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Abstract. Marine bacterial proteases, both as epibiont or symbiont, have gained attention for their
stability in harsh condition as well as their potential as therapeutic (thrombolytic and fibrinolytic) agents.
Indonesia with high algae biodiversity has a great opportunity to provide such therapeutic protease-
producing symbiont bacteria. Brown algae in particular contained higher protein levels compared to red
and green algae. Brown algae are widely found in Panjang Island, Karimunjawa, Central Java, Indonesia.
Yet information about the potential of such seaweed as rich source of endophytic bacteria producing
thrombolytic protease is scarce. This study aimed to obtain selected endophytic bacterial isolates of the
brown alga symbiont Chnoospora sp. capable of thrombolysis, followed by molecular bacterial
identification based on the 16S. As results, three endophytic bacterial strains CS-1, CS-2 and CS-3 (CS
refers to “Chnoospora sp. symbiont”) showing ability to form proteolytic zones on skim milk agar (SMA)
medium and thrombolytic activity were successfully isolated. Isolate CS-2 showed the best thrombolytic
activity and its molecular identification results based on BLAST (Basic Local Alignment Search Tool)
analysis confirmed that the bacterium shared 99.46% homology level with the species Metabacillus
indicus strain Sd/3 (Accession code: NR_029022.1.). The constructed phylogenetic tree based on 16S
rRNA gene supported the closest relationship of strain CS-2 with Metabacillus group.

Key Words: Chnoospora sp., macroalgae symbiont, marine bacterium, Metabacillus indicus, therapeutic
protease.

Introduction. Indonesia is a country with exceptionally high biodiversity. Such diversity
mainly comes from marine biological resources, including groups of algae. In almost all
coastal waters in Indonesia, macroalgae can be found (Sahri et al 2020; Farobie et al
2022). Macroalgae or seaweeds contain bioactive compounds including polysaccharides,
unsaturated fatty acids, polyphenolic compounds, peptides, vitamins, essential minerals
and enzymes, where these macromolecules are said to have activity as anticoagulants,
antivirals, anti-cancers, antioxidants and immunomodulators (Ganesan et al 2019).

There are 3 main groups of algae namely brown algae (Phaeophyceae), red algae
(Rhodophyceae) and green algae (Chlorophyceae). It was reported that among those
groups of seaweeds, the highest protein levels were recorded in brown algae and lowest
in green algae (Parveen & Nadumane 2020; Fauziee et al 2021). In the world several
types of brown algae have been reported to have a high protein content such as Ericaria
amentacea from the Middle East with a protein content of 141.4 g kg™, nevertheless this
algae species has not been found in Indonesia. The type of brown algae which has a high
protein content is Sargassum sp. with 16 g kg which is largely obtainable in Indonesia,
yet the bacteria associated with Sargassum sp. have been intensively studied (Wulansari
et al 2019; Fauziee et al 2021; Nurhilaliyah et al 2022). Meanwhile, the brown algae
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Chnoospora sp., when compared to the average protein content of other brown algae
found in Indonesia, has a relatively high protein content of 11.3-12.3 mg g (Parveen &
Nadumane 2020).

Protease is a large group of enzymes of which utilization is urgently needed in the
health industry as fibrinolytic and thrombolytic agents (Fuad et al 2021; Hidayati et al
2021; Ayanti et al 2022). Such therapeutic proteases can be sourced from animals,
plants, fungi and microorganisms. Various studies on endophytic bacteria producing
therapeutic proteases have been developed (Mamangkey et al 2022). Therapeutic
proteases from bacteria are more profitable in industry due to easy-to-control production,
faster cell growth (which is not affected by the season), and the easy cell genetic
manipulation. In particular, marine bacterial proteases are favorable for their stability in
harsh condition and for their potential as therapeutic (thrombolytic and fibrinolytic)
agents (Barzkar 2020; Gemechu et al 2020; Nurhilaliyah et al 2022).

