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ABSTRACT

Fibrinolytic enzymes are used for addressing many cardiovascular disease conditions. However, current fibrinolytic 
enzymes are highly expensive with many side effects which necessitate the development of alternative cost-effective 
processes for low-cost production of these lifesaving enzymes. Since the availability of a suitable strain is considered the 
basic requirement for any process development effort, we started our work in this direction with screening and isolation 
of fibrinolytic enzyme producers. The goal of this study was to screen and isolate fibrinolytic enzyme producers from 
a relatively unexplored environment, i.e., the mangroves. Mangroves are wetlands and are one of the unique and less 
studied habitats for the production of therapeutic molecules. Microbiota that produces fibrinolytic enzymes from 
Coringa mangroves located in Kakinada District, Andhra Pradesh, India, is lacking. Therefore, in this study, fibrinolytic 
enzyme-producing bacterium was screened from samples obtained from Coringa mangroves. Out of 200, protease 
enzyme-producing isolates obtained from screening 30 mangrove soil samples, 7 isolates exhibiting fibrinolytic 
activity were selected. Out of these 7, the highest fibrinolytic enzyme-producing bacterial strain (AIBL_AMSB2) was 
characterized by biochemical and genomic methods, which was finally identified as Bacillus subtilis subsp. Inaquosorum 
by 16S rRNA analysis. The strain was also found to be an amylase producer. AIBL_AMSB2 was subjected to strain 
improvement using random mutagenesis techniques – (i) Ultraviolent radiations (UV) and (ii) Ethyl methyl Sulphonate 
(EMS), which resulted in an improved mutant strain AIBL_AMSB2_M7E32 exhibiting 54.70% improvement in 
fibrinolytic activity. Batch fermentation in controlled experimental conditions using the obtained mutant strain resulted 
in a 133.54% increase in growth OD and a 391.11% increase in enzyme activity. Thus, the study reports an increased 
fibrinolytic enzyme activity producing mangrove isolate and its production by submerged fermentation. Further studies 
to prove the potential of the enzyme on blood clots are necessary to utilize for industrial application.

ARTICLE HIGHLIGHTS

Globally, cardiovascular illnesses are the major cause of mortality. 
Microbial fibrinolytic enzymes have drawn a lot more interest recently 
due to the high price and side effects of conventional thrombolytic drugs. 
There are both microbial and non-microbial sources of fibrinolytic 
enzymes. Earthworms, edible mushrooms, and snake venom are 
examples of non-microbial sources. When it comes to microbial sources, 
fibrinolytic enzymes have been found in a variety of bacteria, fungi, 
and actinomycetes, with the Bacillus species standing out as the most 
prominent. There are many studies reporting the fibrinolytic enzymes 
from fermented foods such as tempeh, douchi, Korean salt-fermented 
anchovy-jet, and shiokara. This study was done to find out fibrinolytic 
enzyme producers from non-food sources such as mangrove soils 
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which are one of the most productive forms of ecosystem. To the best 
of our knowledge, this is the first report on the isolation of fibrinolytic 
enzymes-producing strains from Coringa mangroves. Here for the 
1st time, we are reporting the isolation, screening, and characterization 
of an isolate AIBL_AMSB2 from Coringa mangrove identified as 
Bacillus subtilis subsp. Inaquosorum for its fibrinolytic activity. Further 
study also reported an increase in enzyme activity by mutagenesis 
and production of the enzyme by fermentation reporting the highest 
protease activity from B. subtilis among the non-food sources.

1. INTRODUCTION

Cardiovascular diseases (CVDs) present an increasing public health 
concern, especially for people with hypertension, myocardial infarction, 
coronary heart disease, or stenocardia. The WHO has predicted that 
by 2030, CVDs will remain the leading cause of death, affecting 
approximately 23.6 million people around the world [1]. Among 
various types of CVDs, thrombosis is the most commonly occurring 
lifestyle-related disease. Fibrinolytic enzymes are therapeutic enzymes 
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used for the treatment of thrombosis. Fibrinolytic enzymes help in 
removing the thrombus or clots resulting from fibrinogen through 
activated thrombin. The unhydrolyzed clots result in thrombosis under 
unstable conditions such as myocardial infarction or hypertension [2]. 
To date, fibrinolytic enzymes are the most effective drugs for treating 
thrombosis. Based on their mode of action, they are categorized 
into two types: (i) those that can lyse the fibrin directly termed as a 
plasmin-like fibrinolytic enzyme, and (ii) plasminogen activators 
(PAs) that lyse fibrin by the formation of plasmin from plasminogen, 
for example, tissue PA, streptokinase, and urokinase. Given the high 
cost and low specificity of PAs leading to internal hemorrhage once 
administered for thrombolytic therapy caused due to fibrinolytic 
enzymes from animal sources, there exists a dire need to find safe and 
cost-effective alternatives, microbial fibrinolytic enzymes are being 
touted as promising new alternative option in this context [1,3].

