Proceedings of the Pakistan Academy of Sciences: B
Life and Environmental Sciences 60(1): 49-56 (2023)
Copyright © Pakistan Academy of Sciences

ISSN (Print): 2518-4261; ISSN (Online): 2518-427X
http://doi.org/10.53560/PPASB(60-1)733

f \7 Pakistan Academy of Sciences

Research Article

Production of Fibrinolytic Enzyme by Soil Actinobacteria

Aminu Argungu Umar", Aliyu Abdullahi Turaki’, Ahmad Ibrahim Bagudo®, and
Rilwanu Yeldu Ibrahim*

'Department of Biochemistry, Kebbi State University of Science and Technology, Aliero, Nigeria
“Department of Biochemistry and Molecular Biology, Federal University, Birnin Kebbi, Nigeria
*Department of Microbiology, Kebbi State University of Science and Technology, Aliero, Nigeria
“‘Department of Biochemistry, Usmanu Danfodiyo University Sokoto, Nigeria

Abstract: Thrombotic diseases are increasingly becoming among the prominent causes of death across the globe.
Researchers are now turning attention towards fibrinolytic enzymes as potential alternative treatment for thrombolytic
diseases. This present study focused on the production of extracellular fibrinolytic enzyme from soil Actinobacteria
and evaluation of its hydrolytic activity on blood clot. The Actinobacteria was isolated from compost soil of semi-arid
climate in Nigeria. Bacterial isolation was achieved using starch casein agar. Potent fibrinolytic enzyme producing
Actinobacteria were identified and subjected to enzyme production using submerged fermentation method. The
interactive effects of incubation time, temperature, pH and media components on enzyme production were analysed.
Extracellular fibrinolytic enzyme produced by the selected Actinobacteria was partially purified by ammonium
sulphate precipitation and subsequently assayed for blood clot lysis activity. Results of these studies indicated that
fibrinolytic enzyme was produced optimally at pH 8 and temperature of 40 °C after 72 hour of fermentation. Partially
purified fibrinolytic enzyme was able to degrade blood clot comparable to the positive control. These results shows that
soil Actinobacteria of unexplored semi-arid climate of Nigeria present a prospect in search of novel microorganisms
with potentials in the production of fibrinolytic enzyme that can serve as an alternative blood clot buster in treating
thrombolytic diseases.
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1. INTRODUCTION have shown great potential for therapeutic

application [7]. It is envisaged that fibrinolytic

Myocardial localized necrosis occurrence is on the
increase globally, primarily due to Thrombosis and
pulmonary embolism that develop inside the arteries
[1, 2]. Thrombosis is a critical event and a common
pathology underlying myocardial infarction
[3]. Treatment of thrombosis is the usual way
through which acute myocardial infarction (AMI)
is combated. The use of synthetic therapeutics in
treating thrombosis can result to negative effects
such as allergic response, short half-life and they are
expensive to acquire [4-6]. Therefore, it is critical
to research and develop natural, safer, and cost
effective thrombolytic agents. Nowadays, protein
treatments are commonly used in combating AMI.
In the last decade, microbial fibrinolytic proteases
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enzymes of natural source are less likely to induce
negative effects such as allergic response and they
are inexpensive to produce. Therefore, therapeutic
screening of fibrinolytic enzymes from microbial
origin could be the most suitable method for
fibrinolytic enzymes production [7].

Actinobacteria are widely distributed in
nature inhabiting mainly soil and plants. They are
filamentous Gram-positive microorganisms that
are ubiquitously distributed in nature. They are
significantly an important sources of bioactive
metabolites of industrial and biotechnological
importance [8]. There are literature reports
on the production of fibrinolytic proteases by
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the Actinobacteria from aquatic and terrestrial
ecosystems [9-13].

The expanding applications of fibrinolytic proteases
motivated this study to screen for novel fibrinolytic
Actinobacteria from soil. One of the advantages
of producing enzymes from microbial sources is
that, it could be achieved using low cost substrates.
From the industrial point of view, designing of a
low cost production medium for bio products such
as enzymes is one of the curial factors, because the
market price of the particular bio products is directly
influenced by the cost of production medium
components. Therefore, utilizing a locally abundant
cost effective inexpensive substrates could reduce
the cost of production [14]. The present study aims to
isolate soil Actinobacteria and induce extracellular
fibrinolytic enzyme production by the isolated
Actinobacteria. To the best of our knowledge, this
is the first attempt to explore the potential of soil
Actinobacteria of slaughter house for fibrinolytic
enzyme production and characterization.

2. MATERIALS AND METHODS
2.1 Sample Collection

Soil sample was collected on 25th March 2021, from
the abattoir compost soil in Yeldu town (12°47°06”"N
4°15’56"’E) at the depth of approximately 12 cm
from the surface and brought to the laboratory in
sterile polythene bag. Soil samples were incubated
at 80 °C for 15 minutes to eliminate most of the
unwanted gram-negative bacteria. Soils were
allowed to cool and then 1 g of each soil sample
was treated in a two-step process with 0.1 g CaCOs
followed by 1.5 % phenol for 30 min.

