmethylsulfonyl fluoride 
(PMSF) at 5 mM markedly inhibited protease and 
inhibitor activities to 37% and 22%, respectively, 
indicating that the protease produced by 
Streptomyces tricolor HM10 belongs to the serine 
protease family. The metalloprotease inhibitor 
EDTA reduced protease activity by 45% but showed 
no effect on the inhibitor. Similarly, iodoacetate, an 
alkylating agent, inhibited protease and inhibitor 
activities by 35% and 57%, respectively, at 5 mM, 
likely due to its interaction with cysteine residues 
and irreversible modification of sulfhydryl (-SH) 
groups. In contrast, â-mercaptoethanol at 5 mM 
completely inhibited both the enzyme and its 
inhibitor, suggesting that these proteins are thiol-
dependent.
Application of S. tricolor HM10 protease as a 
biocontrol agent against some plant pathogenic 
fungi 
	 The partially purified extracellular extract 
enriched in alkaline protease activity was evaluated 
as a biocontrol agent against several pathogenic 
fungi using Petri dish assays at concentrations 
of 25-50 ìL. The results, presented in Table 5, 
showed that Fusarium oxysporum exhibited the 
largest inhibition zone (80 mm) at 50 ìL of enzyme, 
followed by Sclerotinia sclerotiorum (65 mm), 
while Aspergillus niger and Trichoderma spp. 
showed smaller inhibition zones (38 mm and 34 
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Table 4. Effect of some chemicals on Streptomyces tricolor HM10 protease and its 
inhibitor activity

Relative activity (%)	
Chemical agent Concentration (5 mM)	 Protease	 Protease inhibitors
Control Surfactants 		
Tween 80 	 78	 95
Tween 20 	 76	 86
Triton X-100	 56	 85
SDS 	 0	 0
Inhibitors		
PMSF 	 37	 22
EDTA 	 55	 99
Iodoacetate 	 65	 43
β-Mercaptoethanol 	 3	 0

Table 5. Antifungal activity of protease as a biocontrol 
agent against some plant pathogenic fungi

Pathogenic fungi	 Protease 	 Inhibition 
	 volume (µl)	 zone (mm) 

Aspergillus niger	 25	 24
	 50	 38
Fusarium oxysporum	 25	 67
	 50	 80
Sclerotinia sclerotiorum	 25	 52
	 50	 65
Botrytis cinerea	 25	 7
	 50	 28
Trichoderma spp.	 25	 12
	 50	 34

mm). At 25 ìL, the inhibition zones for all tested 
fungi were reduced compared to those observed 
at 50 ìL. Trichoderma spp. and Botrytis cinerea 
were less sensitive to the enzyme compared to 
the other fungi tested. These findings suggest 
that the alkaline protease has strong potential as a 
biocontrol agent; however, further investigations 
are necessary to confirm its effectiveness on a wider 
scale. 
Inhibitory Effect of S. tricolor HM10 protease 
inhibitor on Human Trypsin Activity
	 The S. tricolor HM10 protease inhibitor 
activity against Human trypsin was evaluated using 
a gelatin agar plate assay stained with bromophenol 
blue (Fig. 7). In this system, proteolytic activity is 
indicated by the formation of clear zones resulting 
from gelatin hydrolysis, whereas intact protein 
retains the blue coloration. Human Trypsin controls 

and Trypsin+inhibitor mixtures (E+I) were assessed 
at two inhibitor concentrations (50 and 150 mg/L) 
across a range of enzyme activities (5, 10, 15, and 
20 U). The control wells exhibited a progressive 
increase in the diameter of hydrolysis zones with 
increasing enzyme concentration, confirming 
expected trypsin activity. In the presence of 
the inhibitor, a reduction in zone diameter was 
observed at all tested conditions, indicating 
inhibition of proteolytic activity. This effect was 
more pronounced at 150 mg/L compared to 50 
mg/L, demonstrating a concentration-dependent 
inhibitory response. Furthermore, inhibition 
was most evident at lower enzyme units and 
decreased with increasing enzyme concentration, 
suggesting partial overcoming of inhibition at 
higher enzyme levels. These results indicate that 
the tested compound exhibits measurable and dose-
dependent inhibitory activity against trypsin.
	 The inhibitory effect was found to be 
concentration-dependent, with higher inhibition 
observed at 150 mg/L compared to 50 mg/L. This 
suggests that the inhibitor interacts with trypsin 
in a dose-dependent manner, likely through the 
formation of enzyme-inhibitor complexes that 
reduce the availability of active enzyme. In 
addition, the results indicated that inhibition was 
more pronounced at lower enzyme concentrations 
and decreased as trypsin activity increased. 
This phenomenon may be explained by the 
stoichiometric nature of many protease inhibitors, 
where a fixed amount of inhibitor becomes 
insufficient to fully neutralize increasing amounts 
of enzyme. At higher enzyme concentrations, 
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Fig. 8. Agarose gel electrophoresis (1%) of PCR-
amplified genes from S. tricolor HM10. 

