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A B S T R A C T   

Saudi Arabia suffers from the spread of diseases linked to clotted blood leaking from slaughtered livestock. 
Anticoagulant proteases produced by Streptomyces are used to safely dissolve clotted blood. Halophilic Strepto
myces isolates were extracted from saline soil in Saudi Arabia and tested to dissolve clotted blood by protease. 
The most protease-producing isolate was identified using classical and genetic methods. The protease was 
precipitated with saturated ammonium sulfate from a batch of blood clots inoculated with the most protease- 
producing isolates. Streptomyces isolates (410) were recovered from thirty saline soil samples collected from 
Dammam (170 isolates, 41.4 %), Al-Khobar (126 isolates, 30.8 %) and Al-Ahsa (114 isolates, 27.8 %). Proteolytic 
activity was observed in 305 isolates including the most protease-producing isolate S295, which showed the 
highest activity (33.8 mm), and was identified as S. violaceoruber (99 % similarity). Among all isolates, 241 
showed partial hemolysis (alpha) and 64 showed complete hemolysis (beta), including isolate S295 that pre
sented the highest hemolytic activity (0.58 %). The alkaline protease was precipitated with saturated ammonium 
sulfate (60 %), and it was found that its activity was 5.2 U/ml, total activity 24,960 U/ml, specific activity 463 
U/mg, purification fold 15.2 and yield 78 %. The purified alkaline protease was electrophoresed as a single band 
at 45 kDa.   

1. Introduction 

During the slaughter of livestock and blood transfusion, the blood 
coagulates, because fibrinogen is oxidized in the air into fibrin fibers. 
Clotted blood poses a major problem, as pathogenic bacteria grow and 
spread, causing serious diseases. Therefore, dissolving clotted blood is 
an essential biotechnological approach to prevent the proliferation of 
pathogenic bacteria and the spread of related diseases. Anticoagulant 
proteases are produced by various microbes, including actinomycetes, 
especially Streptomyces that effectively dissolve clotted blood in a safe 
and hygienic manner (Kearney et al., 2022). Protease is the first line of 
anticoagulation even before heparin and its derivatives, because it 
directly dissolves blood clots in a short time (Farwa et al., 2021). 
Leaving or improperly disposing of clotted blood leads to overgrowth of 
pathogenic bacteria and outbreaks of infectious diseases. Moreover, the 
slaughter of sick livestock suffering from septicemia leads to the spread 

of zoonotic diseases, especially if the blood is not treated (Gummow, 
2023). Clotted blood is usually associated with chronic diseases that 
aren’t diagnosed during examination (Rustem and John, 2023). 
Escherichia coli and Mycobacterium paratuberculosis as Gram-negative 
bacteria and Bacillus anthracis and MRSA as Gram-positive bacteria are 
the most common pathogenic bacteria associated with untreated clotted 
blood. Cloning of the encoded gene in E. coli through ideal environ
mental conditions led to large-scale production on a large industrial 
scale (Chitte et al., 2011). Untreated clotted blood contaminated with 
BLV leads to transmission of infection to animals and humans, causing 
leukemia in livestock and breast and lung cancer in humans (Gertrude 
et al., 2019). 

Proteases are usually the first anticoagulants among fibrinolytic en
zymes, because they do not cause adverse effects, such as bleeding, 
immunostimulants, and are expensive (Asha et al., 2022). Other fibri
nolytic enzymes degrade fibrin fibers either indirectly such as urokinase 
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or directly such as lumbrokinase (Nakae et al., 2022). S. rimosus pro
duces a peak of fibrinolytic enzymes within three days and declines with 
a prolonged period (Rui et al., 2019). S. megasporus produces a ther
mostable actinokinase that remains active over a wide pH range and 
dissolves blood clots in a short time. Hence, proteases are of great 
importance in the medical field, because they are used as powerful an
ticoagulants, which effectively prevent or treat cardiovascular diseases 
which are the primary cause of blood clots (Yusuf et al., 2020). This 
study aims to dissolve clotted blood from slaughtered cattle using the 
alkaline protease produced by Streptomyces as one of the effective 
fibrinolytic enzymes. 

