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Abstract: The main death factor of cardiovascular disease (CVD) is the formation of
a blood clot (thrombus). Thrombus is formed by the action of fibrin, playing a role as a
blood coagulation agent. Administration of fibrinolytic enzymes can degrade fibrin
through the fibrinolysis process. Therefore, searching for new sources of fibrinolytic
enzymes becomes critical in eradicating diseases by fibrinolysis of thrombus. This
study aims to isolate fibrinolytic protease-producing bacteria associated with
fermented brown algae products Dictyota sp, of Awur Bay, Jepara, Indonesia, and to
observe their hemolysis pattern. As many as 14 unique bacterial colonies previously
isolated from fermented Dictyota sp. were sub-cultured using Zobell Agar (ZA)
medium. Skim Milk Agar (SMA) and Fibrin Agar (FA) were then used as selective
media to detect the presence of fibrinolytic protease-producing bacteria, which was
indicated by their ability to form a clear proteolytic and fibrinolytic zone simultaneously
around bacterial colonies. Hemolysis characteristics of fibrinolytic bacteria were
determined using Blood Agar Plate (BAP) to test their ability to produce hemolysin
toxin. As a result, of these 14 isolates, 3 of them, namely FD-09, FD-13, and FD-14
(FD= Fermented Dictyota), could produce both proteolytic and fibrinolytic zone with a
fibrinolytic index range of 2.0-2.9. Isolate FD-09 is the least pathogenic (y-hemolytic)
compared to other fibrinolytic isolates, FD-13 (B-hemolytic) and FD-14 (a-hemolytic),
in terms of hemolysin toxicity. In conclusion, fermented Dictyota sp. is a potential
source of bacteria-producing fibrin-degrading protease with varied hemolysis patterns.
It is necessary to identify bacteria-producing fibrinolytic protease isolates Dictyota sp.
and further characterization regarding the specificity and activity of the resulting
protease to develop its potential as an antithrombotic agent.
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INTRODUCTION

Cardiovascular disease (CVD) is one of the deadliest degenerative diseases in
the world. The World Health Organization (WHO) has predicted that from 2016 to
2025, there will be an increase in the mortality rate of up to 35% due to CVD (World
Health Organization, 2018). In 2014 the death rate reached 1.8 million cases due to
CVD in the Southeast Asian region. According to the Ministry of Health data in 2014,
the death rate in Indonesia due to CVD is fairly high, namely 1.25 million people
(Ferdiani et al., 2023).

Most cases of death in CVD are caused by the formation of a blood clot
(thrombus). It occurs due to the formation of blood clots from the release of thrombus
from the blood vessels, which move freely in the blood circulation towards the body's
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organs (Kartal, 2014). The thrombus in blood vessels is due to instability in the
hemostasis system involving coagulation and fibrinolytic factors. Currently, the therapy
for thrombosis is in the form of anticoagulation and surgery, which poses a dangerous
risk (Bi et al., 2013).

The current use of antithrombotic drugs is known to have various side effects,
including allergies (Altaf et al., 2021). Thus, the search for sources of fibrinolytic
enzymes should be carried out to obtain antithrombotic agents that are safe to use.
Brown algae Dictyota sp. is a potential source of numerous bioactive and bio-
functional components (Pradhan et al., 2020).

Marine biota such as algae has been extensively researched to find new and
safe sources of antithrombotic agents. Algae are rich in functionality and bioactivity.
Many new thrombolytic components have been reported by researchers globally
(Safitri et al., 2018). In Indonesia, several potential sources of bacteria that produce
new thrombolytic agents have been reported from marine organisms, as reported by
Fuad et al., 2020 and Hidayati et al., 2021; the isolates of Staphylococcus
hominis, Bacillus aryabhattai, S. saprophyticus, and B. tequilensis producing
fibrinolytic proteases isolated from muscle tissue and digestion of sea cucumber
(Holothuria scabra) obtained from the waters of Lombok, West Nusa Tenggara.