Lane M:100 bp DNA ladder
Lane 1: Serine protease gene (~200 bp) 
Lane 2: Subtilase-type protease inhibitor (~270 bp)
Lane 3: Protease inhibitor I42 family protein (No PCR 
product was detected)
Lane 4: CPBP family intramembrane metalloprotease 
(~360 bp)

Fig. 7. Gelatin-zymography of Human trypsin in the 
presence and absence of S. tricolor HM10  inhibitors. 
Zymogram gel was stained with Bromophenol blue. 

Lane A. Human trypsin activity at different concentrations; 
Lane B. Human trypsin activity in the presence of 50 
mg/mL of partial purified inhibitors. 
Lane C. Human trypsin activity in the presence of 150 
mg/mL of partial purified inhibitors.

excess trypsin may remain unbound and retain 
catalytic activity, resulting in larger hydrolysis 
zones. 
Amplification of S. tricolor HM10 protease and 
protease inhibitor genes
	 An initial amplification on genomic 
DNA was necessary to characterise the protease 
and protease inhibitor genes of S. tricolour 
HM10. As stated in the material and method 
chapter, we extracted genomic data in this initial 
stage. Spectrophotometry was used to assess the 
concentration of genomic DNA at 260 nm, at 250 
ng/µL. The ratio of readings at 260 nm and 280 nm 
allowed us to estimate the amount of DNA in our 
preparation, which was considered satisfactory as 
the ratio of A260/A280 values was 1.8. The designed 
genes were amplified using a variety of primer 
combinations.
	 Agarose gel electrophoresis (1%) of 
PCR products from S. tricolor HM10 supported 

amplification of genes related to proteolytic 
functions (Fig. 8). Clear bands were observed for 
the serine protease gene (Lane 1), subtilase-type 
protease inhibitor (Lane 2), and CPBP family 
intramembrane metalloprotease (Lane 4), while 
no band was detected for the protease inhibitor 
I42 family protein gene (Lane 3), indicating a 
negative result under the present PCR conditions. 
The absence of amplification may be due to 
gene absence or sequence variation in primer-
binding regions, which is commonly reported 
in Streptomyces species because of their genetic 
diversity. The detected serine protease gene agrees 
with previous studies showing that Streptomyces 
genomes frequently contain serine proteases 
involved in protein degradation and environmental 
adaptation. Subtilisin-type proteases and their 
inhibitors are also widely reported in actinomycetes 
and are known to play a role in regulating proteolytic 
activity. The CPBP family metalloprotease further 
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supports the presence of membrane-associated 
proteolytic systems in this strain. Overall, these 
results support the biochemical data showing active 
protease production and regulation in S. tricolor 
HM10. These observations collectively support 
the role of S. tricolor HM10 as a potential source 
of bioactive proteases and regulatory inhibitors 
with applications in biotechnology and biological 
control.

DISCUSSION

	 Microorganism-derived natural products 
constitute a rich and largely untapped reservoir of 
bioactive compounds and secondary metabolites 
with substantial therapeutic potential.20 These 
molecules are biosynthesized by microorganisms 
as part of their adaptive strategies, enabling them 
to survive, compete, and communicate within 
diverse and often hostile environments.21 Among 
microbial producers, Streptomyces species stand 
out as particularly prolific, having yielded a 
significant proportion of clinically relevant natural 
products, including antibiotics, anticancer agents, 
and immunosuppressants.22-26

