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Abstract

The presence of bacteria resistant to various types of antibiotics referred to as MDR (Multi Drugs Resistant) bacteria
has driven the exploration of bioactive compounds as new antibiotic candidates. Tunicates-associated bacteria have been
reported to have the potential to produce bioactive compounds that can fight MDR bacteria. This study aims to isolate
and analyze the number of colonies of tunicate-associated bacteria on different media, analyze the antibacterial activity
of isolates against MDR bacteria, find potential tunicate-associated bacterial species in inhibiting MDR bacteria, and
detect PKS-1 and NRPS genes from potential isolates. The methods used were isolation of associated bacteria by
multistage dilution method, screening of antibacterial activity using agar plug method, amplification of 16S rRNA, PKS-
1 and NRPS genes using Polymerase Chain Reaction (PCR) method, and species identification by 16S rRNA gene
sequencing then analyzed using Basic Local Alignment Search Tool (BLAST). The results were obtained tunicates from
the Genera Polycitorella, Plebobranchia, Rhopalaea, Clavelina, and Didemnum. Pure isolates that were successfully
isolated from the 6 tunicates were 12 isolates from Zobell 2216 media and 69 isolates from M1 media. Potential isolates
obtained include isolate KM402-02 which is Klebsiella variicola (homology 99.20%) able to inhibit S. aureus (3.3 mm),
E. coli (5.8 mm) and P. aeruginosa (4.6 mm), isolate KJ2Z411-04 is Vibrio alginolytiicus (homology 99.86%) able to
inhibit S. aureus (10 mm) and E. coli (8.4 mm), and isolate KJ2Z318-01 is Bacillus paramycoides (homology 99.86%)
able to inhibit S. aureus (7.8 mm) and E. coli (4.1 mm). Isolation using M1 media showed better results on the growth of
tunicates association bacteria. This study succeeded in identifying 3 potential bacteria as anti-MDR. PKS-1 gene was

detected in Klebsiella variicola and Vibrio alginolytiicus.
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Introduction

Antibiotic resistance in bacteria develops as a
consequence of unnecessary and improper antibiotic
use. The diversity in bacterial classifications, patterns of
pathogen sensitivity, and the continuous discovery of
new antibiotics complicate the selection of appropriate

antibiotics for treating diseases, thereby

potentiallyfostering bacterial resistance [1]. The ability
of bacteria to counteract antibacterial agents can lead to
the formation of Multi-Drug Resistant (MDR) bacterial
strains, resistant to multiple antibiotic types. The
emergence of diseases caused by resistant bacteria has
driven the exploration of new drugs, though resistance

to these drugs often develops rapidly [2], limiting the
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available options for effectively combating infections
caused by MDR bacteria, such as Pseudomonas
aeruginosa,  Methicillin-Resistant ~ Staphylococcus
aureus (MRSA), Escherichia coli, Acinetobacter
baumannii, Klebsiella pneumoniae, among others [3].
This challenge underscores the need for exploring
bioactive compounds as potential candidates for new
antibiotics against MDR bacterial infections.

Indonesia’s rich marine biodiversity offers a
promising source of bioactive compounds. Marine
Natural Products (MNPs) accumulate in marine
invertebrates such as sponges, tunicates, bryozoans, and
mollusks [4]. Tunicates, in particular, host a wide
variety of symbiotic microorganisms due to their unique
filtration and digestive systems [5]. Symbiotic
microorganisms isolated from tunicates include
members of the Bacteria, Archaea, and Fungi groups,
with bacteria being the most abundant and diverse [6].
Bioactive compounds produced by tunicates and their
bacterial symbionts exhibit antibacterial properties;
these include Patelazole C & D, Clavanin, Halocyntin &
Papilopsin, Halocidin [7], and Crucidasterin [8]. In
Indonesia, tunicates and their associated bacteria remain
an underexplored bioresource [9]. The potential of
tunicates-associated  bacteria as  producers of
antibacterial compounds increases the likelihood of
discovering bioactive compounds capable of combating
pathogenic MDR bacteria in humans. The production of
bioactive compounds by bacteria is influenced by
environmental factors such as temperature, pH, media
composition, and fermentation duration. Small changes
in media composition can significantly impact the
quality and quantity of secondary metabolite
production, as well as the organism’s overall metabolic
balance [10].

Secondary metabolites are typically synthesized
by enzymes encoded within biosynthetic gene clusters
(Biosynthetic Gene Clusters, BGC), including PKS
(polyketide synthases) and NRPS (non-ribosomal
peptide synthetases) genes. A range of polyketides and
peptides used in pharmaceuticals, agriculture, and
biochemistry - including antibiotics (penicillin,
vancomycin, and erythromycin), antifungals (nystatin),
antitumor (ansamitocin, bleomycin), and
immunosuppressants (rapamycin) - are synthesized by
type-I PKS (PKS-1) and NRPS [11]. The synthesis of
secondary metabolites is often a response to specific

environmental conditions, and BGCs may be expressed
at low levels in laboratory conditions, resulting in
metabolites that fall below analytical detection
thresholds [12]. Consequently, the detection of PKS-1
and NRPS genes can serve as an initial indicator of the
potential for secondary metabolites within the genome
of tunicate-associated bacteria, contributing to the
discovery of bioactive compounds as candidates for new
antibiotics.