Isolation of thrombolytic protease from endophytic bacteria with fibrinolytic
abilities from Chnoospora sp. inhabiting Karimunjawa seawater of Indonesia is yet to be
reported. Isolation of thrombolytic protease from the algal symbiont Chnoospora sp.
usually is started by screening protease-producing bacteria using skim milk agar (SMA)
medium based on the presence of a proteolytic clear zone formed. Next, the thrombolytic
activities of bacterial proteases can be tested using the gravimetric method. To study the
biodiversity of protease producing bacteria isolated from Chnoospora sp., it is necessary
to carry out 16S rRNA gene-based identification (Hidayati et al 2021; Zafrida et al 2022).

Molecular analysis of the bacterial 16S rRNA gene aiming to identify bacteria and
study the phylogenetic relationship of bacteria is generally carried out by the polymerase
chain reaction (PCR) (Japri et al 2019; Iskandar et al 2021). PCR is a molecular
identification method for bacteria with a high level of sensitivity and specificity (Yang et
al 2020). The 16S rRNA gene is a functional marker gene commonly analyzed to
determine the taxonomy of bacteria and to support the establishment of a novel bacterial
species (Jones et al 2019). The 16S rRNA gene sequence was then used as the basis of
phylogenetic analysis (Ethica & Sabdono 2021).

Phylogenetic analysis or so-called evolutionary tree is a series of analyzes to
determine how nucleotide or amino acid sequence families are derived during the
evolutionary process. Relationships are described by grouping certain bacterial DNA
sequences based on the level of homology in a phylogenetic tree (Coleman et al 2021).
The purpose of phylogenetic analysis is to construct relationships between organisms and
estimate differences from an ancestor to its offspring.

Finding new sources of therapeutic proteases with thrombolytic activity from
endophytic bacteria of brown seaweeds is interesting yet important to do to support
health sector. The higher level of proteins in such macroalgae can increase the possibility
to obtain proteolytic bacteria, since protein in general is a specific substrate of protease
(Nurhilaliyah et al 2022). Next, phylogenetic analysis of endophytic bacteria in
Chnoospora sp. producing proteases thrombolytic activity needs to be carried out to
determine the kinship relationship with other reported bacteria. The aim of this study was
to identify selected endophytic bacterial isolates of the brown algal symbiont Chnoospora
sp. Thrombolysis is possible, followed by 16S-based molecular bacterial identification.

Material and Method. The sample used in this study was brown seaweed Chnoospora
sp. collected from seawaters surrounding Panjang Island of Karimunjawa Islands, Central
Java Indonesia, at a depth of 3-7 m. The sampling has been conducted during 10-12%" of
January, 2022.

Algal sampling. The macroalgae sample was photographed under water (Figure 1), and
then taken and put into a zipper bag. The sample was then brought to the surface and
put into a cool box and then taken to the Microbiology Laboratory, Universitas
Muhamamdiyah, Semarang, at the same day.
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Figure 1. Underwater photograph and of Chnoospora sp. inhabiting seawater of Panjang
Island, Karimunjawa, Central Java, Indonesia and its aliquoted sample in laboratory.

Endophytic bacterial isolation. Endophytic bacterial isolation was conducted following
steps reported from previous study (Wulansari et al 2019). As much as 1 g of algal
sample was weighed which surface was first sterilized using 70% alcohol for 1 min, and
then soaked in 5.25% sodium hypochlorite for 3 min before rinsing it with running sterile
water. Samples were air-dried, and then crushed. After that, bacterial isolation was
carried out by serial dilution with physiological NaCl. The diluted samples were inoculated
into nutrient agar (NA) medium enriched with 0.01% Nystatin by spreading technique,
and then incubated for 24 h at 37°C. Each distinct colony was individually purified in the
same medium in triplicates (Japri et al 2019).

Bacterial protease production test. The obtained endophytic bacterial isolates from
previous step were dotted on SMA medium before incubation for 24 h at 37°C. The
proteolytic clear zones formed were observed until the 7" day of incubation. The
formation of such clear zones was observed as indication of protease production by
bacteria (Harun et al 2018). To visually clarify the formed proteolytic clear zone on solid
medium, 5% Lugol was pured on the surface of each plate of solid medium (Hidayati et al
2021).