Since microbes are capable of producing value-added products in a 
cost-effective manner, scientists are exploring this route to produce 
the fibrinolytic enzyme to make it affordable for the masses. Microbes 
are known to produce these fibrinolytic enzymes since ancient times, 
and several fibrinolytic enzymes have been identified from these 
microbial resources, especially Bacillus sp. during the past few decades 
from fermented food sources. Apart from Bacillus species, several 
filamentous fungi such as Mucor, Fusarium oxysporum, Rhizopus 
chinensis, Cordyceps militaris, Armillaria mellea have also been 
reported to produce fibrinolytic proteases [1-7]. However, most of these 
isolates were obtained from traditional food sources and therefore, other 
biodiversity-rich sources should also be explored with the possibility of 
finding out better producers of fibrinolytic enzymes.

Marine sediments are rich in biodiversity, especially mangroves are 
economically and ecologically the most productive form of marine 
systems. They are rich in nutrients and thus offer a good niche for a diverse 
class of microbes. Therefore, these are considered reservoirs for various 
ecologically important microbial communities that play important roles 
in biogeochemical processes and are rich in bioactive metabolites and 
enzymes [8,9]. Coringa mangroves are one such mangrove region in India, 
situated in Coringa Wildlife Sanctuary, Kakinada District, Andhra Pradesh. 
Since the samples from this region have not been extensively explored 
previously, we decided to carry out the present work with an aim to screen 
and isolate novel microbes with fibrinolytic enzyme production potential.

Hence, the main objective of the work was to isolate potent fibrinolytic 
enzyme-producing microorganisms from samples obtained from the 
mangrove soil of Coringa Wildlife Sanctuary. In this study, we have 
screened, isolated, and characterized a fibrinolytic enzyme-producing 
strain from mangrove soil sediments. The isolated strain was further 
subjected to physical ultra-violet (UV) and chemical mutagenesis ethyl 
methyl sulfonate (EMS) to improve its fibrinolytic activity. Finally, 
batch fermentation was carried out to evaluate the developed strain in 
tightly controlled experimental conditions.

2. MATERIALS AND METHODS

2.1. Chemicals
All the chemicals and media components used in the present work 
were purchased from HiMedia Laboratories Pvt Ltd. (Mumbai) unless 
otherwise mentioned. Solvents used in this study were purchased from 
Merck. Fibrinogen was purchased from Sigma Aldrich, USA. Agarose 
was purchased from Lonza Rockland, ME, USA. Hammarsten 
Grade Casein was purchased from MP Biochemicals, India. 
Trichloroacetic acid was purchased from Fisher Scientific, USA.

2.2. Collection and Processing of Mangrove Soil Sample
Approximately, 1 kg of soil was collected from mangroves at Coringa 
Wildlife Sanctuary, Kakinada District, Andhra Pradesh (Latitude 
16°49’18.5”N 82°17’53.2”E Longitude 16.821803, 82.298114). The 
samples were collected, labeled, and transported to the laboratory in 
sterile polythene zip lock bags and stored in the cold room at 4°C 
for further studies. A total of 30 sampling sites were chosen based on 
different plant species. The soil was collected from a depth of 10 cm 
(the top 3 cm was removed) using a sterile auger and spade. All the 
samples were transported to the laboratory, shade-dried, and mixed 
thoroughly before beginning the experiment. Samples were stored at 
4°C for further analysis (Panasonic NR-BX468V).

2.3. Screening for Proteolytic Activity
Primary screening was done to isolate the protease producers following the 
standard method. All 30 mangrove soil samples were initially screened for 
microbes exhibiting proteolytic activity. For this, 1 g of each thoroughly 
mixed mangrove soil sample was serially diluted (10-1–10-6) and plated 
on the skimmed milk agar (SMA) containing (w/v) 0.6% tryptone, 0.2% 
yeast extract, 1% dextrose, 2% skimmed milk, and 2% agar. This was 
followed by incubation of plates at 37°C for 24 h (Lab matrix) [10]. 
Colonies showing the largest zone of clearance on the skimmed milk plate 
were further analyzed for protease production in submerged fermentation 
using skimmed milk broth (SMB). After completion of the incubation 
period, 10 mL of culture broth was centrifuged (10,000 rpm, 10 min, 
4°C) (Remi C24-plus) and the supernatant was used for the evaluation of 
total protein content and protease activity.