2. Materials and methods 

2.1. Soil sampling 

Dammam, Al-Khobar and Al-Ahsa in Saudi Arabia were targeted as 
saline areas, where 30 soil samples were collected. The surface layer of 
soil was removed and the soil sample was taken to a depth of 10 cm and 
placed in a sterile polyethylene bag. Soil samples were air-dried for 48 h 
at room temperature and then mixed with calcium carbonate as a lignin 
peroxidase mediator and salt buffer. 

2.2. Isolation and identification of Streptomyces 

2.2.1. Isolation 
Streptomyces isolates were recovered from saline soil samples using 

the dilution plate technique (Waksman, 1961). Ten grams of dry soil 
were suspended in 100 ml of sterile distilled water and shaken vigor
ously. The soil suspension was filtered through a sterile cotton cloth, and 
the filtrate was serially diluted to 10− 4. Starch nitrate agar plates (pH 
8.0) were inoculated with a ring of each diluted aliquot and then incu
bated at 35 ◦C for 7 days. Each separate colony was picked indepen
dently and cultured on a starch nitrate agar plate and incubated at 35 ◦C 
for 7 days. Pure cultures were kept at 4 ◦C for 1 month and then cultured 
periodically to avoid loss of the cultures. 

2.2.2. Classical identification 
Classical identification of Streptomyces was performed according to 

Cowan and Steel (1974). Streptomyces isolate was grown on inorganic 
salt starch agar (ISP4) for scanning electron micrograph. The culture 
was fixed in glutaraldehyde (2.5 % w/v), washed with water, and then 
fixed in osmium tetroxide (1 % w/v) for 1 h. The sample was washed 
twice with water and dehydrated in ascending ethanol before drying in a 
critical point dryer (Polaron E3000) and finally coated with gold and 
examined in a JEOLISM 541OLV scanning electron microscope at 15 kV. 

2.2.2.1. Diaminopimelic acid detection. Ten mg of dried cells of a Strep
tomyces isolate were lysed for 18 h in 1 ml of 6 N HCl in a sealed Pyrex 
tube at 100 ◦C in a sand bath. After cooling, the tubes were opened and 
their contents were filtered through filter paper (Whatman No. 1). The 
sediment was washed with 3 drops of distilled water and the filtrate was 
dried 3 successive times in a water bath to remove hydrochloric acid, the 
remaining material was taken into 0.3 ml of distilled water and 20 μl of 
the liquid was loaded onto the filter paper (Whatman No. 1). A 10 μl spot 
of a 0.01 M mixture of meso-DAP and L-DAP was loaded onto chro
matographic paper to run alongside the sample to serve as a reference 
standard. Stepdown chromatography was performed overnight using a 
solvent system (methanol–water-10 N HCl-pyridine) at a ratio of 
80:175:2.5:10 (v/v). Amino acids were detected by air-dried spray 
chromatography with 0.2 % (w/v) ethanolic ninhydrin followed by 
heating for 2 min at 100 ◦C. DAP stains olive green to yellow, while other 
amino acids in the hydrolase give purple stains with this reagent and 
DAP agitation. L-DAP moves faster than meso-DAP (Becker et al., 1964). 

2.2.3. Genetic identification 
The 16S rRNA gene was sequenced using PCR and phylogeny was 

performed using BLAST analysis. Universal primers of 27f (5′-AGA GTT 
TGA TCC TGG CTC AG − 3′) and 1525r (5′-AAG GAG GTG ATC CAG CC- 
3′) were used for 16S rRNA gene sequencing, where specific conditions 
exist; 35 cycles of 94 ◦C for 5 min and 60 s, followed by 55 ◦C for 60 s, 
72 ◦C for 90 s and 72 ◦C for 5 min. For phylogeny, the Ribosomal 
Database Project’s CHECK CHIMERA (https://rdp.cme.msu.edu/html/) 
programme was used to check for potential chimeric artefacts. Sequence 
data were analyzed using the ARB software package version. 