Materials and methods

Sample collection

The ascidian sample was collected from Kumbang
Shipwreck located at a depth of 12 - 20 m using SCUBA
Diving gear. The sampling point was in coordinate
5°46'22.05"S and 110°14"28.05"E. The ascidian sample
was collected randomly, put in sterile Ziplock plastic
with its surrounding seawater, and then put the Ziplock
plastic inside the cool box for further processing in the

Laboratory.

Isolation and purification

Isolation of ascidian-associated bacteria was using
serial dilution and spread method, meanwhile, the
purification was based on the morphology of the colony.
Tunicate tissue ad much as 1 g was grinded and diluted
in stages, 30 uL of 103 and 10* dilutions were spread on
the surface of Zobell 2216 (40,25 g of Zobell powder
and 15 g of agar into 1 L seawater) and M1(10 g of
starch, 4 g of yeast extract, 2 g of peptones, 15 g of agar
into 1 L seawater) media that had been added with 25
mg/L nystatin, then incubated for 2 days at room
temperature [9]. The colonies bacteria that grow were
separated based on differences in colony morphology
using streak method on the same media from isolation.

This method was conducted in [13].

Screening of anti-MDR activity

Antibacterial activity screening was conducted
using the plug agar method [14]. A loopful of each MDR
bacteria strain (E. coli, S. aureus, and P. aeruginosa)
was transferred to NB medium and shaken overnight at
120 rpm. The overnight MDR bacterial culture
(approximately 20 h) was then diluted with sterile
distilled water to turbidity matching the 0.5 McFarland
standard, equivalent to 1x10% CFU/mL. The 0.5
McFarland bacterial suspension was spread onto the
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surface of the MHA medium using a cotton swab.
Overnight cultures of bacterial isolates on M1 or Zobell
medium were punctured with a sterile blue microtip and
then placed onto the surface of the MHA medium that
had been swabbed with MDR bacteria. Antagonistic
testing of the bacteria was performed in duplicate and
incubated at 37 °C. Antibacterial activity was indicated
by the formation of an inhibition zone (clear zone) on
the test medium. The clear zone diameter was measured

using calipers after 24 h and again at 48 h.

Identification of potential isolates

Morphological identification

The morphological characterization of potential
isolates was performed by observing colony
morphology and conducting Gram staining, based on
[15]. Colony observations included configuration,
margin, elevation, and color. Gram staining was
conducted before microscopic observation to determine

bacterial cell shape and Gram reaction.

Molecular identification

Bacteria demonstrating antagonistic activity
against MDR bacterial growth were subsequently
identified using molecular methods. DNA extraction
from tunicate-associated bacteria followed the Quick-
DNA™ Fungal/Bacterial Miniprep Kit protocol. The
extracted DNA was then amplified by PCR using
universal primers 27F (5°-
AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5°-
GGTTACCTTGTTACGACTT-3") to obtain the 16S
rDNA sequence. The PCR mixture consisted of 2 uL
DNA template, 1 pL primer 27F, 1 pL primer 1492R,
8.5 uL ddH20, and 12.5 pL GoTaq Green Master Mix,
resulting in a total volume of 25 pL. Amplification was
carried out with a BIO-RAD T100 Thermal Cycler. The
PCR conditions used in this study were as follows:
Initial denaturation at 95 °C for 3 min, followed by 30
cycles of denaturation at 95 °C for 1 min, annealing at
54 °C for 1 min, and extension at 72 °C for 1 min 30 s,
with a final extension at 72 °C for 7 min [14]. The DNA
amplification results were observed using gel
electrophoresis. A 1 % agarose gel was prepared by
dissolving 1 %w/v agarose in 1X TBE buffer using a
microwave. While in the liquid phase (warm
temperature), 1% agarose was mixed with Gel Green

Nucleic Acid Stain (as an alternative to EtBr) before
pouring into the mold. The 16S rRNA PCR products and
a DNA marker, each 3 pL, were mixed with 2 pL of
loading dye and loaded into the wells of the 1% agarose
gel submerged in 1X TBE buffer solution.
Electrophoresis was conducted at 100 V for 30 min, and
the gel was visualized using a gel documentation

system.

BLAST homology and phylogenetic tree

The 16S rRNA PCR products were sent to PT
Genetika Science (Jakarta, Indonesia) for 16S rRNA
gene sequencing. The obtained sequences were
analyzed using MEGA 11 software to perform BLAST
homology, generating results in FASTA format, which
were then compared with the GenBank database to
identify nucleotide sequence similarity and determine
the bacterial species obtained. Regions with sequence
similarity were further analyzed using the Basic Local
Alignment Tool (BLAST) to determine the percentage
of base-pair similarity with reference isolates in the gene
bank. A phylogenetic tree was constructed using
Neighbor-Joining analysis [16] and evaluated by the
bootstrap method. Phylogenetic analysis was conducted
with MEGA 11 to identify the bacterial species
obtained, and bacterial sequences were aligned using the

ClustalW program.