2.2 Isolation and Identification of Actinobacteria

About 1g of the treated soil samples were suspended
in 9 ml normal saline and vortexed. Serial dilution
was carried outup to 10—5. Then 100ul of the serially
diluted sample from 10—5 tube was inoculated
on starch casein agar (SCA) supplemented with
50 pg/mL cycloheximide and 50 pg/mL nalidixic
acid to restrict fungal and gram negative bacteria
growth respectively. The resultant colonies were
identified as Actinobacteria using conventional
microbiology techniques and subsequently sub-
cultured to obtain pure cultures. Screening for

casein and fibrin hydrolysis was carried out based
on the maximum zone of hydrolysis in both casein
and fibrin, and the potent isolate was selected for
further investigation [15-17].

2.3 Fibrinolytic Enzyme Production and
Optimization of Production Media

Fibrinolytic enzyme production was initiated by
transferring a single colony of Actinobacteria
from the casein agar plate into a Erlenmeyer flask
containing 50 mL of casein basal broth (Casein
10 gL'; K HPO, 2 gL''; KNO, 2 gL''; NaCl2 gL
Casein 0.3 gL', and 0.02 gL' of MgSO,, CaCO,,
and FeSO, each, pH 7.5) [18], and incubated for
18 hrs at constant shaking of 200 rpm. The culture
was then diluted at 1:100 (v/v) with the same but
fresh Casein broth for three successive passages.
Then 5 ml of the passaged culture of Actinobacteria
was inoculated into another 250 ml of Casein basal
broth, then incubated at 37 °C for 5 days on a shaker
at 200 rpm.

To determine the required optimum
physicochemical conditions in achieving maximum
yield of keratinase through submerged fermentation
(SF), a one-variable-at-a-time (OVAT) method
was adopted and the effects of incubation period
(24-120 h), incubation temperature (25—60 °C at
5 °C interval), pH (5.0-9.0), carbon and nitrogen
sources were evaluated for optimal production of
keratinase. Each experiment was carried out in
triplicates. After 5 days of incubation, the crude
extracellular fibrinolytic enzyme was obtained as
a supernatant by centrifugation at 7,000 rpm for
10 min at 4 °C and then subjected to 85 % saturation
of ammonium sulphate (NH,)2S0,. Using a dialysis
tubing cellulose membrane obtained from Sigma-
Aldrich, the ammonium sulphate precipitate was
dialyzed against 10 mM Tris—HCI buffer (pH 7.5)
[19].

2.4 Fibrinolytic Enzyme Assay

The reaction was setup with 3 mL of 0.1 M Tris- HC1
containing 0.01 M CaCl: (pH 7.8), 1 mL (1 % w/v)
of fibrin, and 1 mL of partially purified enzyme.
The reaction was allowed to continue for 30 min at
37 °C after which 5 mL of trichloroacetic acid (TCA)
containing 0.22 M sodium acetate and 0.33 M
acetic acid was added to terminate the reaction. The
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reaction mixture was centrifuged and absorbance
of the supernatant was taken at 275 nm. One unit
of fibrinolytic enzyme was defined as the amount
of enzyme required to increase the absorbance at
275 nm equivalent to 1 pug of tyrosine per min [20].
The enzyme activity (EA) was calculated in U/mL
according to the following Equation:

EA= (AAxVxf)/(exlxv,) (Equation 1)

Where AA is the change in absorbance, V is the
final volume of the reaction, f is the dilution factor,
¢ is the extinction coefficient, | is the path length of
the cell and v volume of the enzyme used.

2.5 In vitro Assay of Blood Clot Lysis

Goat blood was obtained from a slaughter house
in Aliero town. The blood was allowed to form
a clot and then washed with phosphate-buffered
saline to remove any impurities before adding the
fibrinolytic enzyme. Positive and negative controls
were prepared with clexane injection and a 0.9 %
w/v saline solution respectively. A 5 mL of fresh
goat blood was used for each test and all reaction
mixtures were allowed to stand for 3 h at room
temperature and checking after every 30 min [20].

2.6 Statistical analysis

Triplicates tests were performed in all the
experiments and results were presented as Mean
+ SD values. The significant differences of the
data were evaluated via Analysis of Variance
(ANOVA) and Duncan’s Multiple Range Test
(DMRT). Findings of all the experimental tests
were significant at p < 0.05.