The use of fibrinolytic enzyme products produced from Dictyota sp. as an
antithrombotic drug agent requires further research to determine whether the bacteria
have the potential to become pathogens. This must be done while taking into
consideration the potential for negative effects when applied to the human body in
order to develop a safe antithrombotic drug (Hidayati et al., 2021). The ability of
bacteria to produce hemolysin, or the ability of bacteria to lyse blood cells, is one of
the characteristics of pathogenicity. As a result, isolates of bacteria that produce
fibrinolytic proteases must be examined for hemolysis characteristics to identify
prospective non-hemolytic isolates with lower pathogenicity risk. A blood agar plate
medium can be used to test for hemolysis (Sabrina & Ethica, 2018).

Dictyota sp. is a family of Dictyotaceae and belongs to the seaweed genus.
This species of algae is usually found in tropical. Furthermore, subtropical seas and
has important value in the development of medicines in the world, given their
promising potential. Dictyota was identified and classified for the first time by
Lamouroux, 1809. The latest taxonomic data reported by Silberfeld et al., 2014
on Dictyota were: Eukaryota Empire, Chromista Kingdom, Ochrophyta Phylum,
Phaeophyta Class, Dictyotales Order, Dictyotaceae Family, and Dictyota Genus.

Dictyota contains enough protein to serve as a substrate for bacteria that
produce proteases or enzymes that degrade proteases. Proteases that degrade fibrin
play a critical role in antithrombotic therapy (Fuad et al., 2020). Zobell Agar (ZA) media
must be utilized in the process of extracting bacteria from Dictyota sp. because it is
suited for the growth of marine algal symbiont bacteria since its composition is made
to mimic marine ecosystems, allowing bacteria from Dictyota sp. to grow and develop
optimally (Fuad et al., 2021). The selection process of protein-degrading bacterial
isolates can be conducted on skim milk agar (SMA) medium, and then fibrin agar (FA)
media must be chosen to determine fibrin-degrading bacteria (Hidayati et al., 2021).

Marine algae have biological components important for drug development in
the pharmaceutical industry. Several studies that have been conducted have
succeeded in isolating the secondary metabolite components of diterpenes in the
brown algae Dictyota sp., which are known to have antithrombotic, antimicrobial,
antiviral, and anti-inflammatory activities (Chen et al., 2018). The presence of
symbiotic microorganisms in algae makes it a potential source of alternative raw
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materials. Marine algae can be used in medicine, considering the potential of the
bioactive components contained therein and their adequate functionality (Safitri et al.,
2018).

Components of diterpenes, pachidictyol, and isopachidictyol in the
Genus Dictyota have been investigated for their antithrombotic properties and showed
an inhibitory activity of 50% against thrombin which is a pro-coagulation molecule
causing the formation of blood clots (thrombus). The presence of this component in
the Dictyota genus makes it a promising source of producing antithrombotic agents
(Cristina et al., 2017). Previous studies reported antithrombotic proteases from marine
bacteria isolated from the genus Laminaria of brown algae by Zhao et al., 2016.
Exploration of genus Dictyota as the source of fibrinolytic protease-producing bacteria
is barely reported. This study, Dictyota sp. was used as a source of bacteria-producing
fibrinolytic enzymes as candidates for antithrombotic agents, referring to their
secondary metabolite components, bioactivity, and potential bio-functionality to be
developed. The research aims to isolate fibrinolytic protease-producing bacteria
associated with fermented brown algae products Dictyota sp. of Awur Bay, Jepara,
Indonesia and to observe their hemolysis pattern to determine the pathogenicity
indication.

MATERIALS AND METHODS
Bacterial Samples

Fourteen bacterial isolates coded FD-1 to -14 (Figure 2) as samples in this
study were sub-cultured from those stored in the Microbiology Laboratory of
Universitas Muhammadiyah Semarang, Indonesia. The original isolates were
previously isolated by Afriansyah et al., 2021 from the fermented product of brown
algae Dictyota sp. (Figure 1) samples taken from Awur Bay, Jepara, Indonesia, in
January 2020 (Afriansyah et al., 2021). The morphology characteristics of the sample
were checked based on the description of the genus Dictyota sp. from literature
(Lamouroux, 1809).

Figure 1. Brown Algae (Dictyota sp.) Samples Were Collected in December 2020
from the Seas of Awur Bay, Jepara, Central Java, Indonesia.