Detection of PKS-NRPS gene

The amplification of the PKS-I gene was
conducted using the primers KIF  (5’-
TSAAGTCSAACATCGGBCA-3’) and M6R (5°-
CGCAGGTTSCSGTACCAGTA-3"), while the NRPS
gene was amplified using the primers A3F (5°-
GCSTACSYSATSTACACSTCSGG-3’) and A7R (5°-
SASGTCVCCSGTSCGGTAS-3’). The PCR mix used
for amplifying the PKS-I and NRPS genes consisted of
2 uL DNA template, 1 pL forward primer, 1 pL reverse
primer, 8.5 pL ddH20, and 12.5 pL GoTaq Red Master
Mix, resulting in a total volume of 25 pL. Amplification
was performed using a BIO-RAD T100 Thermal Cycler.
The PCR conditions used in this study, optimized
according to Tomaseto et al. [17], were as follows:
Initial denaturation at 95 °C for 5 min, followed by 35
cycles of denaturation at 95 °C for 1 min, annealing at
50 °C for the PKS-I gene and at 60 °C for the NRPS
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gene for 1 min, and extension at 72 °C for 1 min, with a
final extension at 72 °C for 7 min. The presence of the
PKS-I and NRPS genes was confirmed by DNA gel
electrophoresis, where the PKS-I gene aligned with a
DNA ladder band at 1,100 base pairs (bp), and the NRPS
gene aligned with a band at 800 bp.

Results and discussion

Isolation and purification

Bacterial colonies growing on the agar surface
were characterized based on differences in colony
morphology including configuration, margin, elevation,
and color. The total number of colonies that grew on the
surface of the media was 111 colonies, including 29

Table 1 Zone of inhibition (ZOI) measurements.

colonies on Zobell 2216 media and 82 colonies on M1
media. Purification of bacterial colonies generated 81
isolates, including 12 isolates from Zobell 2216 media
and 69 isolates from M1 media [13].

Screening of anti-MDR activity

Antibacterial tests were carried out on 81 isolates
against 3 MDR bacteria, and 25 active isolates were
obtained which were characterized by the formation of
inhibition zones around the agar pieces (Figure 1),
Inhibition zone measurements can be seen in Table 1,
and some anti-MDR isolates for each test can be seen in
(Figure 2).

Z0I (mm)
S. aureus E. coli P. aeruginosa
No Isolate code
I m m 1Iv Vv I m m v v 1 1 m Iv Vv
1 KM302-01 3.4 - - - - - - - - - - - - - -
2 KM402-01 + - - - - + - - - - - - - - -
3 KM402-02 + 1,7 - - 3,1 58 33 - - 16 + + - - 406
4 KM402-03 + 1,8 - - - 6,3 - - - -+ 47 - - 23
5 KM402-05 - - - - - + - - - -+ - - - -
6 KM315-01 - - - - - - - - - -+ 49 - - +
7 KM415-01 1,3 - - - - - - - - - - - - - -
8 KM415-02 2,6 - - - - - - - - - - - - - -
9 KM318-02 + - - - - + - - - - - - - - -
10 KM318-03 1,3 - - - - - - - - - - - - - -
11 KM318-05 + - - - - - - - - - - - - - -
12 KM418-06 - - - - - + - - - - - - - - -
13 KM418-07 1,2 - - - 3,6 - - - - - - - - - -
14 KM418-08 2,2 - - - - - - - - - - - - - -
15 KM418-11 2,7 + - - - - + - - - - - - - -
16 KM325-02 - - - - - - 36 - - -+ 33 - - +
17 KM325-04 + - - - - + 32 - - - - - - - -
18 KM425-07 - - - - - + - - - - - - - - -
19 KM425-08 - - - - - + - - - - - - - - -
20 KJ27302-05 + - - - - - - - - - - - - - -
21 KJ27411-01 - - - - - - - - - -+ - - - -
22 KJ27411-02 - - - - - + - - - -+ - - - -
23 KJ27411-03 - - - - - - - - - -+ - - - -
24 KJ27411-04 + 10 - - 8,8 + 84 - - - - - - - -
25 KJ27318-01 51 54 - 62 53 + 23 - 41 48 - - - - -

Description: + (ZOI less than 1 mm), - (ZOI = 0), KM (isolated from M1 media), 3 (dilution 10 - 3) 02 (number of the
sample) —01 (number of isolates), KJ2Z (isolated from Zobell media), 4 (dilution 10 - 4) 11 (number of the sample) —04

(number of isolates).
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Figure 1 Inhibition zone from active isolate against MDR bacteria.
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Figure 2 Number of anti-MDR isolates for each test. X = number of test of MDR bacteria (S. aureus, E. coli,

P.aeruginosa), y = number of active isolates.

Antagonistic tests were conducted 5 times to
determine the ability of isolates from the initial
generation to the next generation and after storage in the
freezer. Tests | and II were conducted before the isolates
were preserved at —80 °C, while tests I11, IV, and V were
conducted after being stored in the freezer at —80 °C.
Table 1 shows the potential of tunicates-associated
bacteria in producing growth inhibition of MDR
bacteria, namely in the test I obtained 25 active isolates.
Active isolates in test I (1% generation) were tested again
to determine the ability of the 2" generation in test II,
there was a decrease in the number of active isolates,
leaving 8 active isolates. Test III was conducted on
isolates that had been stored in a —80 °C freezer, then
grown on Zobell and M1 media to obtain the 3%

generation. Test III showed negative results on all

isolates that were active in test I. The 4" generation of
active isolates carried out test IV for confirmation of test
111, the result is only 1 isolate that shows antibacterial
activity, namely isolate with code KJ2Z310-01. The last
confirmation was carried out in test V, which obtained 6
isolates that showed antibacterial activity, namely
isolates with the code KM402-02, KM402-03, KM315-
01, KM325-02, KJ2Z318-01, and KJ2Z318-01.