Isolation of bacterial crude protease. Enzyme production was carried out using
minimal synthetic medium (MSM) starter medium with the addition of 1% skim milk
powder. A loopful of bacterial single colony was put into 300 mL of starter medium and
placed in an incubator shaker at 37°C for 24 h. As much as 10% of the starter was
inoculated into 300 mL of liquid production medium and incubated for 48 h under similar
conditions as the starter. The obtained sample was then centrifuged after 48 h at 6000
rpm for 30 mins at 4°C to separate the bacterial cells. Supernatant was regarded as
bacterial crude protease, and then subjected to thrombolytic activity test (Harun et al
2018; Fuad et al 2021).

Thrombolytic activity test of bacterial crude protease. In vitro thrombolytic activity
test was conducted using fresh blood from blood bank (without anticoagulant addition) as
reported from previous study (Hidayati et al 2021). Each of five 1.5-mL empty
microtubes was weighed and coded as negative control, positive control and samples. A
total of 600 uL of blood was added to each tube, then allowed to stand for 30 mins until
blood clots occurred. The serum was removed by centrifugation. Each microtube
containing the blood clot was then weighed. The weight of the clot could be calculated by
subtracting the weight of the tube containing the clot from the empty tube (clot weight =
weight of the clot in the tube - weight of the empty tube) (Fuad et al 2021). As much as
100 pL of water was added to the negative control tube, while 100 uL of Natokinase was
put into the positive control tube. Into each of sample tubes, 100 pL of bacterial crude
protease was added. All of the tubes were then incubated at 37°C for 30 mins.
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Molecular identification of bacteria

Bacterial genomic DNA extraction. Cells of proteolytic bacteria were diluted and cultivated
in brain heart infusion broth (BHIB) agar. After 24-h incubation, the total DNA of the
bacteria was extracted from the cells using Presto™ Mini gDNA Bacterial extraction Kit
(Geneaid) (Zhang et al 2020).

Cloning and amplification of bacterial 16S rDNA. Cloning was performed using the Qiagen
PCR Cloning Kit (UA-cloning, Qiagen) and the purified amplicons were ligated into the
pDrive cloning vector and transformed into Qiagen EZ-competent Escherichia coli cells
according to the manufacturer's instructions (Zhang et al 2020). Amplification of the
cloned 16S rRNA gene fragment using the extracted DNA as template was done following
previously reported procedure using Go Tag Green Master Mix (Promega) (Hidayati et al
2021). The primers used in amplification process were universal pair for 16S rDNA: 27-F
(5'-AGA GTT TGA TCC TGG CTC AG-3') and 1492-R (5'-GGT TAC CTT GTT ACG ACT T-3")
(dos Santos et al 2019). PCR products were purified using the QIAquick PCR Purification
Kit (Qiagen).

Cloned 16S rRNA sequencing. PCR amplification product of 16S rRNA gene fragment from
bacterial isolates and clones was sequenced at PT. Genetika Science Indonesia by Sanger
method. The obtained DNA sequences in Fasta format were then analyzed using
bioinformatics tools (Ethica & Sabdono 2021).

Results and Discussion

Isolation and characterization of endophytic bacteria. Of the total endophytic
bacteria found in the Chnoospora sp. samples, 8 purified bacterial isolates with distinct
colony characteristics could be obtained (Table 1). These isolates were coded CS-1 to -8
referring to “Chnoosopora sp. Symbiont”. Based on Table 1, 5 out of 8 obtained
endophytic bacterial isolates were Gram-positive and the rest were Gram-negative. Cell
shapes of most isolates were bacilli. Colonies of all of these endophytic bacterial isolates
were then subjected to proteolytic assay on SMA (Fuad et al 2021). Gram staining results
of the 8 isolates are displayed in Figure 2.

CSs-2 CS-3 Cs-4

1
1
f

cs-5 cs-6 cs-7 cs-8
Figure 2. Eight different types of cells of endophytic bacterial isolates obtained from
brown seaweed Chnoospora sp. in Karimunjawa after Gram-staining.
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Table 1
Morphology of endophytic bacterial colonies that are symbiont with brown seaweed
Chnoospora sp. purified on nutrient agar (NA) medium

No Isolate code Colony morphology

’ (strain) Arrangement Cell shapes Gram +/- Color Edge
1 Cs-1 Solitary Bacilli - White Entire
2 Cs-2 Chain Bacilli + Yellow Entire
3 Cs-3 Solitary Bacilli - Cream Lobate
4 Cs-4 Chain Bacilli + Creamy white Undulate
5 CSs-5 Chain Bacilli + White Entire
6 CSs-6 Chain Bacilli - Cream Entire
7 Cs-7 Chain Bacilli + White Entire
8 CS-8 Cluster Cocci + White Undulate

Note: CS = Chnoospora sp. symbiont; (+) = Gram-positive; (-) = Gram-negative.