3. RESULTS AND DISCUSSION
3.1 Isolation and Identification of Actinobacteria

Actinobacteria of the slaughter house compost soil
were isolated and identified based on the colonies
morphological appearance on starch casein agar
plate. The colonies were mainly white and some
tiny, spherical and irregular ash-grey (Figure 1A).
The isolated Actinobacteria was able to hydrolyse
casein protein in the medium, indicating its
proteolytic activity. Distinct colonies were selected
and sub-cultured (Figure 1B) to have pure colonies

which were subsequently subjected to production
of fibrinolytic enzyme.

Actinobacteria isolates.

3.2 Production of Fibrinolytic Enzyme and
Optimization of Production Media

Various process parameters including incubation
period, incubation temperature, pH, carbon and
nitrogen sources influence fibrinolytic protease
production. Depending on the microbial strains
being studied, these production parameters varies
for achieving maximum enzyme production. In this
study, fibrinolytic enzyme production was initiated
and allowed to continue for a period of 5 days
under varying fermentation conditions including
incubation period, temperature, pH, carbon and
nitrogen sources. Experiments were carried out in
triplicates under each fermentation condition. At
24 h intervals, an aliquot of the production media
was collected and centrifuged. The supernatant was
used as crude enzyme and the enzyme activity was
assessed as described above.

Fibrinolytic enzyme production was determined
by the activity of the crude enzyme, more activity
indicate high concentration of the crude extracellular
enzyme. Results of the OVAT experiments indicates
that production of fibrinolytic enzyme started at
24 hour post inoculation and continued up to the
fifth day, the enzyme production reached maximum
(53.48 U/mL) at 72 h after which it begins to decline
(Figure 2).

Previous study on Alcaligenes aquatilis PJS 1
reported 60 h incubation period as the optimum
for maximum fibrinolytic enzyme production [14]
whereas, Bacillus sp. IND7 was reported to achieve
maximum production of fibrinolytic enzyme at
72 h [20].
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Temperature is among the crucial factors that
influences the ability of microorganisms to grow
and synthesise metabolites. Each microorganism
has its favourable temperature, therefore, metabolic
reaction in microorganisms could be affected due to
change in the fermentation temperature. This study
assessed the temperature effects on fibrinolytic
enzyme production by the isolated Actinobacteria.
According to the results obtained, the optimum
temperature for maximum enzyme production
(68.28 U/mL) was 40 °C, and an increase in the
incubation temperature to 45 °C causes a decline in
the production of enzyme (Figure 3).

Previous studies on the production of fibrinolytic
enzyme by marine Actinobacteria have reported
the optimum temperatures for maximum enzyme
production to be between 33 and 37 °C [12, 13].
Whereas, optimum fermentation temperature for
fibrinolytic enzyme production by other bacterial
strains was reported to be 35 °C [14, 21]. The
variation in optimum fermentation temperature for
fibrinolytic enzyme production between our study
and the previous studies could be directly related
to the fact that the sources of organisms and the
bacterial strains are different from each study. In
this study, the Actinobacteria was obtained from
the compost soil of Yeldu town in Kebbi State,
Nigeria which is a hot semi-arid climate where the
daytime temperature can reach up to 45 °C during
the warmest months of March to May. Hence, it is
not surprising to have microorganisms from that
habitat favouring high temperature for production
of secondary metabolites.

Medium pH is another factor that affects
the growth and synthesis of metabolites because
metabolic reaction can be influenced as a result of
change in the pH of the production media. The effect

of pH on the production of fibrinolytic enzyme by
the isolated Actinobacteria was evaluated and the
results indicated that maximum enzyme production
(57.69 U/mL) was achieved when the pH of the
production media was 8 (Figure 4). Previous
studies on the production of fibrinolytic enzyme
by marine Streptomyces reported that maximum
enzyme production was achieved when the pH
of the production media was between 7 and 7.3
[12,13]. This shows that Actinobacteria fibrinolytic
enzyme production is more favoured in a media of
between neutral to near alkaline pH.

Carbon and nitrogen plays a role in the
synthesis of microbial metabolites, hence the
need to assess how sources of carbon and nitrogen
can affect production of extracellular fibrinolytic
enzyme by the Actinobacteria isolate. Results of
these evaluations suggests that the Actinobacteria
isolate was able to grow in all the media containing
different sources of carbon and nitrogen, although
the level of enzyme production varies with different
source. For the carbon sources, the highest enzyme
production of 71.13 U/mL was observed from the
fermentation media containing glucose as the only
source (Figure 5). Whereas, highest production of
enzyme 65.11 U/mL was observed in the presence
of tyrosine as nitrogen source (Figure 6).

Previous study reported a maximum fibrinolytic
enzyme production by Streptomyces rubiginosus
VITPSSI in the presence of glycerol and soybeans
as carbon and nitrogen sources respectively [12].
In another study, S. radiopugnans VITSDS was
reported to exhibit the highest yield of fibrinolytic
enzyme when peptone and maltose were the sources
of nitrogen and carbon respectively. Other strains
of bacteria were also reported to having high yield
of fibrinolytic enzyme in the presence of different
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Fig. 2. Fibrinolytic enzyme activity of Actinobacteria
isolate at different incubation period.