Figure 2 shows a decrease in the number of active
isolates in each test. Active isolates that showed
inhibition against S. aureus amounted to 16 isolates in
test I, 5 isolates in test II, 1 isolate in test IV, and 4
isolates in test V. The number of active isolates that can
inhibit E. coli includes 12 isolates in test I, 6 isolates in
test II, and 2 isolates in test V. The number of active

isolates in inhibiting P. aeruginosa has also decreased
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including 8 isolates in test I, 4 isolates in test II, and 4
isolates in test V.

Identification of potential isolates

Potential isolates were selected based on the
consistency of their antibacterial activity with the best
inhibition zone and measured during 5 tests including
KM402-02, KJ27Z411-04, and KJ2Z318-01. Potential
bacterial isolates were identified for cell morphology by
Gram staining and species identification based on the
16S rRNA gene. Gram staining is conducted to

determine the shape and Gram of the bacterial isolate.

Figure 3 shows that isolate KM402-02 is a Gram-
negative bacillus, KJ2Z411-04 is a Gram-negative
bacillus (slightly bent), and isolate KJ2Z318-01 is a
Gram-positive bacillus. The Gram-positive bacteria
often produce Lantibiotics (e.g., nisin), bacteriocins,
polyketides. Produce larger peptides (like lantibiotics)
that can’t easily cross the outer membrane of Gram-
negatives. Meanwhile Gram-negative bacteria produce
Siderophores (e.g., pyoverdine), bacteriocins (e.g.,
colicins), non-ribosomal peptides. Produce smaller,
membrane-permeable molecules (e.g.,
phenazines) [48,49].

quinolones,
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Figure 3 Microscopic observation with magnification 1,000 X of

isolates KM402-02 (Gram-negative bacillus), KJ2Z411-

04 (Gram-negative bacillus), and KJ2Z318-01 (Gram-positive bacillus) during the incubation period of 1x24 h.

Identification of potential bacterial species based
on the 16S rRNA gene begins with bacterial DNA
extraction, 16S rRNA gene amplification, 16S rRNA
amplicons sequencing, analysis using BLAST, and then
phylogenetic tree construction. Based on amplifying the
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16S rRNA gene, the results showed that the resulting
DNA band showed a size of 1,500 bp, according to the
desired DNA target length. The visualization results of
DNA bands can be seen in Figure 4.
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BLAST analysis shows the percentage similarity
of potential isolate sequences with bacterial sequence
data in gene banks (Table 2). BLAST search results
showed that isolate KM402-02 had a percent identity
(Per.Ident) value of 99.20% with Klebsiella variicola
strain F2R9, isolate KJ2Z411-04 had a per.ident of

Table 2 Results of DNA sequence analysis with BLAST.

99.86 % with Vibrio alginolyticus strain ATCC 17749,
and isolate KJ2Z318-01 had a per.ident of 99.89% with
Bacillus paramycoides strain MCCC 1A04098. The
results of BLAST analysis can also be used to select
recommendations for comparative bacterial species in

phylogenetic tree construction.

L Query .
Isolate code Sort Description Per.Ident Accession
Cover
KM402-02 1 Klebsiella variicola strain F2R9 100% 99.20% NR 025635.1
Klebsiella pneumoniae strain
2 100% 98.91% NR_112009.1
JCM1661
Klebsiella pneumoniae strain DSM
3 100% 98.91% NR 036794.1
30104
Vibrio alginolyticus strain ATCC
KJ27411-04 1 100% 99.86% NR_118258.1
17749
Vibrio alginolyticus strain NBRC
2 99% 99.72% NR_113781.1
15630
Vibrio alginolyticus strain ATCC
3 99% 99.72% NR 117895.1
17749
Bacillus paramycoides strain MCCC
KJ27318-01 1 100% 99.86% NR_157734.1
1A04098
Bacillus  tropicus  strain MCCC
2 100% 99.78% NR 157736.1
1A01406
Bacillus nitratireducens strain MCCC
3 100% 99.78% NR_157732.1

1A00732

Phylogenetic tree of potential isolates

Phylogenetic tree construction aims to determine
the level of kinship of tunicates-associated bacterial
isolates with other bacteria. The results of phylogenetic
tree construction using MEGA 11 application (Figure
5) show that isolate KM402-02 is Klebsiella variicola
strain F2R9 with a bootstrap value of 97, closely related
to Klebsiella pneumoniae strain DSM 30104, and is in
the same clade as FEnterobacter cloacae. lIsolate
KJ2Z411-04 is Vibrio alginolyticus strain ATCC 17749

with a bootstrap value of 100, closely related to Vibrio
natriegens NBRC 15636 with a bootsrap of 99, and is in
the same clade as Vibrio campbellii strain NBRC 15631
and Vibrio rotiferianus strain CAIM 577. Isolate
KJ27318-01 is Bacillus paramycoides strain MCCC
1A04098 with a bootstrap value of 97 and has a kinship
with  Bacillus

Streptomyces griseorubens strain JSD-1 is a group of

marcorestinctum  strain  LQQ.