2.3. Screening of Streptomyces isolates 

Streptomyces isolates were screened for proteolytic activity, and 
protease production was detected by casein hydrolysis on skim milk agar 
(Mihara et al., 1991). 

2.4. Blood sampling 

Ten blood samples were drawn from cattle during slaughter, with 
each 10 cm sample drawn using a syringe, which was immediately 
sealed, placed in an ice bag, and transported to the laboratory. 

2.5. Blood hemolysis 

One hundred millimeters of nutrient agar (Difco, USA) was prepared 
in Erlenmeyer flasks and autoclaved. A sterile blood sample (10 ml) was 
added to each Erlenmeyer flask, gently shaken to avoid bubble forma
tion, then poured into Petri dishes, and left overnight at room temper
ature. Uncontaminated plates were inoculated with the Streptomyces 
isolate, and incubated at 37 ◦C for 24 h. Hemolysis was observed as clear 
or green zones around the colonies (Collins and Lynee, 1995). 

2.6. Hemolytic activity assay 

The percentage hemolytic activity was evaluated according to Hei
darian et al. (2019). The blood sample was centrifuged at 3500g for 15 
min, the pellet containing RBCs was pooled and washed three times with 
phosphate buffer (pH 7.4). Bacterial suspensions were prepared at 
different concentrations (40, 20, 10, 5.0, 2.5 mg/ml). The bacterial 
suspension (500 µl) was added to RBCs, and the mixtures were incubated 
for 1 h at 37 ◦C and centrifuged at 1500g for 5 min. The optical density of 
the supernatants was measured at 545 nm using a UV–visible-spectro
photometer. Ferrous sulfate solution (65 mM) was used as a positive 
control, while phosphate buffer solution was used as a negative control 
(Chalasani et al., 2015). 

Hemolysis % =
(OD)test − (OD)negative control

(OD)positive control − (OD)negative control
× 100  

2.7. Protease production 

Extracellular protease produced by Streptomyces isolate was extrac
ted using a sterile blood batch during submerged fermentation at 37 ◦C 
and 140 rpm for 48 h. Streptomyces isolate was grown on glucose 
peptone yeast-extract agar (glucose 5 g, peptone 5 g, yeast extract 3 g, 
distilled water 1000 ml, pH 8.0). The autoclaved medium was poured 
into Petri plates and left to solidify. Agar plates were blotted with 1 ml of 
homogenized suspension of Streptomyces isolate and incubated at 30 ◦C 
for 7 days. Five liters of blood were distributed into five flasks (2 L), each 
flask containing 1 L. All flasks were inoculated with 7-day-old Strepto
myces culture (2 × 104 CFU/ml) and incubated with shaking at 37 ◦C and 
140 rpm for 48 h. Streptomyces suspensions were pooled and filtered 
through a sterile cotton swab to harvest dense mycelia. The crude 
extract was centrifuged at 4 ◦C and 5000 rpm for 10 min to remove the 
cell-containing pellet and retain the protease-containing supernatant 
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(cell free extract) (Chitte et al., 2011). 