2.4. Screening for Fibrinolytic Potential
The most promising primary isolates (12 numbers) obtained during the 
screening of proteolytic activity were further evaluated for fibrinolytic 
potential. For this, the isolates were streaked on modified fibrin agar 
(MFA) plates containing 0.6% w/v human fibrinogen in 0.2M Tris-HCl 
buffer (pH 7.2), which was mixed with 0.1 mL of 10 NIH Units/mL of 
human thrombin. The plates were placed at room temperature for 1 h for 
the formation of the fibrin clot. Later, the plates were incubated for 24 h 
at 37°C in an incubator. The appearance of the zone of clearance on the 
fibrin agar plate indicated the fibrinolytic potential of tested isolates [11]. 
Isolates showing maximum fibrinolytic activity were selected, further 
analyzed by fibrin assay, purified, and stored for further use.

2.5. Characterization of Isolated Fibrinolytic Bacteria
2.5.1. Carbohydrate utilization test
Initially, the isolated strain AIBL_AMSB2 was characterized by Gram 
staining using Gram’s staining kit (HiMedia, Cat no: K001-1 KT) as 
well as biochemical and carbohydrate utilization tests using KB009 
HiCarbohydrateTM and KB002 HiAssortedTM Biochemical test kit 
supplied by HiMedia, Mumbai, India.

2.5.2. β-hemolysis test
β-hemolysis activity was evaluated on 5% of sheep blood agar plates 
(HiMedia). 24-h-old isolate from nutrient agar was streaked on the 
blood agar plate and incubated at 37°C overnight. After incubation, the 
presence of a zone of clearance around the colony is an indication of 
β-hemolysis activity [12].

2.5.3. Gelatinase test
To check the gelatinase activity nutrient gelatine agar containing 0.5% 
peptone, 0.5% NaCl, 0.15% HM peptone B, 0.15% yeast extract, 3% 
gelatine, and 2% agar was prepared. 2 µL of fresh inoculum was added 
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at the center of the nutrient gelatine agar plate and incubated for 48 h at 
37°C to observe the appearance of a zone of clearance [13].

2.5.4. Starch hydrolysis test
Modified starch agar comprising 1% soluble starch, 2% peptone, 0.2% 
(NH4) SO4, 0.1% KH2PO4, 0.001% MgCl2, 0.001% FeSO4.7H2O, and 
2% agar was prepared as per [14]. The isolate was streaked on the agar 
and incubated for 48 h at 37°C. After incubation, the plate was flooded 
with Gram’s iodine solution and observed for the zone of hydrolysis 
around the isolate.

2.5.5. Catalase test
Catalase activity was evaluated following the method described by Iwase 
et al., (2013) [15]. For this, 1 mL of 30% H2O2 was added to the 24-h-old 
culture grown on Nutrient Agar and smeared on a clean slide. The instant 
occurrence of effervescence indicates a catalase-positive organism.

2.5.6. Molecular Identification
Using the 16S rRNA-F and 16S rRNA-R primers from the BDT v3.1 
Cycle sequencing kit and the ABI 3730xl Genetic Analyzer, the 16S 
rRNA gene was amplified. Aligner software was used to create a 16S 
rRNA gene consensus sequence from forward and reverse sequencing 
data. The NCBI GenBank database’s “nr” database was searched using 
the 16S rRNA gene sequence. The first 10 sequences were chosen 
and aligned using Clustal W multiple alignment software based on 
the maximum identity score. Using MEGA 10, a distance matrix and 
phylogenetic tree were created [16,17]. This work was done at Barcode 
Biosciences, Bangalore.

2.6. Analytical Methods
2.6.1. Protease assay
The crude enzyme was mixed with potassium phosphate buffer 
(0.25 mL, 50 mM, and pH 7.5) and 1.25 mL of 0.6% casein solution, 
followed by incubation at 37°C for 15 min. After 15 min, the reaction 
was terminated by adding 1.25 mL of 110 mM Trichloroacetic acid 
and incubating the reaction mixture at room temperature for 30 min. 
Finally, the absorbance of the sample was measured at 280 nm against 
blank. One unit of enzyme activity is defined as the amount of tyrosine 
(µg) released per min per mL at 37°C [18]. The total protein content 
was determined by Bradford’s method [19].

2.6.2. Fibrinolytic activity assay
For this, 0.1 mL of supernatant containing crude enzyme was mixed 
with 2.5 mL of Tris-HCl buffer (0.1M, pH 7.8) containing calcium 
chloride (0.01 M). To this mixture, 2.5 mL of fibrin (1% w/v) was 
added. The reaction mixture was incubated at 37°C for 30 min(s), 
after which the reaction was stopped by the addition of 5 mL of 
trichloroacetic acid (0.11 M) containing sodium acetate (0.22 M) 
and acetic acid (0.33 M). Finally, the absorbance of this sample was 
measured at 275 nm against a blank following the method used by 
Vijayaraghavan et al., (2019) [20].