Actinobacteria selected as an outgroup in the
construction of phylogenetic trees.
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NR 025635.1 Klebsiella variicola strain F2R9
NR 114715.1 Klebsiella pneumoniae strain DSM 30104
— NR 113614.1 Klebsiella aerogenes strain NBRC 13534
NR 044978.1 Enterobacter cloacae subsp. dissolvens strain LMG 2683
s~ NR 113782.1 Vibrio campbellii strain NBRC 15631
NR 042081.1 Vibrio rotiferianus CAIM 577 = LMG 21460
NR 026124.1 Vibrio natriegens NBRC 15636 = ATCC 14048 = DSM 759
NR 118258.1 Vibrio alginolyticus strain ATCC 17749

NR 125530.1 Bacillus manliponensis strain BL4-6
NR 116644.1 Bacillus gaemokensis strain BL3-6
NR 117414.1 Bacillus marcorestinctum strain LQQ
& NR 157734.1 Bacillus paramycoides strain MCCC 1A04098

KC736485.1 Streptomyces griseorubens strain JSD-1

Figure 5 Construction of phylogenetic tree with neighbor-joining. Isolates KM402-02, KJ2Z411-04, and KJ2Z318-01
are tunicate-associated bacteria that have antibacterial activity with the outgroup Streptomyces griseorubens.

Detection of PKS-NRPS gene

The amplification results of PKS-1 and NRPS
genes were confirmed using gel electrophoresis. The
PKS-1 gene has a size of 1,100 bp, while the NRPS gene
is 800 bp. PKS-1 gene detection of 3 potential isolates
can be seen in Figure 6. The visualization results of the
PKS-1 gene band show the appropriate base length of +
1,100 bp compared to the 1 kb DNA ladder. PKS-1 gene
was successfully detected in Klebsiella variicola strain

F2R9 and Vibrio alginolyticus strain ATCC 17749.
NRPS genes from 3 potential isolates were not
successfully detected. The presence of PKS-1 and NRPS
genes from isolates whose species names are known can
be traced using the antiSMASH database which can be
accessed via https://antismash-
db.secondarymetabolites.org/browse based on the taxa

of the related bacterial species.

+ 1100 bp

Figure 6 PKS-1 gene detection from Bacillus paramycoides strain MCCC 1A04098 (1), Klebsiella variicola strain F2R9
(2), Vibrio alginolyticus strain ATCC 17749 (3), and 1 kb NA ladder (4).

Figure 7 shows the results of NRPS gene searches
from Klebsiella variicola and Vibrio alginolyticus
bacteria, both of which have NRPS genes in the hybrid
region with NRP-metallophores. The difference is that

the secondary metabolite product in K. varicolla is
enterobactin while in V. alginolyticus is vanchrobactin.
V. alginolyticus also has NRPS-independent lucA/lucC-
like siderophores which are genes encoding vibrioferrin.
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Figure 7 NRPS gene searches of Klebsiella variicola and Vibrio alginolyticus in AntiSmash database.

This figure shows the results of the biosynthetic
gene cluster (BGC) similarity analysis for Klebsiella
variicola strain CDC4241-71, as determined by the
antiSMASH platform. The 1* information from Figure
7 is that Klebsiella variicola species likely share the
same NRPS gene as Klebsiella variicola CDC4241-71
found on the antiSMASH platform. The following is a
description of the gene cluster of Klebsiella variicola
CDC4241-71. Gene region: 1.1; type: Hybrid region
consisting of non-ribosomal peptide metallophore and
non-ribosomal peptide synthase NRPS); nucleotide
positions 1,817,971 to 1,871,849 in the genome; Edges:
“No” (indicating the BGC does not touch the edge of the
contig, implying the cluster is most likely complete);
Most similar MIBiG cluster: Enterobactin. Similarity:
100% (indicating a perfect match to known BGCs in the
MIBIG database)

The 2" information is that Vibrio alginolyticus
species likely share the same gene cluster as Vibrio
alginolyticus ATCC 17749 (Figure 7). Gene cluster
region: 1.2; Type: Hybrid region consisting of non-
ribosomal metallophore peptide and non-ribosomal
synthase peptide (NRPS), Nucleotide positions 893,644
to 952,478; Edge: “No” (indicating the cluster is not on
the edge of a contig, so it is most likely intact); MIBiG
cluster most similar: Vanchrobactin; Similarity: 100%
(perfect match to known MIBIG cluster) MIBiG BGC
ID: BGC0000454.

In addition to the Vanchrobactin gene cluster,
Vibrio alginolyticus ATCC 17749 also has another gene
cluster that encodes vibrioferin located in region: 2.1
with type: NRPS-independent siderophore, lucA/lucC-
like type; Genome Location (From - To): 339.249 -
372.095, Edge: No (cluster not on contig edge — most
likely complete); MIBiG Cluster Similarity:

Vibrioferrin; Similarity Level: 100% MIBiG BGC ID:
BGC0000947.