Morphology Identification of Bacterial Colonies

Before screening for fibrinolytic protease activity, each sub-cultured isolate was
purified on Nutrient Agar (NA) medium (cat. no. CM000, Oxoid) 3 times. Next, bacterial
colony morphology characteristics, including shape, colour, edge, elevation, and
consistency, were observed (Fuad et al., 2020).
Selection of Proteolytic Bacteria

To qualitatively determine the protease activity of bacteria, the purified isolates
were grown in 5% (w/v) Skim Milk Agar (SMA) media. This SMA media was prepared
from 5g skim milk and 100 mL distilled water. Distilled water was first autoclaved at
121°C 1 atm for 5 min. After cooled to warm, 5g of skim milk powder was dissolved
and then re-autoclaved at 121°C 1 atm for 5 min (Fuad et al., 2020).
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For proteolytic bacteria selection, each of the 14 bacterial isolates was
cultivated on plates containing SMA media and then incubated for 24-48 h at 37°C.
The clear zone that appears around the colony indicates the presence of proteolytic
activity. The diameter of the clear zone and the diameter of the colony were measured.
The proteolytic activity is expressed as a proteolytic index which is the ratio between
the diameter of the clear zone divided by the diameter of the bacterial colony (Hidayati
et al., 2021).

Bacterial Cell Morphology Analysis on Proteolytic Isolates

Observation of bacterial cell characteristics under the optic microscope was
carried out on the selected proteolytic isolates. After Gram-staining, the Gram-
coloration characteristics, bacterial cell shape, and spores were also analyzed
(Cahyaningrum & Tri, 2021).

Selection of Fibrinolytic Bacteria

Screening of fibrinolytic bacteria was conducted on proteolytic isolates. To
qualitatively determine the presence of fibrinolytic enzyme activity, the positively
selected proteolytic isolates were grown on 3% (w/v) Fibrin Agar (FA) media
containing 1.7g agar in 20 mL distilled water; 3g fibrin in 20 mL 0.1 M buffer pH 7-8.
The mixture of all media components was autoclaved at 121°C for 30 mins. Each
proteolytic bacterial isolate was grown on plates containing FA media and then
incubated for 24-48 h at 37°C. The clear zone that appeared around the colony
indicates the presence of fibrinolytic activity. The diameter of the clear fibrinolytic zone
and the diameter of the colony were measured. Fibrinolytic activity is expressed as a
fibrinolytic index which is the ratio between the diameter of the clear zone divided by
the diameter of the bacterial colony (Fuad et al., 2020).

Determination of Proteolytic dan Fibrinolytic Indexes

The diameter of the clear zone formed around the colony on the medium was
measured, including the diameter of the colony and the diameter of the clear zone,
using a ruler or calliper. Hydrolysis Capacity (HC) formula was used for calculating the
proteolytic and fibrinolytic index; the formula is as follows (Cahyaningrum & Tri, 2021):

__ Clear Zone Diameter—Bacterial Colony Diameter

HC =

Clear Zone Diameter

The values of the hydrolysis capacity index can be a reference for the presence of
enzyme activity or the ability of bacteria to produce enzymes (Cahyaningrum & Tri,
2021).
Hemolysis Pattern Analysis of Fibrinolytic Protease-Producing Bacteria

All of the selected isolates of fibrinolytic protease-producing bacteria were
tested for their hemolysis activity. An active hemolysis activity indicates that certain
bacteria could produce hemolysin toxin, which indicates pathogenicity (Dayu et al.,
2021). To determine the hemolysis activity of fibrinolytic protease-producing bacteria
obtained in this study, all selected isolates were grown on Blood Agar Plate (BAP)
media (cat.no. CM0271, Oxoid). This media contained 5% sheep blood (v/w) and then
incubated at 37°C for 18-24 h. The appearance of a hemolysis zone around the
bacterial colonies on the medium indicates the presence of hemolysin activity. The
hemolysis zone around the colony emits a greenish colour indicating the type of a
hemolysis. The B hemolysis shows a bright hemolysis zone around the colony, while
the y hemolysis type does not show a hemolysis zone around the colony (Manu et al.,
2019).
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RESULTS AND DISCUSSION
Bacterial Colony Morphology and Proteolytic Screening Results