2.8. Protease purification 

Different concentrations of saturated ammonium sulfate (10 % to 90 
%) were added to the cell free extract containing protease. In each 
concentration fraction of saturated ammonium sulfate, the required 
parameters were evaluated including protease activity (U/ml), total 
activity (U/ml), total protein content (mg/ml), specific activity (U/mg), 
purification fold and yield (%) (Lowry et al., 1951; Abdulkhair, 2012). 
The protease-containing fraction was dialyzed overnight against phos
phate buffer (pH 8.0) at 4 ◦C and then delivered to compact ion ex
change column chromatography using diethyl aminoethyl cellulose 
(DEAE). Elution was performed using the same buffer and with a NaCl 
gradient (0.1 M to 0.6 M) (Andrews, 1964). The protease activity of the 
dilution fractions (each) was tested, and the active fractions were 
pooled, dialyzed against the same buffer overnight at 4 ◦C, and then 
delivered to a compact gel filtration column chromatography using 
Sephadex G-200 (Hames and Richwood, 1985). The active fractions 
were pooled and dialyzed under the same conditions to concentrate the 
protease. Electrophoresis of purified protease was determined using 
PAGE after staining with Coomassie brilliant blue (Laemmli, 1970). 

3. Results 

Thirty saline soil samples were collected from Dammam, Al-Khobar 
and Al-Ahsa in Saudi Arabia. The recovered Streptomyces isolates (410) 
were found to have various colored mycelial masses (Table 1). In 
Dammam, 170 isolates (41.4 %) were recovered, including 72 Gy iso
lates (42.4 %), 49 white (28.8 %), 24 green (14.1 %), 17 red (10 %) and 
8 yellow (4.7 %). In Al-Khobar, 126 isolates (30.8 %) were recovered, 
including 43 Gy isolates (34.1 %), 47 white (37.3 %), 10 green (7.9 %), 8 
red (6.3 %) and 18 yellow (14.3 %). In Al-Ahsa, 114 isolates (27.8 %) 
were recovered from, including 40 Gy isolates (35.1 %), 31 white (27.2 
%), 20 green (17.5 %), 14 red (12.2 %) and 9 yellow (8.0 %). Halophilic 
Streptomyces bacteria showed a dense community in saline soil during 
winter due to high relative humidity and low temperature. It was found 
that gray isolates were more abundant (35.1 %) than white (27.2 %), 
green (17.5 %), red (12.2 %) and yellow (8.0 %) isolates. 

Streptomyces isolates (410) were screened for their proteolytic ac
tivity using skim milk agar, where 305 isolates showed proteolytic ac
tivity (Table 2). The lowest proteolytic activity (4.6 mm) appeared in 
isolates (S61 to S83) and (S126 to S189), while the highest proteolytic 
activity (33.8 mm) appeared in isolate S295. It was found that the 
proteolytic activity of isolates (S2 to S7), (S212 to S266) and (S296 to 
S305) was 12.4 mm, 12.6 mm and 12.8 mm, respectively. It was found 
that the proteolytic activity of isolates S84, S8, (S190 to S211), (S267 to 
S294), (S33 to S60), (S85 to S117), S1, (S118 to S125) and (S9 to S32) 
was 29.8 mm, 21.8 mm, 20 mm, 16.6 mm, 15.4 mm, 11.2 mm, 9.6 mm, 

8.0 mm and 7.2 mm, respectively. The most effective isolate, S295, 
showed a gray mycelial mass (Fig. 1) on the surface of starch nitrate agar 
and was identified using the classical method by which cultural, 
morphological and physiological characteristics were determined 
(Table 3). In tryptone yeast extract broth (ISP1), good gray growth with 
colorless substrate mycelia and non-diffusible pigment appeared. On 
yeast-malt extract agar (ISP2), good gray growth with brown substrate 
mycelia and a creamy diffusible pigment appeared. Isolate S295 showed 
good gray growth with brown substrate mycelia and a light-brown 
diffusible pigment on oatmeal extract agar (ISP3) and inorganic salt 
starch agar (ISP4). On glycerol asparagine agar (ISP5), isolate showed 
poor white growth with brown substrate mycelia and non-diffusible 
pigment. On peptone yeast extract iron agar (ISP6) and tyrosine agar 
(ISP7), isolate showed good gray growth with brown substrate mycelia 
and a brown diffusible pigment. Isolate S295 showed spiral spore chains 
containing elliptical spores with a smooth surface (Fig. 2). It was 
observed that the isolate was non-motile and produced amylase, pro
tease, catalase and nitrate reductase, while it was unable to produce 
lipase. It was found that isolate S295 was unable to produce melanoid 
pigment and hydrogen sulfide, and was unable to degrade xanthine and 
esculin. It was observed that the isolate contained LL-DAP in its cell wall 
and grew well on agar medium containing up to 15 % NaCl. Growth of 
the isolate was inhibited by streptomycin and amoxicillin (250 µg/ml) 
due to the absence of chromosomal and extrachromosomal resistance 
genes. D-glucose, D-fructose, D-galactose and sucrose as carbon sources 
and L-valine, L-alanine, L-lysine and L-proline as nitrogen sources were 