Proteolytic assay of endophytic bacteria. Results of proteolytic assay on 8
endophytic bacterial isolates showed that only 3 isolates can produce protease. These 3
proteolytic isolates along with the clear zones they produced on SMA medium after 1%
and 7™ day of observation are displayed in Table 2. The presence of a clear zone around
the colony in the SMA medium indicated that the bacteria utilized casein protein
contained in the medium. The diameter size of the proteolytic hydrolysis zones
qualitatively represented the protease production capacity of the bacteria.

Table 2
Morphology of endophytic bacterial colonies that are symbiont with brown seaweed
Chnoospora sp. purified on nutrient agar (NA) medium

Incubation period Bacterial code
on skim milk agar
medium CSs-2 CS-4 CS-5
1 day .‘
— , l“ \’
0O U/ L )
4
7 days

As seen on Table 2, the size of proteolytic clear zone of CS-2, CS-4 and CS-5 isolates on
SMA medium with 0.5% lugol staining after 7 days of incubation revealed that isolate CS-
2 increased. It indicates that by time more casein contained in the medium has been
successfully converted by bacteria into short chain peptide compounds and amino acids.

Thrombolytic assay of endophytic bacterial crude protease. Selected endophytic
bacteria were grown in SMB medium to obtain crude enzyme. After centrifugation, the
resulted crude enzyme was tested for its thrombolytic acidity. Three of 8 obtained
endophytic bacterial isolates producing protease (CS-2, CS-4 and CS-5 isolates) in this
study showed thrombolytic activity. A commercial supplement Nattokinase (Natto-10)
was used as a positive control in blood clot lysis test. Nattokinase is protease produced
by Bacillus natto, which has been widely used as antithrombosis agent with a prominent
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thrombolytic activity. A thrombolytic agent has a function to increase blood flow by either
inhibiting platelet aggregation or preventing thrombus formation. The use of such
positive control is also useful to determine if thrombolytic activity of protease studied can
compete with that of commercial protease.

Based on Table 3 and Figure 3, the results of the thrombolytic activity test show
that crude proteases from three bacterial isolates (CS-2, CS-4 and CS-5) positively
demonstrated ability to lyse blood clot. The highest percentage of clot lysis (%) of all
belongs to CS-2 (sample code C) by 53.47+0.10, which value was higher than that of
positive control by 49.82+0.08. This shows that protease of CS-2 isolate has the most
competitive value in terms of in vitro thrombolytic activity and therefore more
characterization should be done on the particular isolate. Based on gravimetry results,
molecular identification of CS-2 isolate was then done to support the scale up of crude
protease production of the isolate. This step was also necessary to molecularly
characterize protease of CS-2 bacterium before it can be developed as commercial
antithrombosis agent in the future.

Table 3
Gravimetri assay results representing in vitro thrombolytic activity potential of crude
protease of endophytic bacteria isolated from brown seaweeds Chnoospora sp.

Sample code Percentage of clot lysis (%)
Negative control (untreated blood) 4,12+0.12
Positive control (Natto-10) 49,82+0.08
CS-2 crude protease 53.47+0.10
CS-4 crude protease 47.22+0.06
CS-5 crude protease 49.30+£0.09

Figure 3. Blood clot-lysis (gravimetry) test results of crude enzyme of 3 endophytic
proteolytic bacteria isolated from Chnoospora sp. Tubes were filled with blood clot with:
A. No addition of enzyme (negative control), B. 100 uL commercial Nattokinase (Natto-
10) (positive control), C. 100 uL crude enzyme 100% from CS-2 isolate, D. 100 puL crude

protease 100% from CS-4 isolate, E. 100 uL crude protease 100% from CS-5 isolate.