The algae samples were obtained from the waters of Awur Bay, Jepara. The
algae obtained had similar morphological characteristics as described on literature
(Lamouroux, 1809), such as ribbons, flat thallus with smooth edges, branching
dichotomous, and musty blunt. Of the 14 isolates shown in Figure 2, 8 isolates were
positive as protease producers, as indicated by the presence of a clear zone around
the colonies on SMA media. The colony of these eight isolates and their proteolytic
index values , ranging from 0.30 to 1.00, are shown in Table 2. As seen in Table 2,
isolates FD-02, FD-05, and FD-09 had the highest proteolytic index of 1.00, while the
isolates with the lowest proteolytic index were FD-13 of 0.30. Isolates FD-01, FD-04,
FD-06, FD-10, FD-11, and FD-12 showed negative results. Thus, they were grouped
as non-protease producers. In this study, 3 of 8 isolates were positive as protease
producers, as shown in Figure 4, were identified to produce fibrinolytic enzymes.

Figure 2. Fourteen Pure Isolates Obtained From the Fermentation of Dictyota sp. in
Nutrient Agar (NA) Medium. A. FD-01, B. FD-02, C. FD-03, D. FD-04, E. FD-05,
F. FD-06, G. FD-07, H. FD-08, I. FD-09, J. FD-10, K. FD-11, L. FD-12,

M. FD-13, N. FD-14
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Figure 3. Gram Staining Results On Bacterial Isolates Producing Fibrinolytic
Proteases Under a Microscope with 100X magnitude. A. FD-09, B. FD-13,
C. FD-14 Isolates.

Copyright © 2023, MLTJ, ISSN 2461-0879



Medical Laboratory Technology Journal | 106

As seen in Figure 3, these three positive isolates showed typical cell
characteristics. The cells of FD-13 and FD-14 isolates have rod shapes (bacilli) while
those of FD-09 isolate have coccobacillus shapes. All of these bacteria did not form
any spores. Their Gram characteristics are summarized in Table 1.

Table 1. Gram-Staining Analysis Result of Fibrinolytic Protease-Producing Bacteria

Isolates code Shape Spore Gram type
FD-09 Coccobacillus - Gram Negative
FD-13 Bacillus - Gram Negative
FD-14 Bacillus - Gram Negative

Figure 4. Skim Milk Agar Plate Showing Clear Zone of Bacterial isolates Producing
Protease Enzyme with Fibrinolytic Activity. A. FD-09; B. FD-13; C. FD-14.

Table 2. Colony Morphology and Proteolytic Index Data of Subculture Isolates

Bacterial  Shape Edge Color Elevation Consistency Proteolytic
isolate index
FD-01  round entire cream convex rough 0,00
FD-02 irregular undulate cream umbonate  rough 1,00
FD-03 circular Entire cream convex rough 0,45
FD-04  circular entire cream convex smooth 0,00
FD-05 circular entire cream umbonate = smooth 1,00
FD-06 irregular undulate cream convex smooth 0,00
FD-07 circular entire cream convex rough 0,58
FD-08 circular entire yellow flat rough 0,50
FD-09 circular entire yellow convex smooth 1,00
FD-10 irregular undulate white convex smooth 0,00
FD-11  irregular undulate cream flat rough 0,00
FD-12  circular  entire white convex smooth 0,00
FD-13 circular  undulate cream umbonate  rough 0,30
FD-14  circular  entire cream convex smooth 0,42

Fibrinolytic Activity of the Selected Proteolytic Bacteria

The 3 of 8 isolates that were positive for protease production (Figure 4), only 3
isolates, including FD-09, FD-13, and FD-14 were positively identified to produce
fibrinolytic enzymes (Figure 5). This was indicated by the presence of a clear zone
around the colony on FA media using Nattokinase as control. The appearance of a
clear zone indicated that the bacteria were able to degrade the fibrin substrate
contained in the medium.
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Figure 5. Fibrin Agar Plate Showing a Clear Zone of Bacterial Isolates Producing
Fibrinolytic Enzymes. K = Nattokinase, A = FD-09, B = FD-13, C= FD-14 isolates.

The fibrinolytic index values of these three isolates ranged from 2.0 to 2.9, as
shown in Table 3. FD-13 isolate had the highest fibrinolytic index value compared to
other isolates, namely 2.9, followed by FD-14 with a fibrinolytic index value of 2.6 and
FD-09 with a fibrinolytic index of 2.0. Results of Gram stain observations of bacteria-
producing fibrinolytic proteases are shown in Figure 3. The three bacterial isolates are
in a group of Gram-positive rod-shaped bacteria (bacilli), as shown in Figure 3.