2.6.3. Biomass determination
The growth of bacterial isolates was estimated by measuring the optical 
density at 600 nm (OD600) in a UV-Vis spectrophotometer (Shimadzu).

2.7. Strain Improvement
2.7.1. Physical mutagenesis by UV irradiation
Physical mutagenesis was performed using UV radiations. For this, 
initially, 4 mL of the bacterial culture (OD600 = 1) was pipetted out 
into a sterile flat-bottom petri dish (80 mm). This was followed by 

exposure of cells to UV from a distance of 30 cm using a UV lamp 
(30 W) in the Laminar airflow chamber (Bio base). Cells were exposed 
for 30, 60, and 90 min to UV light. Exposed cultures were initially 
incubated at 37°C for 6 h. After 6 h, 1 mL of the inoculum was serially 
diluted and plated onto SMA medium and the plates were kept for 
incubation at 37°C. After 24 h incubation, mutants showing improved 
enzyme activity (measured by the diameter of the zone of clearance) 
were selected for total protein content and protease activity. The 
mutant showing the highest total protein content, protease activity, and 
fibrinolytic activity was chosen for chemical mutagenesis [21,22].

2.7.2. Chemical mutagenesis by EMS
EMS was used for the chemical mutagenesis of UV mutants. Different 
concentrations of EMS (5 µg/mL, 10 µg/mL, 25 µg/mL, 50 µg/mL, 
and 100 µg/mL) were added to an overnight culture of the isolate 
(OD600 = 1). The cell suspension was incubated for a time interval of 
−30, −60, −90, and −120 min(s). After the incubation time was over, 
the cells were centrifuged and washed thrice with saline. Later, 1 mL 
of the suspension was serially diluted up to 10-6 dilutions and plated 
onto SMA plates. Mutants showing larger zone of clearance on skim 
milk plates were counted and evaluated for total protein content and 
protease activity. The mutant showing the highest total protein content 
along with protease and fibrinolytic activity was chosen for further 
studies [23,24].

2.8. Fermentation Conditions
For fermentation studies, culture was grown on SMB media containing 
– 0.2% skimmed milk, 0.6% tryptone, 0.3% yeast extract, and 0.1% 
dextrose. The fermentation run was carried out in a 5 L fermenter 
(Fermex, India) with a 2.5 L working volume. Media was inoculated 
with 1% of culture grown for approximately 14 h (OD600 = 1) and a 
fermentation run was carried out for 16 h at 37°C and 150 rpm. Dissolved 
oxygen concentration was maintained at 20% of saturated air.

2.9. Statistical Analysis
The Duncan Multiple Range Test was used with One-way analysis of 
variance in IBM SPSS Statistics version 24.0. The data were shown as 
means SE (variable) with a statistical difference of P < 0.05.

3. RESULTS AND DISCUSSION

3.1. Isolation and Screening for Fibrinolytic Enzyme Producer
3.1.1. Primary screening for potential protease producer
Mangroves have been a source of various proteolytic enzymes 
including proteases. Mangrove soils create a rich habitat for the 
growth of various microorganisms and a wide interaction between the 
microbial communities in mangrove soils results in the production of a 
wide range of secondary metabolites. Earlier, Coringa mangroves have 
been studied for their seasonal impacts on the nutrient composition of 
soils [25]. In the present study, a total of 30 soil samples were collected 
from Coringa mangroves. Screening of collected soil samples resulted 
in the isolation of a total of 200 bacterial isolates showing a zone of 
clearance on SMA plates. Given the substantially large number of 
isolates obtained during primary screening on the SMA plate, 61 isolates 
were selected for the next round of screening based on their relative 
size of the zone of clearance on the SMA plate. These handpicked 61 
protease-positive isolates obtained during primary screening were 
further tested quantitatively (secondary screening) for their protease-
producing potential in SMB. Cell-free supernatant collected through 
centrifugation served as a crude sample for quantitative evaluation of 
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protease activity. Based on the results of secondary screening, finally, 
12 isolates, namely – CO1-001, CO2-010, CO5-026, CO8-046, CO10-
057, CO11-064, CO13-080, CO14-085, CO15-091, CO16-101, CO18-
127, and CO23-155 were selected for further studies [Figure 1]. These 
12 isolates were designated as the most promising primary isolates. 
Similarly, extracellular protease producer Vibrio fluvialis VM 10 was 
isolated from the sediment sample taken from a mangrove station in 
the Cochin estuary [26]. In another study, Bacillus circulans BM15 
was also isolated from mangrove samples and was evaluated for its 
capabilities to produce detergent enzymes [27]. Mangrove samples 
from Thuwal, a coastal location in Jeddah, Saudi Arabia have been 
used to isolate hydrolytic enzyme-producing bacteria which were 
further investigated for antifungal properties as well [28]. Similarly, 
an alkaline protease producing Solibacillus silvestris exhibiting a 
maximum of 258.75 U/mL alkaline protease activity, has also been 
reported from the Gir mangrove region in India [29].