Table 1 
Precise inventory for Streptomyces isolates recovered from saline soils.  

District Total no. 
of isolates 

Color series of aerial mycelia 

Gray White Green Red Yellow 

Dammam 170 (41.4 
%) 

72 
(42.4 
%) 

49 
(28.8 
%) 

24 
(14.1 
%) 

17 (10 
%) 

8.0 (4.7 
%) 

Al-Khobar 126 (30.8 
%) 

43 
(34.1 
%) 

47 
(37.3 
%) 

10 (7.9 
%) 

8.0 
(6.3 %) 

18 
(14.3 
%) 

Al-Ahsa 114 (27.8 
%) 

40 
(35.1 
%) 

31 
(27.2 
%) 

20 
(17.5 
%) 

14 
(12.2 
%) 

9.0 (8 
%) 

Total 
Number 

410 (100 
%) 

155 
(37.8 
%) 

127 
(31 %) 

54 
(13.2 
%) 

39 
(9.5 %) 

35 (8.5 
%)  

Table 2 
Screening of Streptomyces isolates for protease production.  

Isolate Proteolytic activity (mm) on skim milk agar 

Plate 1 Plate 2 Plate 3 Plate 4 Plate 5 Mean 

S1 10 8 12 10 8 9.6 
S2 − S7 15 10 10 12 15 12.4 
S8 22 22 20 25 20 21.8 
S9 − S32 5.0 8.0 8.0 10 5.0 7.2 
S33 − S60 17 15 17 13 15 15.4 
S61 − S83 3.0 5.0 5.0 3.0 7.0 4.6 
S84 30 25 32 32 30 29.8 
S85 − S117 11.0 15.0 12.0 11.0 7.0 11.2 
S118 − S125 7.0 10 11 5.0 7.0 8.0 
S126 − S189 3.0 5.0 5.0 7.0 3.0 4.6 
S190 − S211 20 18 22 20 20 20 
S212 − S266 10 15 15 15 8.0 12.6 
S267 − S294 15 18 18 20 12 16.6 
S295 35 32 32 35 35 33.8 
S296 − 305 10 12 12 15 15 12.8  

Fig. 1. Vertical view of a Streptomyces isolate S295 on starch nitrate agar.  
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assimilated by isolate S295, while mannitol and L-histidine were not 
assimilated. Based on classical methods, isolate S295 was identified as 
S. violaceoruber, and based on the genetic method represented by 16S 
rRNA gene sequencing, isolate S295 was observed to be 99 % similar to 
S. violaceoruber EA169 (MW642124) as described in GenBank (Fig. 3). 

