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ABSTRACT
Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to

contain secondary metabolites which have important biological
properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to
isolate and identify the endophytic bacteria which can produce
antibacterial metabolites from A. cordifolia (Ten.) Steenis leaves. Two
isolates with the codes of DBA1 and DBA2 were isolated and purified from
the leaves of A. cordifolia. These isolates were subjected to the screening

for their antibacterial activity against the bacteria of dental caries, which



mailto:etindiah_permanasari@uhamka.ac.id

Molecular Identification of Endophytic Bacteria from Binahong Leaf (Anredera cordifolia (Ten.)
Steenis) and their Antibacterial Potency

are Streptococcus mutans and Lactobacillus acidophilus using the disk-
diffusion method. The isolate of DBA2 exhibited the largest diameter of
inhibition zone against both S. mutans and L. acidophilus. The isolate of
DBAZ2 was then continue for identification. The molecular identification
was performed by 16S rRNA gene sequencing method using PCR
technique. The genomic DNA of DBA2 was extracted with the Geno Plus™
Genomic DNA Extraction Miniprep System. Amplicons were then purified
and sequenced by using GenBank National Centre Biotechnology
Information (NCBI) database. The endophytic bacterial isolate DBAZ from
the leaves of A. cordifolia was identified molecularly as Bacillus sp strain
x20 with the similarity value of 100%. Future studies are required to
analyse the bioactive compounds, which can be considered as a potential

source for the new antibacterial drugs for the dental caries treatment.

Keywords: Anredera cordifolia (Ten.) Steenis, antibacterial activity,

binahong leaf, endophytic bacteria, 16S rRNA

INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in
tropical areas and is used as a traditional medicine to treat various diseases (Azizah,
Mashuri, & Abidin, 2022). Several studies of A. cordifolia (Ten.) Steenis has proven that

this plant contains bioactive compounds used to treat many diseases, such as wound,
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diabetic, hematoma, and hyperuricemia (Yuniarti & Lukiswanto, 2017; Mutiarawati,
Muljati, & Christyaningsih, 2017; Laksmitawati & Simbolon, 2017; Sumartiningsih, 2011).
[t also exhibited anti-inflammatory properties to cure injured cell (Sumartiningsih, 2011).
The part of binahong plant that is commonly used is the leaves which contain flavonoids,
alkaloid, tannin, saponins, and steroid/triterpenoids (Veronita, Wijayati, & Mursiti, 2017;
Surbakti, Queljoe, & Boddhi, 2018).

Many studies have been conducted for antibacterial properties from the binahong
leaves against some bacteria such as Staphylococcus aureus, Shigella flexneri,
Propionibacterium acnes, and Eschericia coli (Mengga, Rampe, & Sangande, 2022;
Veronita, Wijayati, & Mursiti, 2017; Ainurrochmah, Ratnasari, & Lisdiana, 2013; Sasebohe,
Prakasita, & Aditiyarini, 2023). Based on the previous findings, flavonoids are one of the
main compounds responsible for antibacterial properties (Xie, Yang, Tang, Chen, & Li,
2015; Basile, Giordano, Lépez-Saez, & Cobian, 1999). Flavonoids are the group which
effectively inhibits the growth of viruses, bacteria, and fungi, as it causes damage to the
permeability of cell walls and inhibit motility (Xie, Yang, Tang, Chen, & Li, 2015; Veronita,
Wijayati, & Mursiti, 2017). Several flavonoid compounds from the binahong leaves have
been isolated such as vitexin, isovitexin, and morin (Alba, Pelegrin, & Sobottka, 2020).
However, as the microbial resistance is always a problem, discovering and developing
new antibiotics can be a great challenge. Therefore, the development of new antibacterial
agents is essential, including discovering and developing novel antibacterial compounds
from microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, defines as a

microorganism that usually live as symbionts inside a plant (Nxumalo et al, 2020). These
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endophytic microorganisms are crucial in the production of many important bioactive
compounds, including antibacterial agents. These microorganisms produce similar
bioactive compounds as its host plant. They provide a valuable source for finding novel
therapeutic agents resulting the huge exploration of these endophytic microorganisms.

Desriani et al (2014) state that 37 of the endophytic bacteria isolates were obtained
from the binahong leaves in which their fifteen isolates exhibited antibacterial properties.
The endophytic bacteria from the A. cordifolia (Ten.) Steenis leaves has ever been
determined as Pseudomonas aeruginosa CP043328.1 which produce antibacterial
metabolites against S. aureus, E. coli, Bacillus cereus, and Proteus mirabilis (Nxumalo et al,
2020).