3.1.2. Secondary screening for potential isolates with fibrinolytic 
enzyme producer
In the next stage, secondary screening of isolates positive for protease 
production was done to evaluate their fibrinolytic potential. All the 
selected 12 primary isolates were tested for their fibrinolytic activity 
on the MFA plate (plate assay) and four of these strains, namely – CO1-
01, CO2-10, CO10-57, and CO18-127 were found to be positive for 
fibrinolytic activity, indicated by the presence of a zone of clearance 
on the fibrin agar plate. Among the positive strains for fibrinolytic 
potential, CO2-10 showed the highest activity with the largest zone 
of clearance (0.48 ± 0.03 cm) on MFA plates [Figures 2a and b]. 
Similarly, while evaluating these strains quantitatively by fibrin 
assay, CO2-10 was found to exhibit the highest fibrinolytic activity 
(69.13 ± 3.62 mg/mL) and was finally designated the name AIBL_
AMSB2 [Figure 3]. Fermented foods have been a major source of 
fibrinolytic enzymes have been reported wherein screening and 
isolation of the Bacillus amyloliquefaciens strain KJ10, capable 
of producing fibrinolytic enzymes from fermented soybeans [30]. 
Similarly, fibrinolytic enzymes-producing Bacillus subtilis LD-
8547 have also been isolated from fermented food products like 
douchi [31]. B. subtilis HK176 was obtained from fermented food, 
namely Cheonggukjang [32]. Similarly, B. subtilis ZA400, from a 
Korean fermented food known as kimchi [33]. B. amyloliquefaciens 
MCC2606 isolated from dosa batter, an Indian fermented food [34]. 
B. amyloliquefaciens RSB34 isolated from doenjang, a traditional 
fermented Korean soy-based food [35]. Gembus, a fermented soybean 
cake from Indonesia, is the source of Bacillus pumilus, which has been 

found to secrete a number of protease enzymes with potent fibrinolytic 
properties [36]. Another bacterium (TP-6) producing fibrinolytic 
enzyme from a fermented soybean dish called Tempeh was isolated 
and identified as B. subtilis [37]. One Staphylococcus sp. producing 
a new fibrinolytic enzyme (AJ) has also been isolated from Korean 
salt-fermented anchovy-jet [38]. Similarly, a novel fibrinolytic enzyme 
called katsuwokinase was earlier discovered in skipjack “Shiokara,” 
a classic salt-fermented delicacy from Japan. Skipjack Shiokara 
(Katsuwonus pelamis) crude enzyme has been reported to have 
extremely potent fibrinolytic activity [39]. Although there are many 
reports on the isolation of microbes with fibrinolytic potential from 
food sources, there are very few reports on screening and isolation 
of fibrinolytic enzymes from non-food sources except a few reports 
from soil sources [40-44]. To the best of our knowledge, there are no 
reports on the isolation of organisms with fibrinolytic potential from 
the mangrove soil sediments.

3.2. Characterization of Isolated Strain with Fibrinolytic 
Potential
The isolated AIBL_AMSB2 was maintained as a pure culture on the 
nutrient agar plate. Initially, AIBL_AMSB2 was characterized by 
Gram staining, followed by biochemical tests. Finally, the strain was 
characterized by 16S rRNA sequencing. The isolate was found to be 
a Gram-positive rod. It showed β-hemolysis on the blood agar plate 
indicating the capability of the organism to degrade the blood clots. 
AIBL_AMSB2 showed negative gelatinase and catalase activity 

addition to this, the isolate also exhibited amylase activity on the 
starch agar plate. Out of a total of 12 carbohydrates (lactose, xylose, 
maltose, fructose, dextrose, galactose raffinose, trehalose, melibiose, 
sucrose, l-arabinose, and mannose), AIBL_AMSB2 could utilize 
sugars such as maltose, fructose, dextrose, trehalose, and mannose. 
The characterization of isolated strains by qualitative test has 
variously been reported. In one such study, Tariq et al. (2016) have 
reported the characterization of isolated Bacillus species by various 
conventional tests starch hydrolysis, casein hydrolysis, gelatin 
liquefaction, cellulose test, urease test, carbohydrate fermentation, 
oxidation fermentation, indole test, methyl red, Voges Proskauer, 
citrate utilization, triple sugar iron, nitrate reduction, catalase, 
and oxidase [45]. On similar lines, a set of biochemical tests were 
performed for the identification of the isolates that could degrade 
crude oil [46]. In the present study, molecular characterization of 
the isolated strain was also done through 16S rRNA sequencing, 