Molecular identification of CS-2 bacterium. Bacterial DNA cloning and
amplification. In this study, genomic DNA of CS-2 bacterium with the best and
competitive in vitro thrombolytic activity of all endophytic bacteria isolated from
Chnoospora sp. was successfully extracted. The extracted genomic DNA was then purified
before subjected to gene cloning and PCR amplification.

Using 27-F (5'-AGA GTT TGA TCC TGG CTC AG-3') and 1492-R (5'-GGT TAC CTT
GTT ACG ACT T-3') primers, PCR products were confirmed as a single DNA band 2%
agarose electrophoresis gel sized ~1500 bp as indicated by the DNA marker (Figure 4).
This size matched the expected size of the bacterial 16S rRNA genes, which size is
around 1500 bp (Ethica & Sabdono 2021).
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Figure 4. Electrophoresis visualization result of 16S rRNA PCR gene products of
endophytic bacterial isolate CS-2 with UV Transluminator. M = Marker, 1 = CS-2, 2 =
CS-4, 3 = CS-5 bacterial isolates. Each lane of samples on gel showed a single band

sized ~1500 bp.

In this study, the obtained clones harboring 16S rRNA gene were sent to PT. Genetika
Science Indonesia for sequencing using the Sanger method. The overall sequence of
bases from the results of the 16S rRNA CS-2 gene cloning products can be seen in Figure
5. Sequenced DNA was then further analyzed using bioinformatics tool to determine
taxonomy of CS-2 bacterium.

[ TGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGETGTGGTGETTACGCGCAGCGTGACCGCTACACTTGCCAGCGCC
CTAGCGCCCGCTCCTTTCACTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTARATCGGGG
GCTCCCTTTAGGGTTCCGAT TTAGTGCTTTACGGCACCTCGACCCCAARARACTTGATTAGGGTGATGGTTCACGTAGTG
GGCCATCGCCCTGATAGACGGT TTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCARACT
GGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGAT TTATAAGGGAT TTTGCCGATTTCGGCCTATTGGTTAAAAAA
TGAGCTGAT TTAACAAAAAT TTAACGCGAATTTTAACAARATATTAACGCTTACAATT TCCATTCGCCATTCAGGCTGCG
CAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGARAGGGGGATGTGCTGCAAGGCGAT
TAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGCGCGCGTAATACGACTCACTA
TAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCCCAATACTTGGTTA
CCTTGTTACGACTTCACCCCAATCATCTACCCCACCTTAGGCGGC TGGCTCCTTGCGGTTACCCCACCGACTTCGGGTG

TTGCAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTAC
TAGCGATTCCAGCTTCATGCAGGCGAGTTGCAGCCTGCAATCCGAACTGAGAATGGTTTTATGGGATTGGCTARACCTCG
CGETCTCGCAGCCCTTTGTACCATCCATTGCAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATC
CCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAAC TAAGATCARGGGTTGCGC
TCETTGCGGGACTTAACCCAACATCTCACGACACGAGC TGACGACAACCATGCACCACCTGTCACT TTGTCCCCCGRAGG
GGAACCTTCTATCTCTAGAAGT GGCAAAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGC TTCGAATTAAACCACATG
CTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGT TTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATG
CGTTAGCTGCAGCAC TAAAGGGCGGAAACCCTCTAACACTTAGCACTCATCGTTTACGGCGTGGAC TACCAGGGTATCTA
ATCCTGTTCGCTCCCCACGCTTTCGCGCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCA
CATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCC TCTTCTGCACTCAAGTTTCCCAGTTTCCAATGACCCT
CCCCEGTTGAGCCGEGGGCT TTCACATCAGAC TTAAGAAACCGCC TGCGCGCGCTTTACGCCCAATAATTCCGGACAACG
CTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGT TAGCCGTGGC TTTCTGGTCAGGTACCGTCAAGGTGCCGGCA
GTTACTTCGGCACTTGTTCT TCCCTGACAACAGAGTT TTACGATCCGARRACCT TCATCACTCACGCGGCGTTGCTCCGT
CAGACTTTCGTCCATTGCGGAAGAT TCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCC
GATCACCCTCTCAGGTCGGC TACGCATCGTCGCCTTGGTGAGCCATTACCTCACCAACTAGE TAATGCGCCGCGGGCCCA
TCTGTAAGTGACAGCCGAAACCGTCT TTGAATGTCAAACCATGCGGTTTGACATAGTATCCGGTAT TAGCTCCGGCTTCC
CGGAGTTATCCCAGTCTTACAGGCAGGTTGCCCACGTGTTACT CACCCGTCCGCCGCTGATC TCCGAAGAGATCCGCTCG
ACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCCAGGATCARACTCTAGTATTGGGAATTCCTGCAGCCCG

GGGGATCCACTAGTTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGT TEEETT TAGTGAGGGTTAATIGCGCG
CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGT TATCCGCTCACAATT CCACACAACATACGAGCCGGAA
GCATARAGTGTAAAGCCTGGGGTGCC TAATGAGTGAGCTAACT CACATTAATTGCGTTGCGC TCACTGCCCGCTTTCCAG
TCGGGAAACCTGTCGTGCCAGC TGCATTAATGAAT CGGCCAACGCGCGGGGAGAGGCGGT TTGCGTATTGGGCGCTCTTC
CGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCARAGGCGGTAATAC
GGT TATCCACAGAATCAGGGGATAACGCAGGARAGAACATGTGAGCARARGGC CAGCAARAGGC CAGGAACCGTAAAAAG
GCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAARAATCGACGCTCAAGTCAGAGGTGGCG
ARACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGC
TTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGC TGTAGGTATCTCAGTTCG
GTGTAGGTCGTTCGCTCCAAGC TGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTA
TCGTCTTGAGTCCAACCCGGTAAGACACGACT TATCGCCACTGGCAGCAGCCACTGGTAACAGGAT TAGCAGAGCGAGGT
ATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCT
CTGCTGAAGCCAGT TACCTTCGGAAAAAGAGT TGGTAGCTCTTGATCCGGCAAACARACCACCGCTGGTAGCGGTGGTTT
TTTTGTTTGCAAGCAGCAGATTACGCGCAGAAARAAAGGAT CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACG
CTCAGTGGAACGAAAACT CACGTTAAGGGATTTTGGTCATGAGAT TATCARAAAGGAT CTTCACCTAGATCCTTTTARAT
TAARAATGAAGT TTTAAATCAATCTARAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGC
ACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATARACCAG
CCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGC
TAGAGTAAGTAGTTCGCCAGTTAATAGT TTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGT
TTGGTATGGCTTCATTCAGCTCCGGT TCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAARAGCGGTT
AGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGT TGGCCGCAGTGT TATCACTCATGGTTATGGCAGCACTGCATAA
TTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTA
TGCGGCGACCGAGTTGCTCTTGCCCGGCGTCARTACGGGATAATACCGCGCCACATAGCAGAACTTTARAAGTGCTCATC

Figure 5. The overall sequence the cloned products of 16S rRNA gene of endophytic
bacterial isolate CS-2 gene: Note: Yellow highlighted = Primer Forward T7
(TAATACGACTCACTATAGGG); Green highlighted = Primer Reverse T3
(CCCTTTAGTGAGGGTTAATT).

The 16S rRNA gene cloning step aimed to obtain the full-length sequence of the marker
gene. The cloning process basically consisted in a series of processes consisting of
ligation reactions, transformation and isolation of recombinant DNA from transformants
(Glick & Patten 2022). Ligation reaction is a combination of a target DNA molecule with a
vector to produce recombinant DNA. The 16S rRNA gene is the target DNA which was
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previously obtained by PCR method using pTA2 vector (Zafrida et al 2022). Successful
cloning was indicated by the presence of white colonies as signed that recombinant DNA
is already transformed in E. coli Zymo-5a bacteria as clones carrying recombinant DNA
(data not shown).