However, the study on the isolation and identification as well as the exploration of
secondary metabolites of endophytic microorganisms from the binahong plant is yet very
limited. Therefore, this study aimed to isolate and identify the endophytic bacteria which
live in the leaves tissue of the binahong plant (A. cordifolia (Ten.) Steenis) that can
produce antibacterial metabolites. We tested on to Streptococcus mutans and
Lactobacillus acidophilus which mainly caused dental caries in human (Hussein, Saleem,
& Merdad, 2023; Zhang, 2013). The identification was performed using 16S ribosomal
RNA (16S rRNA) sequencing method. Potential antibacterial compounds present in the
endophytic bacteria may also be identified and considered for the dental caries treatment

in the future.

MATERIALS AND METHODS

Chemicals and media



The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn
step liquor, H20, NaOCl, nystatin, DMSO, HCI, NaOH, KH2PO4, agarose gel, and Deionized
demineralized water (ddh20) from Sigma Aldrich, Ltd. The kits were Geno Plus™, Genomic
DNA Extraction Miniprep System from VIOGENE, USA and Zymo Spin Column PCR
Purification kit from Zymo Research, EU. Primers were from VIOGENE, USA. The
mediums were yeast extract, Nutrient Agar medium, and Nutrient Broth medium from
HiMedia Laboratories, India. The medias were prepared and autoclaved.

Plant sample preparation

The fresh leaves were collected from Tanggerang, Province Banten, Indonesia. The
leaves were identified at Pusat Penelitian Konservasi and Kebun Raya, BRIN, Bogor, Jawa
Barat, Indonesia. The leaves were washed by running tap water and carefully dried. The
leaves surfaces were disinfected by ethanol 75% and NaOCI 5,3% for 5 minutes, and then
wiped carefully with ethanol 75%.

Endophytic bacteria isolation from the binahong leaves

Nutrient Agar was used as a medium for the isolation of endophytic bacteria. The
binahong leaves that been disinfected were carefully being cut off. The cut leaves were
then ground in NA plate under aseptic condition. Plates were then sealed and incubated
in 37°C for 48 hours. The endophytic bacteria were taken, purified, and transferred into
new NA plate. The purified isolates were then used for further step.

Morphological characterization of endophytic bacteria of the binahong leaves

The isolates were being analysed for their macroscopic and microscopic

characterizations. Macroscopic characterizations include colony shape, colony

pigmentation, consistency, elevation, and edge shape. Microscopic observation was
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carried out using gram staining to analyse the colour and shape of bacterial colony cells.
Gram staining was carried out by smearing one tube of bacterial colony thinly on an object
glass, then the bacteria were confirmed first by adding 0,5% of crystal violet solution for
the next 5 minutes. Drop Lugol’s solution was added. The preparate were shaken until no
dye flows over the glass object. The preparate were then analysed under microscope.
Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid NB medium which had been
sterilized by an autoclave. The pure isolate of endophytic bacteria was taken and put into
a 10 ml Nutrient Broth test tube. Incubation was carried out for 2 days at a temperature
of 25°C. After incubation, the cell biomass and supernatant were harvested using
centrifugation for 30 minutes with a speed of 2000 rpm. The obtained supernatant was
used to screen the antibacterial potential of endophytic bacteria.
Antibacterial activities screening

The screening for antibacterial potential in this study was performed by the disk

diffusion method. The strain culture of the bacteria of dental caries (Streptococcus mutans
and Lactobacillus acidophilus) were incubated in 10 ml Nutrient Broth test tubes for 24
hours at 37° C. The culture was then poured into a + 20 ml petri dish until they were solid.
The sterile paper disk was then soaked with the supernatant, then placed in the NB
medium which has been inoculated with pathogenic bacteria. The plates were incubated
for 1-2 days, and then observed their antibacterial potential by the presence or absence
of an inhibition zone around the disk paper. The isolate with the largest zone of inhibition
was continued for the molecular identification.

Molecular identification of endophytic bacteria
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The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA)
sequence analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction
Miniprep System kit from VIOGENE, USA based on their manual instruction kit. PCR
method was conducted to amplify the 16S rRNA gene of the endophytic bacteria with the
primer 63f (5’-CAG GCC TAA CAC ATG CAA GTC-3’) and primer 1387r (5’-GGG GGG WGT
GTA CAA GGC-3’. The PCR products were gel extracted and purified by a Zymo Spin
Column PCR Purification kit from Zymo Research, EU. The purified PCR products were
then processed and sequenced at the First Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software analysis (Kumar, Stecher, Li, & Christina,
2018). The sequencing results were finally analysed by a Basic Local Alignment Search
Tools (BLAST) using the database from the National Centre for Biotechnology Information
(NCBI) in order to determine the high similarity value with the existing bacterial species

(Nxumalo et al, 2020).