Of all the protease-producing isolates, 241 showed α-hemolysis and 
64 showed β-hemolysis, including isolate S295. Protease-producing 
isolates showed varying ratios of hemolytic activity (Fig. 4). Isolates 
S1 and S2 showed 0.23 % hemolytic activity, while isolates S19, S129 
and (S262 to S274) showed 0.24 % hemolytic activity. Isolates S4, S23, 
and (S71 to S93) showed hemolytic activity of 0.22 %, 26 %, and 0.27 %, 
respectively. Isolates S2, S22 and S130 showed hemolytic activity of 
0.15 %, while isolates (S94 to S128) and (S238 to S261) showed he
molytic activity of 0.13 %. Isolates S21 and (S52 to S70) showed 

hemolytic activity of 0.14 % and 0.17 %, respectively. Isolates S3, (S5 to 
S17) and (S296 to S304) showed hemolytic activity of 0.11 %, while 
isolates S18 and S24 showed hemolytic activity of 0.31 %. Isolates S25 
and (S275 to S294) showed hemolytic activity of 0.33 % and 0.35 %, 
respectively. The lowest percentage of hemolytic activity (0.08 %) was 
produced by isolates (S26 to S51) and S305. The highest percentage of 
hemolytic activity (0.58 %) was produced by isolate S295 followed by 
isolates (S208 to S237) (0.44 %), (S187 to S207) (0.42 %), (S165 to 
S186) (0.41 %) and (S131 to S164) (0.40 %). 

The protease was precipitated with 60 % saturated ammonium sul
fate (Table 4), with an activity of 5.2 U/ml, total activity of 24,960 U/ 
ml, specific activity of 463 U/mg, purification fold of 15.2, and yield of 
78 %. The specific activity of the homogenate was low (30.4 U/mg) due 
to the presence of impurities, while the specific activity of the precipi
tated protease was high (463 U/mg) indicating high purity associated 
with a 15.2-fold and 78 % yield. The fraction containing the precipitated 
protease was dialyzed overnight at 4 ◦C against phosphate buffer (pH 
8.0), purified using ion-exchange column chromatography (Fig. 5a) and 
eluted by phosphate buffer (pH 8.0). It was found that the active frac
tions were numbered from 18 to 20, pooled, dialyzed and purified using 
gel filtration column chromatography filled with sephadex G-200 
(Fig. 5b) and eluted by phosphate buffer (pH 8.0). It was found that the 
active fractions were numbered 25 and 26, and they were pooled and 
dialyzed to concentrate. The purified protease was electrophoresed as a 
single band at 45 kDa. 

4. Discussion 

Halophilic Streptomyces isolates recovered from saline soils in Saudi 
Arabia showed variable distribution and diverse cultural characteristics 
based on collection site and mycelial mass color, respectively. Verma 
et al. (2022) reported that robust microbes that survive in extreme en
vironments, including saline soil are a key aspect of new biotechnology, 
due to their ability to produce active metabolites with unique features. 
Actinobacteria reproduce intensively in soil during winter due to high 
relative humidity and low temperature. Meklat et al. (2020) 

Table 3 
Typical phenotypic characteristics of Streptomyces isolate S295.  

Item Test Result 

Growth rate Color of mycelia Color of the diffusible pigment 

Aerial Substrate 

Cultural characteristics Growth on ISP-1 Good Gray None Not produced 
Growth on ISP-2 Good Gray Brown Cream 
Growth on ISP-3 Good Gray Brown Light brown 
Growth on ISP-4 Good Gray Brown Light brown 
Growth on ISP-5 Poor White Brown Not produced 
Growth on ISP-6 Good Grey Brown Brown 
Growth on ISP-7 Good Grey Brown Brown  

Morphological characteristics Gram staining Positive 
Spore chain color Light gray 
Spore chain shape Spiral 
Spore shape Ellipsoidal 
Spore surface Smooth 
Motility Not motile  

Physiological characteristics Amylase, protease, catalase, nitrate reductase Positive 
Lipase, melanoid pigment, hydrogen sulfide Negative 
Xanthine and esculin degradation Negative 
Diaminopimelic acid (DAP) LL-DAP 
NaCl tolerance (up to 15 %) Positive 
Streptomycin and amoxicillin resistance Negative 
D-glucose, D-fructose, D-galactose, Sucrose Positive 
Mannitol Negative 
L-valine, L-alanine, L-lysine, L-proline Positive 
L-histidine Negative  