Table 3. Fibrinolytic Index (FI) of Selected Isolates
Bacterial isolate  Fibrinolytic index

FD-09 2.0
FD-13 2.9
FD-14 2.6

The value of the fibrinolytic index can be used as a reference for the activity of
fibrin-splitting or fibrinolytic enzymes or the amounts of enzymes that bacteria can
produce. The high and low values of the fibrinolytic index indicate the amount of
enzyme production that bacteria can produce, but this can be influenced by many
factors, such as the age of the bacteria, storage conditions, living environment, and
the availability of sufficient nutrients to carry out enzyme production (Afriansyah et al.,
2021). Fuad et al., 2020. reported that three isolates producing fibrinolytic enzymes
were derived from the fermentation of H. scabra muscle tissue with a fibrinolytic index
ranging from 2.0 to 3.6. Fibrinolytic enzymes or plasmin are a group of protease
enzymes that can degrade or dissolves fibrin or fibrinogen. In the body, fibrinolytic
enzymes are produced by endothelial cells in the pancreatic duct. The production of
fibrinolytic enzymes in the body can be influenced by many factors, such as age and
diet; this can cause reduced plasmin production so that the performance of the
fibrinolytic system in the body is disrupted (Hu et al., 2019).

The mechanism of action of antithrombotic agents is divided into four main points,
namely plasmin activation, fibrin degradation, fibrinogen degradation, and preventing
the activation of fibrinogen into fibrin. In the case of thrombosis, it occurs due to the
formation of a blood clot (thrombus) in a blood vessel (Kartal, 2014). Under normal
conditions, a thrombus is formed to prevent bleeding, but under abnormal conditions,
a thrombus will form even though there is no trigger. In this case, fibrin plays a role in
thrombus formation in blood vessels (Kumar Arun, 2014). The accumulation of
thrombus causes blockage of blood vessels resulting in ischemia and infarction that
can trigger cardiovascular disease (CVD) (Xin et al., 2018).
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Administration of fibrinolytic enzymes can degrade fibrin which plays a role in the
process of thrombus formation or the so-called fibrinolysis process. Fibrinolysis is an
enzymatic degradation of fibrin and will be activated automatically along with the blood
clotting process. The fibrinolysis process can be seen in vitro using the fibrin plate
assay method,; if bacteria produce fibrinolytic enzymes, the fibrin substrate contained
in the medium will be degraded, which is characterized by the appearance of a clear
zone around the colony (Devaraj et al., 2018).

Isolate FD-09 did not show hemolysin production activity, indicated by the
absence of a hemolysis zone or identified as producing y-hemolysis, while isolate FD-
13 showed a bright hemolysis zone around the colony on the medium or identified as
B-hemolytic (Table 4). As shown in Figure 6, The FD-14 shows only partial hemolysis
(see arrow), and therefore categorized as a-hemolytic. By showing p and a-hemolysis
patterns, respectively, both FD-13 and FD-14 isolates are hemolysin producers
indicated by their blood lysis activity, which could be an indication of pathogenicity
(Asril & Leksikowati, 2019).

Figure 6. Hemolysin Activity Test Results on Blood Agar Media (BAP) of 3 Isolates of
Fibrinolytic Proteases-Producing Bacteria. Note: A = FD-09, B = FD-13,
C = FD-14 isolates.

Table 4. Hemolysis Patterns of Fibrinolytic Protease-Producing Isolates
Isolates code Hemolysis zone Hemolysis type

FD-09 - y-hemolysis
FD-13 + B-hemolysis
FD-14 + a-hemolysis

In this study, the three fibrinolytic protease isolates showed varying abilities to
produce hemolysins (Figure 6), including the FD-13 isolate, which produced a
hemolytic toxin, indicating high pathogenicity, while the FD-14 isolate, which produced
a hemolytic toxin, showed moderate pathogenicity. The isolate FD-09 did not produce
a hemolytic toxin, which indicates very low pathogenicity, so it can be said that it is
safe to be used as a candidate for antithrombotic therapy because the health risk is
very low. It has the potential for large-scale enzyme production. For the fibrinolytic
protease isolates in this study, future testing needs to be done, such as anticoagulant,
antiplatelet, and thrombolysis, regarding their potential as antithrombotic agents for
CVD therapy.