RESULTS AND DISCUSSION
Determination of the binahong leaves

Determination was performed to confirm that the plants used in this study as a
source to isolate the endophytic bacteria are the accurate plant species. According to the
determination result, it was known that the leaves is Anredera cordifolia (Teen.) Steenis.
Isolation of the endophytic bacteria from the binahong leaves

The surface sterilization was used as a prior step for the whole isolation process.
This surface sterilization method was performed to eliminate the contaminant

microorganisms that present in the surface leaves. Nystatin was added to Nutrient Agar
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Addition as antifungal agent. Two isolates of endophytic bacteria were obtained and
named with the codes of DBA1 and DBA2. However, the number of the endophytic
bacteria found in this study are less. This result is in consistent with the finding that the
number of endophytic bacteria can be influenced by the particular part of samples. It is
known that the number of endophytic bacteria from the stems and leaves are usually less,
while the roots are abundant (Zinniel, et al.,, 2022). The heterogeneity of endophytic
bacteria can be influenced by various conditions, such as soil structure, time of sampling,
geographical distribution, and plant age.
Morphological characterization

Based on the result of morphological characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2 isolates were similar, suggesting that
these two isolates were the same isolates. Microscopic staining characterizations showed
that these two endophytic bacteria were Gram-positive bacteria. The description of
morphological characterization of DBA1 and DBA2 isolates were shown in Tabel 1.
Antibacterial activity screening

The two isolates were cultivated using NB liquid medium. The supernatant was
used into antibacterial testing using the disk diffusion method. The supernatants of DBA1
and DBA2 showed antibacterial activity against Streptococcus mutans and Lactobacillus
acidophilus with the average clear zone diameter of inhibition zone as shown in Figure 1.
The largest antibacterial activity was DBA2 with the average diameter of inhibition zone
of 31,17 mm and 35,57 mm against S. mutans and L. acidophilus, as respectively.

The production of inhibitory zones indicates that there is an inhibitory activity in

the supernatants of both DBA1 and DBA2 isolates against the bacteria of dental caries.
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This finding is consistent with the previous studies showed that the endophytic
microbials are said to have antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla,
2022). In this study, both pathogenic bacteria were a Gram-positive bacterium. The
finding that DBA1 and DBA2 had clear inhibition zones suggest that Gram-positive
bacteria were fragile to metabolites from endophytic bacteria of the binahong leaves.
Although there are a lot of study reveal the activity against Gram-negative bacteria
(Ainurrochmah, Ratnasari, & Lisdiana, 2013; Nxumalo, Ngid, Shandu, & Maliehe, 2020).
However, the inhibition activities of DBA1 and DBAZ2 to Gram-negative bacteria are still
need to be analysed.

Molecular identification of endophytic bacteria isolate DBA2

Among two isolates, DBAZ isolate was chosen as potential isolate as it showed the
largest diameter of inhibition zone against S. mutans and L. acidophilus. Furthermore, the
genomic DNA was extracted based on the method as described in the kit procedure. The
extracted genome was run by PCR using the 16S rRNA gene as a target. PCR products were
run under a 0,8% gel electrophoresis. The finished gel was then analysed under UV. The
obtained DNA bands were confirmed as a size of approximately 1500 bp shown in Figure
2.

The DNA bands were then purified by Zymo Spin Column PCR Purification kit. The
16S rRNA gene sequence was performed for the purified products. The sequences of DNA
were used to find similarity based on the 16S rRNA gene and later to determine the
highest similarity species of organisms. It was processed in the First Base Laboratories,
Malaysia. The sequences of DBA2 were then being assessed by the GenBank NCBI

database and MEGAX software analysis (Kumar, Stecher, Li, & Christina, 2018).



Molecular Identification of Endophytic Bacteria from Binahong Leaf (Anredera cordifolia (Ten.)
Steenis) and their Antibacterial Potency
Specification that meets taxonomic requirements is that if the similarity

percentage is > 99%, it is defined as similarity at the species level. In addition, it is said to
be the same genus if the identity is 96% - 99%. Max score represents the highest sequence
alignment value between the query sequence alignment results and the sequences
contained in the database. A high max score value and an E-value that is close to 0 indicate
a higher level of confidence between the alignment results of the query sequence and the
sequences contained in the database that have a high level of homology. The results
showed that the DBAZ2 isolate had a level of similarity to Bacillus sp. strain x20 with a max
score of 2139%), identification of 100%, and E-value 0, as shown in Table 2, suggesting
that the finding had a high level of confidence to identify the species of the endophytic
bacteria as Bacillus sp. strain x20. The phylogenetic trees were made to analyse the
relationship between species. The results of phylogenetic tree were shown in Figure 3.