Fig. 2. Scanning electron micrograph showing the morphological characteris
tics of Streptomyces isolate S295. 
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demonstrated that a large and diverse community of actinobacteria, 
especially Streptomyces habits of saline soil. Halophilic Streptomyces 
displays unique physiological characteristics due to the harsh environ
mental conditions. Halophilic Streptomyces produces robust metabolites, 
such as hydrolytic enzymes and antimicrobial agents (Tong et al., 2016). 
Yamei et al. (2022) stated that, halophilic S. paradoxus D2-8 exhibits 
several activities, including promoting plant growth and providing 
halotolerance activity and alkalinity tolerance to sensitive plants to be 

able to grow under high salinity and alkalinity. 
Several halophilic Streptomyces isolates (305) showed proteolytic 

activity, and the most powerful isolate S295 was identified as 
S. violaceoruber. A novel Streptomyces strain exhibits a peak proteolytic 
activity on skim milk agar at 40 ◦C and pH 8.0 (Boughachiche et al., 
2016). Sufficient production of alkali metalloprotease by S. griseoflavus 
PTCC1130 is induced on medium containing zinc ion which stimulates 
proteolytic activity (Singhal et al., 2012). Proteolytic activity and 

Fig. 3. Phylogenetic tree of Streptomyces isolate S295.  

Fig. 4. Hemolytic activity percent of Streptomyces isolates.  

Table 4 
Purification table of alkaline protease.  

Aliquots Activity (U/ml) Total activity (U/ml) Total protein (mg/ml) Specific activity (U/mg) Purification fold Yield % 

Lysate  6.4 32,000 1050 30.4  1.0 100 
10 %  0.0 0.0 40.2 0.0  0.0 0.0 
20 %  0.0 0.0 40.9 0.0  0.0 0.0 
30 %  0.0 0.0 50.7 0.0  0.0 0.0 
40 %  0.0 0.0 51.3 0.0  0.0 0.0 
50 %  0.0 0.0 52.4 0.0  0.0 0.0 
60 %  5.2 24,960 53.9 463  15.2 78 
70 %  0.0 0.0 52.1 0.0  0.0 0.0 
80 %  0.0 0.0 50.8 0.0  0.0 0.0 
90 %  0.0 0.0 48.6 0.0  0.0 0.0  
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productivity are directly proportional to the concentration of casein as 
the nitrogen source. It was observed that isolate S295 produced protease 
at 24 h and peaked at 96 h, while the highest biomass was observed at 
120 h. These findings are similar to those of Nadeem et al. (2008), where 
S. pulvereceus MTCC 8374 produces the highest activity and productivity 
of alkaline protease at 40 ◦C and pH 9.0 and begins to gradually decrease 
beyond these limits until it disappears. He et al. (2023) reported that 
alkaline protease acts as an anticoagulant and is widely used in medical 
applications, as it effectively dissolves fibrin fibers that form blood clots. 
Therefore, alkaline protease is the first-line treatment of thrombosis and 
cardiovascular diseases. Streptomyces strain 214L-11 that is similar to 
S. fumanus NBRC 13042 T (98.88 %) produces a protease that exten
sively dissolves blood clots and is an important thrombolytic therapy. 

The protease-producing isolates (241) showed α-hemolysis, while 64 
showed β-hemolysis, including the most robust isolate S295. Sudesh
Warma et al. (2017) reported that primary fibrinolysis is the breakdown 
of blood clots, but with an overdose or prolonged period it may extend to 
the breakdown of RBCs and cause a serious problem. S. gulbargensis 
produces alkaline thermoprotease that is used to improve surgical in
struments by degrading bound blood droplets. Different Streptomyces 
species are abundant producers of fibrinolytic enzymes, including pro
teases, which dissolve blood clots in a timely manner (SudeshWarma 
et al., 2017). Streptomyces showing alpha or beta hemolysis indicate 

proteolytic activity expressed by protease or other fibrinolytic enzymes. 
Actinobacteria, especially Streptomyces and halophiles in particular, 
produce bioactive compounds, including fibrinolytic enzymes such as 
protease with unique features, given the harsh conditions they endure 
and survive. These bioactive compounds are usually used in clinical and 
pharmaceutical fields (Suga et al., 2018; Amin et al., 2020). 