Figure 1: Total protein content and protease activity (u) of the 12 isolates (CO1-001, CO2-010, CO5-026, CO8-046, CO10-057, CO11-064, CO13-080, CO14-
085, CO15-091, CO16-101, CO18-127, and CO23-155) screened from Coringa mangroves soil samples. The values indicate the mean ± SE of three replicates.

indicating that the isolate AIBL_AMSB2 is a non-virulent strain. Inand
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and the isolate AIBL_AMSB2 was identified as B. subtilis subsp. 
Inaquosorum. The sequence was submitted to GenBank with 
accession number OQ600796. Although other Bacillus species have 
been found to produce fibrinolytic proteases, like Bacillus natto, B. 
amyloliqueficans, Bacillus subtilis CK etc, there have only been a 
limited number of studies with this species of Bacillus i.e., Bacillus 

inaquosorum, which was isolated from mangrove soil being a non-
food source. Earlier, B. inaquosorum-producing fibrinolytic enzymes 
have been reported from naturally fermented soybean meals from 
the Eastern Himalayas [47]. Hence, our study is the first such report 
on the isolation of fibrinolytic enzymes-producing B. inaquosorum, 
from Coringa mangroves.

3.3. Strain Improvement for Improved Fibrinolytic Potential
3.3.1. Mutagenesis using UV irradiation
UV mutagenesis is an age-old technique to induce favorable mutations 
in our desired organisms. Mutant strains result in improved and desirable 
characteristics. By mutagenesis of the native strain and then screening 
the results, better strains can be produced [48]. In the present study, UV 
mutagenesis of B. subtilis strain AIBL_AMSB2 was done by exposing 
the cells to a 30W UV lamp for a time interval of 30–90 min(s). A total 
of 20 mutants (M1-M20) were obtained after UV mutagenesis. Among 
these, M7 showed the highest total protein content and protease 
activity of 95.26 ± 0.83 µg/mL and 217.21 ± 6.14 U followed by M12, 
M16, and M19, respectively. Under similar experimental conditions, 
the untreated parent strain (AIBL_AMSB2) showed the highest 
total protein content and protease activity of 79.33 ± 14 µg/mL and 
133.17 ± 1.37 U, respectively [Figure 4]. In the next step, mutants 
M7, M12, M16, and M19 along with AIBL_AMSB2 (control) were 
evaluated for their fibrinolytic activity on the MFA plate. Where after, 
M7 showed the largest zone of clearance (0.96 ± 0.05 cm), followed by 
M19 (0.89 ± 0.01 cm), M16 (0.80 ± 0.00 cm), control (0.79 ± 0.00 cm), 
and M12 (0.69 ± 0.01 cm), respectively [Table 1]. Based on this M7 
strain (AIBL_AMSB2_M7) was selected for the next round of strain 
improvement studies using EMS as a chemical mutagen. The use of 
physical mutagenesis through UV has variously been reported for 
the hyperproduction of various enzymes. There are many similar 
reports on the application of UV for the mutation of Bacillus spp. for 
improved fibrinolytic enzyme production [31,49]. A study reported 
mutagenesis of vineyard isolated fungal strain which was carried out 
using UV and nitrosoguanidine to finally develop a hyperpectinase-
producing fungal strain. They reported a 9.9% increase in pectinase 
activity (8363.21–9198.68 U/mL) as a result of mutagenesis [50]. 
Similarly, mutant Pseudomonas aeruginosa CMSS with two-fold 
improved nattokinase production capability was obtained by UV-
mutagenesis [51]. A recent study mutagenesis by UV-light led to 
increasing in protease activity by 1.5 times observed in B. subtilis 
E6 in a study by Demirkan et al. (2018) [52]. Similarly, here, in this 
study, UV mutagenesis of our B. subtilis strain AIBL_AMSB2 has 
resulted in approximately 63% increase in overall protease activity 

Figure 3: Fibrin activity (mg/mL) of isolates CO1-001, CO2-010, CO10-057, 
CO11-064, CO13-080, CO14-085, CO18-127, and CO23-155 after 24 h(s) 

incubation determined by fibrin assay. The values indicate the mean ± SE of 
three replicates.

Figure 2: (a) Isolate CO2-010 isolated from Coringa soil, streaked on fibrin 
agar plates for evaluation of Fibrinolytic activity (b) Enzyme supernatant 

of CO2-010 obtained after centrifugation of the skim milk broth inoculated 
with, isolate CO2-010 after 24 h incubation showing fibrinolytic activity 
on fibrin agar plates. The zone of clearance indicates the presence of the 

fibrinolytic enzyme.

ba

Figure 4: Total protein content (µg/mL) and protease activity (u) of the 20 mutants (M1-M20) obtained after UV mutagenesis for 30–90 min(s) from the parent 
strain AIBL_AMSB2 depicted as control (c). The values indicate the mean ± SE of three replicates.
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after UV mutagenesis with reference to the parent strain (B. subtilis 
AIBL_AMSB2).