	 Given the growing global demand 
for novel and effective therapeutics, especially 
in the face of drug resistance and emerging 
diseases, the discovery and characterization of new 
biomolecules remain a critical priority.27 In this 
regard, protease inhibitors and alkaline proteases 
have garnered increasing attention due to their 
diverse and promising medical applications.28 
Protease inhibitors, in particular, play a pivotal role 
in modulating proteolytic activity and have been 
successfully developed into drugs for managing 
chronic and life-threatening conditions such as 
blood clotting disorders, various forms of cancer, 
and viral infections.29 
	 Proteolytic enzymes (proteases) are 
indispensable to cellular metabolism, participating 
in numerous biochemical, physiological, and 
regulatory processes, including protein turnover, 
signal transduction, and cell cycle control.30 
However, dysregulation of protease activity has 
been implicated in a wide range of pathological 
conditions, including inflammation, tumor 
progression, and viral replication.31 Consequently, 
controlling protease activity through specific 

inhibitors represents a powerful therapeutic 
strategy.
	 Protease inhibitors exert their effects 
by binding to proteases and blocking their 
catalytic activity, thereby preventing excessive 
or inappropriate protein degradation.32 Clinically, 
they have been employed in the treatment of 
coagulation disorders by regulating enzymes 
involved in blood clot formation, in oncology by 
inhibiting proteases that facilitate tumor invasion 
and metastasis, and in antiviral therapy by targeting 
viral proteases essential for viral maturation 
and replication.33 Furthermore, proteases are 
often used in conjunction with non-steroidal 
anti-inflammatory drugs (NSAIDs) to enhance 
therapeutic outcomes, particularly in inflammatory 
conditions.28,34 
	 Overall, the continued exploration 
of microorganism-derived proteases and their 
inhibitors holds great promise for the development 
of innovative and effective treatments across 
a broad spectrum of diseases. In line with this 
objective, the present study aimed to expand 
the existing database of actinomycete-derived 
proteases and their inhibitors for potential industrial 
applications by isolating and characterizing a novel 
alkaline extracellular protease and its corresponding 
inhibitor from Streptomyces tricolor HM10 
(native to Qassim, Saudi Arabia).The possibility 
of using Streptomyces for protease production 
has been investigated because of their capacity 
to secrete the proteins into extra cellular media, 
which is generally regarded as safe with food and 
drug administration (GRAS). Streptomyces sps 
that produce proteases include S. clavuligerus, 
S. griseus, S. rimouses, S. thermoviolaceus, S. 
thermovulgaris.13-15

	 The present study demonstrates that ISP-4 
medium is optimal for protease inhibitor production 
by Streptomyces tricolor HM10, indicating that 
nutrient composition strongly influences secondary 
metabolite synthesis. The early peak in inhibitor 
production (day 2) suggests an association 
with the transition to the stationary phase. This 
observation is consistent with previous studies 
showing that enzyme and metabolite production in 
actinomycetes is strongly dependent on incubation 
time and growth phase. Mehta et al.35 reported 
that alkaline protease production by alkaliphilic 
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actinomycetes reached a maximum after an 
optimal incubation period and declined thereafter. 
Likewise, Wahid et al.36 demonstrated that 
extracellular protease production by Streptomyces 
bikiniensis is influenced by incubation time, with 
peak activity followed by a decrease due to changes 
in physiological conditions. Similarly, Gibb and 
Strohl37 reported that maximum protease inhibitor 
production in Streptomyces peucetius occurs after 
approximately 100 h of cultivation during the 
stationary phase, supporting the growth-linked 
regulation of enzyme-related metabolites observed 
in this study. 
	 In contrast, protease production reached 
its maximum at day 9, particularly in the presence 
of casein, indicating inducible enzyme synthesis. 
Casein likely acts as both a nitrogen source and 
an inducer, enhancing protease production. This 
observation agrees with earlier findings reported 
for Streptomyces bikiniensis, Streptomyces 
pseudogrisiolus NRC 15, and other alkaliphilic 
actinomycetes,35-37 confirming that protease 
synthesis in Streptomyces species is often substrate-
induced.
	 The  par t ia l  pur i f ica t ion  resu l t s 
demonstrated the successful enrichment and 
separation of both the protease and its inhibitor 
produced by Streptomyces tricolor HM10 through 
sequential ammonium sulfate precipitation, 
dialysis, and Sephacryl S-200 gel filtration 
chromatography. For the protease, the specific 
activity increased progressively from 1.47 U/
mg in the crude extract to 19.59 U/mg after 
the final purification step, corresponding to a 
13.32-fold purification with a recovery yield of 
52.89%. Similarly, the inhibitor specific activity 
increased from 0.84 to 10.88 IU/mg, resulting in 
a 12.95-fold purification with 52.04% recovery. 
Although the total activities decreased gradually 
during purification due to unavoidable losses 
during processing and chromatography, the 
substantial increase in specific activity indicates 
efficient removal of contaminating proteins and 
successful enrichment of the target biomolecules. 
Furthermore, the successful separation of the 
protease and its inhibitor by Sephacryl S-200 gel 
filtration chromatography confirms that they are 
distinct molecular entities with different molecular 
sizes. The earlier elution of the protease compared 
to the inhibitor suggests a larger molecular 