Fig. 3. Fibrinolytic enzyme activity of Actinobacteria
isolate at different temperature.
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Fig. 4. Fibrinolytic enzyme activity of Actinobacteria
isolate at different pH.

carbon and nitrogen sources [14, 21, 22]. This
indicates that, the source of microorganisms and
the strains can influence a variation in the synthesis
of microbial metabolites as evidenced from these
studies. This means that Actinobacteria of marine
origin can be different from that of terrestrial
origin in terms of factors that influence enzymes
production, hence the need to explore more habitats
in search of novel microbes for low cost production
of fibrinolytic enzyme to convert thrombolysis
disorder.

3.3 Partial Purification of Fibrinolytic Enzyme

The crude supernatant of the fermentation broth
was partially purified with 85 % saturation of
ammonium sulphate. From the purification results,
it was observed that partially purified fibrinolytic
enzyme exhibited a specific activity of 249.5 U/mg
and 37 % yield after dialysis step (Table 1). The
percentage yield was obtained using the formula

Total activity after dialysis

% yield =
(Equation 2)
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Fig. 6. Fibrinolytic enzyme production by soil
Actinobacteria isolate under different carbon sources.

®
o

Tl o :

60
5 - z
= 40 =

= ==

2 20

<

qE: 0

> & 4 54 54 54 54
5 ‘_}Q,&" & o8 & 58 &
w AP N R <

Carbon Source

Fig. 5. Fibrinolytic enzyme production by soil
Actinobacteria isolate under different carbon sources.

3.4 In vitro Assay of Blood Clot Lysis

Potential hydrolytic activity of the partially purified
fibrinolytic enzyme (200 IU/mL) was evaluated
on fresh goat blood in vitro. Clexane injection
(200 TU/mL) and a 0.9 % w/v saline solution were
considered as the positive and negative controls
respectively. Results of these assays indicated that
partially purified fibrinolytic enzyme achieved
about 75 % clot lysis compared to 100 % achieved
by the clexane injection (Figure 7).

Various studies have been reported on the
blood clot lysis activity of fibrinolytic enzyme
of microbial origins exhibiting different level
of blood clot lysis. These include protease
SFE1 [5], fibrinolytic protease of Streptomyces
rubiginosus VITPSS1 [12], fibrinolytic protease of
Streptomyces radiopugnans VITSD8 [13], the free
protease BC1 and immobilized CLEA-Fib-mChi
[23], fibrinolytic protease of Serratia marcescens
subsp. sakuensis [24], and streptokinase [25].
Hence, our study further revealed the actinokinase-
like activity of fibrinolytic enzyme from soil
Actinobacteria. The fibrinolytic proteases are more

Fig. 7. Blood clot lysis activity. (A) Negative control
(0.9 % saline solution) (B) Partially purified fibrinolytic
enzyme (C) Positive control (Clexane injection)
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Table 1. Purification table for fibrinolytic enzyme

Purification Total Protein Total Activity Specific Activity % Purification
Step (mg) V) (U/mg) Yield Fold
Crude 281 27,765.3 65.7 100 1
Supernatant
Ammonium 85.6 19,429.2 151.2 46.6 23
Sulfate
Dialysis 41 10,229.5 249.5 37 3.8

of neutral enzymes that are produced mostly from
Actinobacteria. Considering the high demand of
fibrinolytic enzymes and the negative effects of the
available drugs for the treatment of thrombosis,
it is important to explore more fibrinolytic
enzyme producing Actinobacteria especially from
unexplored habitats. For the first time, the results of
our study revealed that the soil compost of slaughter
house from the semi-arid climate of Nigeria is a
promising source of novel Actinobacteria with
potentials in the production of fibrinolytic enzymes
and possibly other industrially valuable secondary
metabolites.

4. CONCLUSION

Actinobacteria was isolated from the compost
soil of slaughter house obtained from Yeldu town
and a proteolytic enzyme was produced by the
isolated Actinobacteria strain. Due to its blood clot
degradation activity in comparable with the standard
clexane injection the protease was considered as
fibrinolytic enzyme. It can be envisage that this
fibrinolytic protease can be studied further towards
developing it as a potential thrombolytic agent for
treating heart diseases. Enzymes from unexplored
natural habitats could be of immense benefits in
various industrial applications. The findings of our
study present more enlightenment that can lead to
bioprospecting of fibrinolytic enzymes and even
other enzymes of industrial importance from semi-
arid habitats of Nigeria. We aim to further our
study towards the molecular identification of the
isolated Actinobacteria strain and carry out more
purification steps to have enzyme of high purity in
order to characterize the enzyme.
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