3.3.2. Chemical mutagenesis by EMS
Chemical mutagenesis is another way to induce desirable mutations 
in our organism of choice. There are plenty of reports on combined 
treatment with physical (UV) and chemical mutagens (EMS) for 
inducing mutations in microbes, whereby a significant improvement 
in the desirable properties of mutants has been achieved. In the current 
study as well, AIBL_AMSB2_M7 obtained after UV mutagenesis 
for 60 min(s) was further exposed to different concentrations of 
EMS (−5, −10, −25, −50, and −100 µg/mL) for time intervals in 
the range of 30–120 min(s). This treatment resulted in 40 mutants 
(E1-E40), out of which E32 (5 µg/mL EMS treatment for 120 min), 
exhibited the highest total protein content and protease activity of 
253.48 ± 7.00 µg/mL and 253.60 ± 5.41U, respectively, followed 
by E10 showing 164.34 ± 5.13 µg/mL of total protein content and 
protease activity of 223.70 ± 21.11 U, E26 showing a protease activity 

of 217.56 ± 5.28 U and total protein content of 73.48 ± 7.47 µg/mL 
and E36 showing a 220.91 ± 21.46 µg/mL of total protein content and 
213.52 ± 0.13 U of protease activity [Figure 5]. Finally, mutants E36, 
E26, E32, E10, and M7 based on the protease activity were checked for 
their fibrinolytic activity on the MFA plate where mutant E32 (AIBL_
AMSB2_M7E32) was found to exhibit the largest zone of clearance 
of 1.2 ± 0.03 cm when compared with UV mutant AIBL_AMSB2_M7 
that showed a zone of clearance of 0.96 ± 0.05 cm and untreated control 
showing 0.79 ± 0.00 cm zone of clearance [Table 1]. Thus, resulting 
in a 54.07% increases in fibrinolytic activity after EMS mutagenesis. 
Therefore, EMS-treated strain resulted in improved protease activity 
and fibrinolytic activity, and the comparative results are been shown 
in [Table 2]. Similarly, Demirkar and Ozdemir (2020) have also 
used EMS to get an improved B. subtilis E6-5 strain, where protease 
production in the mutant strain was improved by 9.2 folds as compared 
to the original strain [53]. In another study, Serratia marcescens 
was repeatedly exposed to UV light and EMS, either separately or 
in combination, to produce a mutant with increased serrapeptase 
activity. The enzyme activity increased to 3437.6 EU/mL from 2770 
EU/mL [21]. Apart from the fibrinolytic enzyme production, UV 
and EMS combined effects have also been reported in various other 
applications [54-56] and are considered to be a time-tested technique 
to develop improved mutants reported in the present study.

3.4. Fermenter Scale Study for Fibrinolytic Enzyme Production 
Using Improved Strain
Many studies have proved that the most favored approach for 
producing fibrinolytic enzymes is through submerged fermentation 
in tightly controlled experimental conditions [57-59]. During our 
shake flask studies using mutant strain AIBL_AMSB2_M7E32, the 
pH of the media was found to increase up to 8.5, and therefore, it 
was decided to evaluate the capabilities of the developed mutant 
strain in tightly controlled environmental conditions. Shake flask 
studies with AIBL_AMSB2_M7E32 resulted in a maximum of 4.65 
OD600 whereas total protein content and maximum protease activity 
were found to be 73 ± 1.00 µg/mL and 70 ± 1.12 U, respectively. 

Table 2: A comparison of total protein content (µg/mL), Protease activity (U) and Fibrinolytic activity (cm) of parent (AIBL_AMSB2) and mutant isolates 
(AIBL_AMSB2_M7) and (AIBL_AMSB2_M7E32) from Coringa mangrove soil. The values indicate the mean±SE (variable) of three replicates.

Isolate name (Bacillus subtilis) Total protein content (µg/mL) Protease activity (U) Fibrinolytic activity (cm)

Parent (AIBL_AMSB2) 143.14±0.33bcd 147.72±2.26bcd 0.79±0.00c

UV mutant (AIBL_AMSB2_M7) 190.53±0.83a 217.21±6.14a 0.96±0.03a

UV and EMS mutant (AIBL_AMSB2_M7E32) 253.48±7.00a 253.60±5.41a 1.23±0.03a

Using IBM SPSS software, ver.24, Duncans Multiple range test shows that the mean value with similar alphabets are not statistically different at p≤0.05.