weight, which is consistent with previously 
reported molecular weights of Streptomyces 
proteases (30-45 kDa) and protease inhibitors 
(10–12 kDa).38-40 These findings demonstrate the 
effectiveness of size-exclusion chromatography in 
resolving enzyme-inhibitor systems and support 
the suitability of the partially purified fractions for 
further biochemical characterization and potential 
biotechnological or pharmaceutical applications.
	 The protease exhibited optimal activity 
at pH 9.0, confirming its alkaline nature. Similar 
pH optima have been reported for proteases for 
several Streptomyces strains, with optimal pH 
values generally ranging between 8.0 and 10 
such as from Streptomyces sp. DP2, Streptomyces 
spp. G157, and Streptomyces sp. CN902.41-

43Comparable findings were also reported for 
Streptomyces griseus (pronase),29,44 Streptomyces 
sp. GS-1(optimum pH 8.5)45, Streptomyces sp. M30 
(pH 9.0)46, and Streptomyces mutabilis (pH 10),47 
which exhibit optimal activity in the alkaline range 
	 However, proteases with neutral optima 
have also been described, such as those from 
Streptomyces sp. CNXK10048, highlighting the 
diversity within this genus. In contrast, Touioui-
Boulkour et al.,49 reported optimal activity at higher 
alkaline pH values (10-12), indicating species-
specific variation.
	 The protease inhibitor showed optimal 
activity at pH 7.0, which aligns with reports that 
most Streptomyces protease inhibitors are active at 
neutral to slightly alkaline pH (7.0-8.5),50 such as 
produced by Streptomyces lavendulae that shows 
maximum activity at pH 8.0.50 However, some 
inhibitors such as pepstatin exhibit optimal activity 
under acidic conditions (pH 3.0-5.0),51 reflecting 
variability depending on the target protease 
highlighting functional diversity among protease 
inhibitors across different biological sources.
	 Both protease and inhibitor exhibited 
broad pH stability, retaining activity across a wide 
pH range. The protease remained stable at pH 8-10 
for 24 h, retaining nearly 85% activity at pH 7 and 
38% at pH 11, whereas the inhibitor maintained 
over 65% activity at pH 11. This observation is 
in agreement with Si et al.,52 although differences 
compared to Xin et al.46 and Touioui-Boulkour et 
al.49 highlight species-specific adaptations.
	 Temperature activity analysis revealed 
that the protease has an optimum at 50°C and 
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retains stability at elevated temperatures. Similar 
thermal characteristics have been reported for 
proteases from Streptomyces clavuligerus and other 
Streptomyces species, with optimal temperatures 
ranging between 55-70°C.51,53,54 The protease 
inhibitor also demonstrated high thermostability, 
maintaining significant activity up to 80°C, 
exceeding that reported for some Streptomyces 
inhibitors such as for Streptomyces spp. VL J2.55

	 To the best of our knowledge, not much 
study has been done on the stability of the partial 
purified Streptomyces proteases and inhibitor 
during storage. However, a few Bacillus-derived 
proteases that maintained 80-90% activity after two 
months at 4°C are similar to the S. tricolor HM10 
protease storage stability.56,57