The test bacteria used in this study were MDR
bacteria obtained from Kariadi General Hospital
Semarang, including S. aureus, E. coli, and P.
aeruginosa. The selection of the test bacteria was based
on the availability of MDR cultures at Kariadi General
Hospital isolated from patients. MDR bacterial
infections mostly caused by Gram-positive bacteria such
as S. aureus, S. pneumonia, E. faecium, and E. faecalis,
while the Gram-negative group caused by A. baumannii,
E. coli, P. aeruginosa, and K. pneumonia [18]. MDR
bacteria can be formed due to improper use of antibiotics
that trigger the formation of resistant genes (vertical
transmission) or the acquisition of resistant genes
through bacterial conjugation (horizontal transmission)
[19]. MDR bacterial infection raises problems in
determining and limiting the right type of antibiotic, so
it is necessary to explore new antibiotic candidates.
Tunicates and their associated bacteria have the
potential to produce bioactive compounds with
antibacterial properties. [20] wrote that associated
microbes can synthesize the same secondary metabolites
as their hosts. The potential of tunicates association
bacteria as producers of antibacterial compounds has
been successfully reported, including Microbulbifer sp.
Bulbiferates A and B [21],

Pseudoalteromonas rubra producing isatin which can

producing

inhibit Bacillus cereus, B. megaterium, E. coli,
Micrococcus luteus [9], Streptomyces sp. produces
Granaticin, granatomycin D, and dihydrogranaticin B
[22], and Talaromyces sp. produces talaropeptides A
and B inhibiting B. subtilis [23].

The results of sensitivity testing of MDR bacteria

to various antibiotics (Appendix 1) by the microbiology
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laboratory of Dr. Kariadi Hospital Semarang showed
that S. aureus was resistant to 9 out of 16 antibiotics
tested and identified as Methicilin  Resistant
Staphylococcus aureus (MRSA). E. coli was resistant to
13 out of 22 antibiotics tested and identified as ESBL
(extended-spectrum beta-lactamases) producing E. coli.
P. aeruginosa was resistant to 8 antibiotics tested,
identified as P. aeruginosa MDR. Bacterial resistance
testing against antibiotics is carried out based on the
minimum inhibitory concentration (MIC). MIC is the
lowest concentration of antibacterial agent expressed in
mg/L  (pg/L), strictly controlled under in vitro
conditions that completely prevent the growth of a test
strain of an organism [24]. MIC has similarities with
ZO0I in qualitative methods, namely the interpretation of
the sensitivity and resistance of the pathogen to the
given antibiotic.

The agar plug method begins with the preparation
of a culture that is tightly streaked on the agar surface.
During incubation, bacterial cells will secrete molecules
that diffuse in the agar medium, then the agar piece is
transferred to the surface of the agar previously
inoculated with test bacteria. The molecules in the agar
piece will diffuse into the test medium. The
antimicrobial activity of the bacterial-secreted
molecules is detected by the appearance of a zone of
inhibition around the agar [25]. Unlike the MIC, the
concentration and type of antibacterial compounds that
diffuse into the agar in the agar plug method are not
measurable. Based on the antagonistic test of 81 isolates
of tunicates association bacteria against 3 MDR
bacteria, 25 isolates were obtained that have
antibacterial activity, namely the formation of inhibition
zone (Figure 1). The diameter of the inhibition zone or
ZOI (Zone of Inhibition) is categorized as weak if the
diameter is 7 - 11 mm, moderate if the ZOI is 12 - 16
mm, strong if the ZOI is 17 - 21, and very strong if the
ZOIl is > 21 mm [9]. The results of the inhibition zone
measurements are shown in Table 1. Based on the
results of antibacterial testing, only 2 of the 25 isolates
showed a weak ZOI category, namely isolates KJ2Z411-
04 (10 mm against S. aureus; 8.4 mm against E. coli)
and KJ27318-01 (7.8 mm against S. aureus), while the
rest formed a very weak ZOI of less than 7 mm.

Based on microscopic observations, isolate
KM402-02 is Gram-negative bacillus-shaped, isolate
KJ27411-04 is Gram-negative short bacillus-shaped

(slightly curved), and isolate KJ2Z411-01 is Gram-
positive bacillus-shaped. All 3 potential isolates showed
the highest inhibitory activity against gram-positive mdr
bacteria S. aureus compared to gram-negative MDR E.
coli and P. aeruginosa. Gram-negative bacteria become
more resistant to Gram-positive bacteria due to the
presence of membrane lipopolysaccharide (LPS) [18].
Changes in the structure of the outer membrane,
mutations in porin channels, or an increase in
hydrophobic properties lead to the development of
gram-negative bacterial resistance [40]. Molecular
identification is carried out to determine the species of
potential bacterial isolates based on the 16S rRNA gene.
The 16S rRNA gene is about 1,500 bp long, consisting
of a conserved nucleotide sequence, interspersed with 9
specific variable regions, so it can detect DNA from any
bacterial species [26]. The nucleotide sequence of the
16S rRNA gene sequencing results was aligned using
Mega 11 software and then analyzed using BLAST
(Basic Local Alignment Search Tool) nucleotides on
NCBI. This program is used to compare nucleotide
sequences with sequence data in the GenBank and
determine the statistical significance of matches [27].
Anwar et al. [28] added that BLAST can be used to
identify sequences, find target DNA efficiently, infer
gene function, and predict domain architecture of the
protein structure, and primer design. Based on BLAST
search, it is known that isolate KM402-02 has
nucleotide base sequence similarity with Klebsiella
variicola by 99.20%, isolate KJ27Z411-04 is Vibrio
alginolyticus with homology 99.86%, and isolate
KJ2Z318-01 is Bacillus paramycoides with homology
99.86%. The kinship of potential isolate species with
other bacteria can be known by phylogenetic tree
construction (Figure 7). Homology > 99% is identified
as the same species, while 16S rRNA sequence
homology < 98% tends to be grouped into 1 genus or 1
taxon level above [29].