Table 1: Mutants M7, M12, M16, M19, E36, E26, E32, E10 along with 
AIBL_AMSB2_M7, and parent strain AIBL_AMSB2(C) screened for 
fibrinolytic activity given in terms of zone of clearance (cm) on the fibrin 
agar plate. The values indicate the mean±SE (variable) of three replicates.

S. No Isolate name Zone of clearance on fibrin agar 
(cm)

1 M7 0.96±0.03a

2 M12 0.69±0.01d

3 M16 0.80±0.00c

4 M19 0.89±0.01b

5 E36 0.93±0.03c

6 E26 0.69±0.01b

7 E32 1.23±0.03a

8 E10 0.61±0.01e

9 C 0.79±0.00c

Figure 5: Total protein content (µg/mL) and protease activity (u) of the 40 mutants (E1-E40) obtained after EMS mutagenesis from the UV mutant strain AIBL_
AMSB2_M7 and parent strain AIBL_AMSB2 depicted as control (c). The values indicate the mean ± SE of three replicates.
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Following this, a batch fermentation run was carried out for 16 h 
under similar experimental conditions. During this run, the total 
protein and fibrinolytic activity of the fermentation broth started 
decreasing after 12 h of the fermentation run. This might be due to the 
exhaustion of fermentable sugar in culture media, which came down 
to approximately 2 g/L within 8 h of the fermentation run. Although, 
some cell growth was observed till 16 h of fermentation run. During 
this study, a maximum of 10.86 OD600 could be achieved after 12 h 
of growth, which is 2.3-fold, i.e., 133.54% higher than the biomass 
obtained during the flask study under similar experimental conditions 
correlating with dry cell weight of 0.136 g at 8th h of fermentation 
[Figure 6]. Similarly, total protein content and maximum protease 
activity were found to be increased by 1.08-fold (79 ± 0.01 µg/mL) 
and 4.9-fold i.e., 391.11% increase (343 ± 3.11 U), respectively. In 
addition, fibrinolytic activity was also increased by 1.3-fold during the 
fermenter study [Figure 7]. Similar to this, there is plenty of literature 
showing the efficacy of controlled environmental conditions during 
fermentation runs resulting in improved performance with respect to 
fibrinolytic enzyme production. In one such study, a 2.6-fold increase 
in nattokinase production was observed in an un-optimized medium 
during submerged fermentation [60]. 

4. CONCLUSION

CVDs are the leading cause of death across the globe. Due to the 
high costs and adverse effects of traditional thrombolytic medicines, 
microbial fibrinolytic enzymes have gotten a lot more attention. 
Enzymes are a modest but valuable segment of the therapeutic 
protein industry. Fibrinolytic enzymes are derived from microbial 
and non-microbial sources. Non-microbial sources include snake 
venom, earthworms, and edible mushrooms. In the case of microbial 
sources, fibrinolytic enzymes have been identified in various 
bacteria, fungi, and actinomycetes among which the most notable 
is the Bacillus genus. Mangrove soils create a rich habitat for the 
growth of various microorganisms. A wide interaction between the 
microbial communities in mangrove soils results in the production 
of various secondary metabolites. The search for these metabolites 
in mangrove soils is challenging as the soils are highly saline, moist, 
and alkaline. To the best of our knowledge, no isolates producing 
fibrinolytic enzymes from Coringa mangroves have been reported till 
date. In this study, for the first time we are reporting the isolation, 
screening, and characterization of an isolate AIBL_AMSB2 from the 
Coringa mangrove. The isolated strain was identified as B. subtilis 
subsp. Inaquosorum. Isolated strain was improved for its fibrinolytic 
potential by physical and chemical mutagenesis, resulting in 1.73-fold 
increase in fibrinolytic activity. Likewise, an increase of 4.9-fold in 
enzyme activity was observed in fermenter-scale enzyme production. 
Since this study was performed in un-optimized conditions, we 
anticipate further improvement in fibrinolytic enzyme production 
by medium optimization, process optimization, and application of 
advanced fermentation strategies such as fed-batch, high cell density 
cultivation, and cell cultivation with in situ product recovery. Given 
the fast growth cycle of developed strain, it offers high productivity 
and could be considered a suitable candidate for the development of a 
commercially viable process for fibrinolytic enzyme production at an 
industrial scale.
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Figure 6: Growth profile, dry cell weight profile of Bacillus subtilis AIBL_
AMSB2_M7 during the course of a 16 h(s) fermentation in a 5 L In situ 

fermenter under controlled conditions. The values indicate the mean ± SE of 
three replicates.

Figure 7: Protein profile, protease activity, and fibrinolytic activity profiles 
of Bacillus subtilis AIBL_AMSB2_M7 during the course of a 16 h(s) 

fermentation in a 5 L in situ fermenter under controlled conditions. The values 
indicate the mean ± SE of three replicates.
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