Submerged fermentation was used to produce alkaline protease by 
Streptomyces isolate S295 on a small-scale. Alkaline protease was 
precipitated with 60 % saturated ammonium sulfate with 463 U/mg 
specific activity, 15.2 purification fold, and 78 % yield, indicating high 
purity, because harmful impurities were removed. The purified alkaline 
protease was found to have a high molecular weight, as it was electro
phoresed as a single band at 45 kDa. Naira et al. (2014) reported that 
submerged fermentation relies on cheap natural materials as the pri
mary batch, and is suitable for the production of alkaline protease by 
S. ambofaciens NRRL 2420 in immobilized form, which shows peak 
productivity (344 U/ml) with starch as carbon source and yeast extract 
as nitrogen source and at 30 ◦C, pH 8.5 and for 72 h. A global drug 
discovery and development program relies on the use of natural mate
rials during submerged fermentation to produce bioactive compounds, 
especially those produced by actinomycetes due to their low cost, high 
efficacy, productivity and ecofriendly stance (Cortés-Albayay et al., 
2019). The small alkaline protease (20.1 kDa) is produced by 

Fig. 5. Purification of alkaline protease (a) by ion-exchange column chromatography, (b) by gel filtration column chromatography.  
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Streptomyces sp. LCJ12A and is precipitated with 70 % saturated 
ammonium sulfate (Parthasarathy and Gnanadoss, 2020). The partially 
purified protease shows activity as high as 100 % at 35 ◦C and pH 10 
with casein, gradually decreasing to 90 % above the pH limit, 78 % at 
45 ◦C and 60 % at 50 ◦C. Alkaline proteases have a wide range of mo
lecular weight (15–45 kDa), such as those produced by S. albidoflavus 
(Bressollier et al., 1999) and Streptomyces sp. M30 (Xin et al., 2015) that 
have a molecular mass of 18 kDa and 37.1 kDa, respectively. Although 
submerged fermentation is widely used in the production of bioactive 
compounds, solid-state fermentation is also used, such as obtaining peak 
protease production by solid-state fermentation of wheat bran at 45 ◦C 
and pH 9.0 with casein as the substrate (Vishalakshi et al., 2009). Wild 
microorganisms, actinobacteria and Streptomyces in particular, are pre
sent in saline soils in Dammam, Khobar and Al-Ahsa in Saudi Arabia, but 
most of them are unexploited. Halophilic Streptomyces produces an 
active alkaline protease that dissolves blood clots (Park et al., 2007). 

5. Conclusion 

Various microorganisms, including actinobacteria can recover from 
extreme habitats, including saline soil. Halophilic actinobacteria, espe
cially Streptomyces produce many active metabolites with unique fea
tures, including fibrinolytic enzymes which are used in industrial and 
medical fields. Alkaline protease is one of the fibrinolytic enzymes and is 
the first choice in treating cardiovascular diseases and dissolving blood 
clots. S. violaceoruber is a powerful producer of alkaline protease through 
which blood clots are dissolved in a timely manner. In Saudi Arabia, 
during the Hajj, a large amount of livestock is slaughtered because it is a 
religious ritual, which leads to the leakage of a huge amount of blood, 
which may clot if left without immediate treatment. Protease is 
considered the best way to treat blood clots resulting from the slaughter 
of livestock. Alkaline protease can be produced on an industrial scale 
using Streptomyces bacteria, which provide abundant quantities without 
the environmental pollution of those produced by chemical industries. 
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