Bioinformatics analysis. Bioinformatics analysis was carried out to obtain consensus of
forward and reverse sequenced 16S rRNA gene with the DNA Baser Sequence Assembler
Program (Heracle BioSoft SRL, Mioveni, Romania). The consensus sequence was then
further analyzed to match with analog DNA sequences retrieved in the GenBank using
Basic Local Alignment Search Tool (BLAST) of NCBI (National Center for Biotechnology
Information). BLAST was accessed from https://blast.ncbi.nlm.nih.gov/Blast.cgi (Fuad et
al 2021).

The results of BLAST analysis of endophytic bacterium producing thrombolytic
protease strain CS-2 were obtained. The obtained consensus sequence in fasta type of
file along with its BLAST results are displayed in Figure 6.

>Metabacillus indicus CS-2 16S ribosomal RNA (rRNA), cloned
GTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACG
TGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGT
TGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACC
CGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGAC
CTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGA
AGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCG
GTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAA
TACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCT
TAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTT
GAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAG
GAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTG
GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGT
TAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTA
CGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGT
GGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTA
GAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCG
TGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAACGCAACCCTTGATCTTAGTTGCCAGC
ATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACG
TCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAG
GGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGT
CTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTG
AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGA
AGTCGGTGAGGTAACCTTTTAGGAGCCAGCCGCCGAA

Max Total Query E Per.

Descipiion Sclentilc Kae Score Score Cover value Ident AN Accession
- - - - v

Metabacillus indicus strain Sd/3 16S ribosomal RNA _partial sequence Metabacillus indicus 2712 2712 $9% 00 9946% 1505 NR_029022 1
Metabacillus dongyingensis strain BY2G20 chromosome, complete genome Metabacillus dongyingensis 2647 29093 99% 0.0 98.60% 5053952 CP082944.1
Metabacillus sp. strain KIGAM252 16S ri mal RNA gene,_partial sequence Metabacillus flavus 2536 2536 99% 00 97.26% 1539 ON3945361
Metabacillus sp. strain KIGAM252 16S ribosomal RNA gene,_partial sequence Metabacillus flavus 2531 2531 99% 00 97.20% 1539 ON394542.1
Metabacillus sp_strain KIGAM252 16S ribosomal RNA gene _partial sequence Metabadillus flavus 2531 2531 99% 00 97.20% 1539 (QON3945411
Metabacillus sp. strain KIGAM252 168 ribosomal RNA gene, partial sequence Metabacillus flavus 2531 2531 99% 00 9720% 1539 (ON394540.1
Metabacillus sp. strain KIGAM252 16S ribosomal RNA gene_partial sequence Metabacillus flavus 2525 2525 99% 00 97.13% 1539 ON394539.1
Metabacillus mangrovi strain AK61 16S ribosomal RNA, partial sequence Metabacillus mangrovi 2497 2497 97% 00 9748% 1464 NR_157636.1
Metabacillus indicus strain LMG 22858 16S ribosomal RNA gene, partial sequence Metabacillus indicus 2495 2495 92% 00 99.28% 1379 MN543833.1
Bacillus sp_Marseille-P9898 partial 16S RNA gene, strain Marseille-P9898 Me! illus schmi 2442 2442 9% 00 96.02% 1548 R7979401

Figure 6. Consensus of sequenced 16S rRNA gene of endophytic bacterial isolate CS-2
sized 1417 bp was obtained by Sanger Method and assembled by DNA Baser Sequence
Assembler Program (Heracle BioSoft SRL, Mioveni, Romania) along with its BLAST (Basic
Local Alignment Search Tool) result.

The data in Figure 6 showed that 16S rRNA gene sequence of strain CS-2 shared 99.93%
similarity level with that of Metabacillus indicus strain Sd/3 (NCBI Accession code:
NR_029022.1.). After taxonomy determination of CS-2 strain by BLAST was complete,
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the bacterial 16S rRNA gene sequence was then used as base to construct a phylogenetic
tree. Phylogenic tree of CS-2 isolate designed using the MEGA X program (Kumar et al
2018; Stecher et al 2020) is displayed in Figure 7. The Neighbor-Joining Tree algorithm
was used to design the phylogenic tree (Tamura et al 2004; Iskandar et al 2021).