	 The activation of S. tricolor HM10 
protease and inhibitor by Mn²z  and Co²z  suggests 
a role for metal ions in enzyme stabilization or 
catalytic enhancement. This result highlights the 
enzyme’s potential application in environments 
with heavy metals. Similar effects have been 
reported in Streptomyces and other bacterial 
systems.49,58-60 In S. clavuligerus Mit-1, Ca²z  and 
Cd²z  increased protease activity up to 140%.52,59,61 
Similarly, Touioui-Boulkour et al.49 observed that 
Ca²z , Mg²z , and Mn²z  enhanced protease activity 
from Streptomyces spp. AH4 to 200%, 150%, and 
130%, respectively.52,58,62 In Geobacillus toebii 
LBT77, Ca²z  and Mg²z  stimulated protease 
activity, whereas the enzyme remained stable with 
Mn²z , Naz , Kz , and Cu²z .51In contrast, strong 
inhibition by Hg²z  and Cd²z  indicates sensitivity 
of essential functional groups, likely thiol residues, 
to heavy metal interaction.
	 The enzyme and its inhibitor were 
completely inactivated by the ionic surfactant 
SDS, indicating its denaturing effect (Table 4). 
This observation agrees with previous studies 
on alkaline serine proteases from Streptomyces 
spp.,58 Streptomyces spp. A652 and S. flavogriseus 
HS.63 However, Touioui-Boulkour et al.49 reported 
that SDS at 2% enhanced the activity of alkaline 
proteases from Streptomyces spp. AH4 up to 110%.
	 PMSF at 5 mM strongly inhibited the 
protease and inhibitor activity to 37% and 22%, 
respectively, indicating that S. tricolor HM10 
belongs to the group of serine proteases. The 
metalloprotease inhibitor EDTA reduced protease 
activity by 45% but had no effect on the inhibitor. 

Iodoacetate, an alkylating agent, inhibited protease 
and inhibitor activity by 35% and 57%, respectively, 
at 5 mM, likely due to its interaction with cysteine 
residues and irreversible modification of sulfhydryl 
(-SH) groups. These findings are consistent with 
reports on proteases from Streptomyces spp., 
Streptomyces spp. A6, S. flavogriseus HS1, and 
Streptomyces spp. AH4.49, 54, 59, 63 while complete 
inhibition by â-mercaptoethanol indicates the 
importance of thiol groups in maintaining enzyme 
structure. Comparable observations have been 
reported for proteases from Geobacillus toebii 
LBT77.61

	 The observed antifungal activity 
highlights the potential of this partial purified 
protease as a biocontrol agent. Strong inhibition of 
Fusarium oxysporum is consistent with previous 
studies demonstrating that Streptomyces-derived 
proteases can suppress fungal pathogens.49,53,64 
Differences in sensitivity among fungal species 
may reflect variations in cell wall composition or 
resistance mechanisms. These results suggest that 
the protease may have potential as a biocontrol 
agent. Furthermore, the partial purified protease’s 
stability of conservation at room temperature under 
field conditions indicated that it might also be used 
in agricultural settings. However, because the 
antifungal assays were performed using partially 
purified fractions, the contribution of additional 
bioactive metabolites cannot be excluded. Further 
studies using fully purified protease fractions 
are required to confirm whether the observed 
antifungal activity is specifically attributable to the 
protease activity.
	 The protease inhibitor exhibited 
concentration-dependent inhibition of trypsin, 
which is characteristic of reversible or competitive 
inhibition. Similar dose-dependent inhibition 
patterns have been reported for microbial protease 
inhibitors, particularly those from Streptomyces 
species.¹p  The reduced inhibitory effect at higher 
enzyme concentrations supports a stoichiometric 
interaction between enzyme and inhibitor.65

	 Finally, molecular analysis confirmed 
the presence of genes encoding serine protease, 
subtilase-type inhibitor, and metalloprotease, 
supporting the biochemical findings. The absence 
of amplification for the I42 inhibitor gene may 
be attributed to genetic variability or sequence 
divergence, which is commonly observed in 
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Streptomyces species66,67 where protease and 
inhibitor genes are commonly linked to biocontrol 
and environmental survival. These observations 
collectively support the role of S. tricolor HM10 
as a potential source of bioactive proteases 
and regulatory inhibitors with applications in 
biotechnology and biological control.

CONCLUSION

	 Streptomyces tricolor HM10 produces 
a functionally active extracellular protease and 
a corresponding protease inhibitor with distinct 
biochemical properties. Both molecules are stable 
over a wide range of pH, temperature, and storage 
conditions, indicating strong environmental 
adaptability. The enzyme exhibits characteristics 
of an alkaline serine protease with industrial 
relevance, particularly due to its stability in 
surfactants and activity at elevated temperatures. 
The inhibitor shows specific and concentration-
dependent inhibition of trypsin, suggesting 
regulatory and biotechnological potential. The 
observed antifungal activity highlights its possible 
application in biological control of phytopathogens. 
Molecular analysis confirmed the presence of key 
protease-related genes, supporting biochemical 
findings and indicating a genetically diverse 
proteolytic system in this strain. Collectively, these 
results suggest that S. tricolor HM10 is a valuable 
candidate for enzyme production and agricultural 
biocontrol applications.
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