The application of fibrinolytic enzymes in the pharmaceutical industry can be
used as an antithrombotic agent. There are many antithrombotic agents in circulation,
such as nattokinase, streptokinase, urokinase, anistreplase, and tissue plasminogen
activator. However, in some cases, the existing antithrombotic agents are known to
have good side effects to be considered by their users (Sri Pananjung et al., 2016).
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Side effects that may appear can be caused by the ability of bacteria to produce
enzymatic toxins, one of which is hemolysin. The presence of hemolysin causes
bacteria to be able to lyse blood cells. The level of toxicity is distinguished based on
the type of hemolysis, but not limited to, hemolysis (Dayu et al., 2021).

Fibrinolytic enzyme activity can be tested in vitro through the fibrin plate assay
method, anti-thrombolytic effect using the Lee and White method, relative partial
thromboplastin time (RPTT), PT, aPTT, and can also be tested by clot retraction
examination with slight modifications. It is important to test the enzyme activity to
determine the functional ability of the enzyme (Umar & Sujud, 2020).

Factors affecting enzyme activity include temperature, acidity, inhibitors,
activators, and substrate concentration. The presence of inhibitors and activators
causes the working mechanism of the enzyme to be not optimal, or it can be said to
reduce its activity. Therefore, optimization needs to be done. Inhibitors and activators
can be removed through enzyme purification, which aims to remove ions, compounds,
and residues, as well as other elements that are not needed containing in enzymes so
that pure enzymes are obtained (Islamiyah et al., 2022; Wolberg et al., 2004). Several
enzyme purification methods have been successfully applied, such as precipitation
using EDTA and/or (NH4)2S04, dialysis or ion exchange, chromatography, and to
measure molecular weight and visualize enzyme activity using the zymographic
method (Sri Pananjung et al., 2016).

The search for new and safe sources of fibrinolytic enzymes still needs to be
done because the need for antithrombotic agents will continue to increase. Applying
fibrinolytic enzymes as antithrombotic agents can be the right solution in dealing with
the problem of thrombus formation, in addition to the many advantages behind
applying fibrinolytic enzymes from natural sources. Marine organisms such
as Dictyota sp. are a potential source of fibrinolytic proteases and have many
advantages, including being able to be produced on a large scale, productivity and
guality can be increased, and terms lower prices (Barzkar et al., 2022).

Limitations of this study, as other bacterial screening research, are the simplified
bacterial models, single-target focus (on bacterial enzyme) and limited physiological
relevance. Our bacterial screening assay was conducted on the laboratory-adapted
strains as the simplified model, which may not accurately represent the bacterial
populations in real-world testing. Our study focused on evaluating the activity of the
bacterial protease. While this approach provides valuable information about the
potential enzyme activity, it may not capture the complexity of bacterial protease
production mechanisms. Bacteria can employ various strategies in producing
proteases, which may not be fully captured in single-target assays (Knyphausen et al.,
2023). Also, our tests were conducted under controlled laboratory conditions, and
factors such as temperature, nutrient availability, and pH may differ from the conditions
encountered by bacteria in natural environments (Jin & Kirk, 2018). As a result, the
activity of compounds observed in vitro may not fully reflect their efficacy in vivo.
Further research still needs to be done for this research, such as testing the optimal
work activity of fibrinolytic enzymes, production of fibrinolytic enzymes, zymography
analysis, and activity test of fibrinolytic enzymes for antithrombotic drug development.
Furthermore, the fibrinolytic protease reported from this study needs further
confirmation of its antithrombotic characteristics in vivo before it can be used as a
candidate antithrombotic agent in clinical trials.
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CONCLUSION

The results of this study indicate that Dictyota sp. is a potential source of
fibrinolytic protease-producing bacteria. Three of 14 sub-cultured bacterial isolates,
the FD-09, FD-13, and FD-14, originated from the brown algae fermentation product
and were able to produce degradation zones both on skim milk and fibrin agar plates.
Regarding hemolysin toxin production, the three protease-producing bacterial isolates
have varied hemolysis patterns on blood agar plates, indicating different pathogenicity
levels.
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