Klebsiella variicola is a Gram-negative bacterium,
non-motile bacillus, facultative anaerobe, found in
various natural habitats, and some strains can be
pathogenic [30]. Research related to the use of K.
variicola shows that the bacteria can be used in
agriculture and contribute to the development of
microbial fertilizers suitable for saline-alkali areas [31].
The results of the antibacterial activity test of K.
variicola against MDR bacteria in this study showed
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new findings. Vibrio alginolyticus is known as an
opportunistic pathogenic bacterium causing disease in
animals and humans, but V. alginolyticus associated
with marine invertebrates can have antibacterial
activity. Nursyam [32] successfully isolated V.
alginolyticus from Haliclona sp. sponge samples that
showed antibacterial activity against S. aureus. The
findings in this study showed the activity of V.
alginolyticus in inhibiting MDR E. coli and S.aureus
bacteria. Utilization of K. variicola and V.alginolyticus
as a source of anti-MDR compounds can be done by
extraction of secondary metabolites to avoid possible
pathogenicity of the 2 isolates. Bacillus paramycoides
can be applied as a bioremediation agent because it can
produce different enzymes such as cellulase, protease,
and amylase at 1 time [33]. The findings in this study
showed that B. paramycoides was able to inhibit S.
aureus and E. coli. This finding is similar to the research
of Trianto et al. [34], namely B. paramycoides symbiont
Sponge can inhibit Methicilin Resistant Staphylococcus
aureus (MRSA).

Phylogenic tree construction was used to
determine the species-relatedness of potential isolates.
The phylogenetic tree was constructed using the
neighbor-joining method to provide the best estimate of
the length of the closest branch that reflects the distance
between sequences [35] and then statistically tested
using a bootstrap of 1,000 replicates to test the
topological validity of the phylogenetic tree [36].
Bootstrap is categorized as strong if > 85%, moderate
70% - 85%, weak 50% - 70%, and poor < 50% [37]. The
results of phylogeny tree construction show bootstrap
with strong validity. Isolate KM402-02 is K. variicola
strain F2R9 with bootstrap 98, closely related to K.
pneumoniae strain DSM 30104 with bootstrap 89.
Isolate KJ27Z411-04 is V. alginolyticus strain ATCC
17749 with bootstrap value 100, closely related to V.
natriegens NBRC 15636 with bootstrap 99. Isolate
KJ27318-01 is B. paramycoides strain MCCC 1A04098
with bootstrap value 97.

The success of PKS-1 and NRPS gene detection is
influenced by the PCR conditions during gene
amplification. The DNA polymerase enzyme will attach
and add complementary nucleotide bases to the DNA
band affixed by the primer. PCR requires an optimum
temperature in a primer attachment (annealing
temperature) that is adjusted to the levels of nitrogenous

bases that make up the primer. Melting temperature
(Tm) is used as annealing temperature optimization.
Amplification of the PKS-1 gene used primers K1F (Tm
=55.7 °C) and M6R (Tm = 59.4 °C), while the NRPS
gene used primers A3F (Tm =62.3 °C) and A7R (Tm =
62.4 °C. Adjustment of the annealing temperature + 5
°C below to above Tm was done to increase the chance
of amplification of PKS-1 and NRPS genes.

Polyketides (PK) and non-ribosomal peptides
(NRP) are microbial secondary metabolites that can help
microbes adapt to the environment and withstand
stressful environmental conditions [38]. [39] explained
that PKS and NRPS consist of several catalytic domains
arranged in several modules where each module
performs a chain-lengthening cycle and usually contains
at least 3 domains, namely keto synthase (KS),
acyltransferase (AT), and acyl carrier protein (ACP)
domains in the PKS module, as well as condensation
(C), adenylation (A), and thiolation (T) domains in the
NRPS module. The domains in the modules modify
chemically elongated chains, synthesized from simple
building blocks such as acyl-CoA and amino acid units
by the PKS and NRPS gene clusters. Therefore, the
chemical structure of the synthesized polyketides and/or
peptides can be predicted from the arrangement of the
domains of these clusters. The detection of PKS-1 and
NRPS genes can be used as an initial step in genome
mining to deepen the potential of bacterial isolates in
forming secondary metabolites according to their
metabolite pathways. Based on Figure 6. PKS-1 gene
was successfully detected in 2 potential isolates, namely
K. variicola strain F2R9 and V. alginolyticus strain
ATCC 17749.