97 Metabacillus litoralis SW-211

0.02

94 0.01

Metabacillus niabensis CPO MCS27.1-Y62

0.01

Metabacillus indicus Sd/3 DSM 15820
0.00 0.02

100

- Isolate CS-2
0.03 0.03

Bacillus thuringiensis X-1

0.03

100 Lactobacillus acidophilus BMF 6Lb6

0.03

S Lactobacillus helveticus type strain: DSM 20075

Pseudomonas aeruginosa 57 ] outgroup

100 0.08

Alteromonas macleodii 107 DSM 6062
0.05 100 0.07

0.03 o S Actinobacillus pleuropneumoniae E05332

Escherichia coli JCM 16946

0.01

e Vibrio aestuarianus NBRC 15629

Figure 7. Phylogenetic tree of endophytic bacterium CS-2 isolated from brown
macroalgae Chnoospora sp. with a competitive in vitro thrombolytic activity. The tree was
constructed using Neighbour-Joining algorithm (Kumar et al 2018; Stecher et al 2020).

From the phylogenic tree (Figure 7), it can be seen that the CS-2 strain has the closest
relationship with Metabacillus indicus Sd/3. In more detail, strain CS-2 appeared in the
same phylogenic branch with Metabacillus cluster group although with only a bootstrap
value of 64. The bootstrap value is less than 70% meaning that the relationship is
actually weakly supported. However, in terms of sequence divergence, there are only 3
bases differences in every 100 bases (0.003 scale bar) between isolate CS-2 and M.
indicus Sd/3 meaning the number of mutation/evolutionary events between compared
species is relatively low.

BLAST and phylogeny analysis results obtained basically can support that isolate
CS-2 has DNA similarity and the closest relationship with Metabacillus indicus (formerly
Bacillus indicus). M. indicus was first reported from West Bengal, India in 2004 as an
arsenic-resistant with strain name Sd/3T (=MTCC 4374T=DSM 15820T). The bacterium
was rod-shaped, Gram-positive, immobile, endospore-forming, with yellowish-orange
color. It had all the characteristics corresponding to the genus Bacillus. Based on its
chemotaxonomic and phylogenetic characteristics, the Sd/3T strain was identified as a
species of the genus Bacillus (Suresh et al 2004).

In this work, observation results on colony morphology of isolate CS-2 are in line
with the molecular analysis results, and both matched to the reported description of M.
indicus bacterial species. Isolate CS-2 has yellow color (see Figure 8) similar to that of M.
indicus. Steiger et al (2015) reported that the yellow color of M. indicus cells was due to
their ability to produce carotenoid, which contains yellow pigment. Genotypically, the
genome of M. indicus contains the genes coding for C30 carotenoid pathways.
Carotenoids are natural dyes that can be used as textile dyes that are non-toxic and have
anti-bacterial properties (Brunt & Burges 2018).
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Figure 8. Yellow colonies of Metabacillus indicus strain CS-2 bacterium on nutrient agar
medium isolated from brown macroalgae Chnoospora sp. inhabiting seawater around
Panjang Island, Karimunjawa, Indonesia.

Conclusions. Three of 8 endophytic symbiont bacteria with proteolytic activities can be
isolated from protein-rich brown macro algae Chnoospora sp. Among 3 endophytic
bacteria producing protease coded CS-2, CS-4 and CS-5, only the CS-2 isolate could
show a competitive in vitro thrombolytic protease when compared to commercial
supplement Nattokinase as standard. Isolate CS-2 was morphologically and molecularly
identified as Metabacillus indicus CS-2. Overall, efforts to obtain a new source of
therapeutic protease from symbiont (endophytic) bacteria living in Chnoospora sp. tissue
inhabiting Karimunjawa seawater in this study showed positive outcomes. Three
endophytic bacterial isolates namely CS-2, CS-4 and CS-5 producing protease with in
vitro thrombolytic activity were obtained. Among the 3, an isolate with the best and most
competitive thrombolytic activity was morphologically and molecularly identified as
Metabacillus indicus CS-2 (CS is referring to “"Chnoospora sp. Symbiont”). In the next
future, further research needs to be done to test whether protease produced by strain
CS-2 could be confirmed by in vivo and clinical assays. In addition, it is also important to
characterize protease from the bacterium in terms of substrate specificity, pH and
temperature stabilities.
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