NRPS genes from potential bacteria have not been
successfully detected. The identification results of
potential bacterial species can be used to trace the
presence of NRPS genes through the antiSMASH
database browse by taxa. Taxa from bacteria were used
to browse and compare data in the antiSMASH
database. Taxa from Bacillus paramycoides were not
found in the antiSMASH database so NRPS gene tracing
could not be done. Taxa search results from Klebsiella
variicola strain F2R9 and Vibrio alginolyticus strain
ATCC 17749 showed the presence of the NRPS gene
(Figure 7). This analysis identified a biosynthetic gene
cluster (BGC) in Klebsiella variicola that showed 100%
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similarity to a previously characterized enterobactin
cluster (MIBiG ID: BGCO0002476). The identified
region (Region 1.1) covers approximately 54 kb and is
classified as a hybrid cluster containing non-ribosomal
peptide synthase (NRPS) enzymes and metallophores.
Enterobactin is a siderophore with high affinity for iron
that is commonly produced by Enterobacteriaceae
bacteria to acquire iron under iron-deficient
environmental conditions [41]. This high similarity with
enterobactin BGC indicates that K. variicola has a high
possibility of producing enterobactin compounds. This
ability may contribute significantly to the survival and
competition of these Dbacteria in iron-deficient
environments, such as within the host. The presence of
such siderophore systems is also often associated with
the pathogenic properties and competitiveness of
microbes in ecosystems [42]. Interestingly, this cluster
is not at the edge of a contig, so it is likely that the
genetic region is complete and can be further analyzed
for functional and comparative studies. Therefore, K.
variicola could be a potential model to study
enterobactin biosynthesis and regulation in Klebsiella
species.

The biosynthetic gene cluster identified in Vibrio
alginolyticus showed 100% similarity to the previously
characterized vanchrobactin cluster (BGC ID:
BGC0000454). Vanchrobactin is a type of siderophore,
which is a small molecule produced by bacteria to bind
and transport iron ions from the surrounding
environment, especially under iron deficiency
conditions [43]. The region of this cluster covers about
59 kb and belongs to the hybrid category between
metallophore peptides and non-ribosomal peptide
synthases (NRPS), which is a common feature in
siderophore biosynthesis. The high similarity with the
vanchrobactin cluster indicates that V. alginolyticus is
most likely capable of producing vanchrobactin
compound molecules. The ability to produce
vanchrobactin may provide an ecological and
pathogenic advantage for V. alginolyticus, especially
since siderophores play an important role in microbial
competition and virulence [44]. Siderophores allow the
bacteria to survive in marine environments that tend to
have low iron concentrations, as well as support
infectivity if these bacteria interact with host organisms.
In the field of natural products, vanchrobactin has
cytotoxic activity against leukemia cancer cells [45].

The fact that this cluster is not on the edge of the contig
indicates that the sequence is complete, so it can be a
target for further studies regarding the regulation of gene
expression, biosynthetic potential, and its application in
the field of marine biotechnology or the development of
antimicrobial agents.

In addition to vanchrobactin, the results of Vibrio
alginolyticus BGC analysis with the antiSMAH
platform also found the existence of a gene cluster that
plays a role in the biosynthesis of vibrioferrin, which is
a type of siderophore (iron-binding compound)
produced through an independent pathway from NRPS
(Non-Ribosomal Peptide Synthetase) [46].
Siderophores such as vibrioferrin are essential for the
survival of marine microorganisms, as they help bacteria
acquire iron from environments that naturally have very
low iron availability. Vibrioferrin works by strongly
binding to Fe*" ions, then the complex is transported into
the bacterial cell through a specialized transport system
[47]. The specialty of vibrioferrin is that it is synthesized
via the lucA/lucC-like pathway, which is an alternative
mechanism of siderophore biosynthesis to the more
common NRPS pathway. This pathway tends to be more
energy efficient and consists of typical enzymes that can
be identified in this gene cluster [44]. The 100%
similarity to the vibrioferrin cluster documented in the
MIBiG database (BGC0000947) suggests that this
cluster in V. alginolyticus is highly conservative and
functionally and structurally identical. This supports the
assumption that V. alginolyticus ATCC 17749 is
actively producing vibrioferrin, which reinforces its
potential in environmental adaptation and its possible
contribution to virulence if it invades the host. As this
cluster is not at the end of a contig, it can be assumed
that its genetic information is complete. This is very
important for further analysis, both for genetic
engineering, biosynthesis of secondary metabolites, as
well as for the exploration of biotechnological
applications, such as the production of siderophores for
agriculture (increased iron uptake in plants) or the
development of pathogenic microbial growth inhibitor

systems (competitive antagonism).

Conclusions

The antibacterial test results obtained 3 potential
isolates namely KM402-02, KJ2Z411-04, and
KJ2Z318-01. 16S rRNA gene analysis showed that
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1solate KM402-02 is Klebsiella variicola Strain F2R9,
KJ2Z411-04 is Vibrio alginolyticus Strain AATC
17749, and KJ2Z318-01 is Bacillus paramycoides. The
PKS-1 gene was successfully detected in isolates
KM402-02 and KJ2Z411-04
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