Based on various literatures, Bacillus sp strain x20 is also a Gram-positive
bacterium producing organic acids and phosphatases (Gond, Bergen, Torres, & White,
2015; Zhao, et al., 2023). Bacillus sp strain x20 was known to provide beneficial effects to
their host plants, such as promotes seed germination and induces stress resistance (Zhao,
et al., 2023). Organic acids and phosphatases produced by Bacillus strain will solute the
inorganic phosphorus into a plant-available form, therefore the microorganism can
promote plant growth (Zhao, et al., 2023). It would be interesting to examine the bioactive
compounds from the cultivation of Bacillus sp strain x20 which can serve as antibacterial

agents for dental caries treatment.

CONCLUSION
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This study revealed that the endophytic bacteria Bacillus sp strain x20 was isolated
from the leaves of Anredera cordifolia (Ten.) Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial properties against the bacteria of
dental caries which were Streptococcus mutans and Lactobacillus acidophilus, as shown
by their inhibition zone. Further study needs to be conducted to investigate and identify

the metabolites that may be useful as the antibacterial agents.
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Table 1. The description of macroscopic and microscopic characterization of the isolated
endophytic bacterial from the leaves of the medicinal plant Anredera cordifolia (Ten.)

Steenis

Isolates Shapes Colour Texture Margins Surface Consistency Staining

of Colony
DBA1 | Irregular White  Flat Undulate Flatand Mucoid +ve
smooth
DBAZ | Irregular White  Flat Curled Flatand Buttery +ve
smooth
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Figure 2. The gel electrophoresis of PCR product of DBA2 isolate using 16S ribosomal

RNA gene
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18



Table 2. Molecular identification of 16S ribosomal RNA gene of DBA2 isolate and their

NCBI sequence accession numbers

No Closest Relative Genbank Base Pair  Max EValue % Similarity
Species Based On  Accession Length score
16s Rrna Gene Number (bp)
Sequences
1 | Bacillus SD (in OP537150 1530 2139 0.0 100.00

Bacteria) strain

X20

2 | Bacillus velezensis 0P536155 1460 2139 0.0 100.00
strain LXS-N2

3 | Bacillus velezensis 0K047738 1417 2139 0.0 100.00
strain SOTB022

4 | Bacillus SD, (in MZ895449 1453 2139 0.0 100.00

Bacteria) strain

HY 110

5 | Bacillus SO (in MZ895445 1445 2139 0.0 100.00
Bacteria) strain

HY-105

6 | Bacilus SO (in 0P493233 1448 2139 0.0 100.00
Bacteria) street

LYM4-2
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IABSTRACT

Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to
contain secondary metabolites which have important biological
properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to
isolate and identify the endophytic bacteria which can produce
antibacterial metabolites from A. cordifolia (Ten.) Steenis leaves. Two
isolates with the codes of DBA1 and DBA2 were isolated and purified from
the leaves of A. cordifolia. These isolates were subjected to the screening

for their antibacterial activity against the bacteria of dental caries, which

__—| Commented [Rev1]: The abstract is not well

constructed. This part reqires reconstructed so that the
logical path is clear.
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are Streptococcus mutans and Lactobacillus acidophilus using the disk-

diffusion method. The isolate of DBA2 exhibited the largest diameter of

inhibition zone against both S. mutans and L. acidophilus. Tl"he isolate of -

the DBA1 and DBA2? Is there any semiquantitative data
that can be provided?

Commented [Rev2]: How much the different between

DBAZ was \then continue for identification. The molecular identification

~ | Commented [Rev3]: ...was then subjected for molecular
identification.

was performed by 16S rRNA gene sequencing method using PCR

technique, The genomic DNA of DBA2 was extracted with the Geno Plus™

molecular marker for such identification. 16SrTRNA gene

~| Commented [Rev4]: The 16S rRNA gene was used as
was amplified by PCR and then sequencing.

Genomic DNA Extraction Miniprep System. Amplicons were then purified

and sequenced by using [GenBank National Centre Biotechnology

Information (NCBI) database. The endophytic bacterial isolate DBA2 from __—| Commented [Rev5]: GenBank is not for sequencing but
for searching the data base trough Blast method

the leaves of A. cordifolia was identified [molecularly{ as Bacillus sp strain _— [ Commented [Rev6]: Remove ]

x20 with the similarity value of 100%. Future studies are required to

analyse hhe bioactive compoundsL which can be considered as a potential _— [ Commented [Rev7]: This fro the plant or bacteria? ]

source for the new antibacterial drugs for the dental caries treatment.

Keywords: Anredera cordifolia (Ten.) Steenis, antibacterial activity,

binahong leaf, endophytic bacteria, 16S rRNA

INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in
tropical areas and is used as a traditional medicine to treat various diseases (Azizah,
Mashuri, & Abidin, 2022). Several studies of A. cordifolia (Ten.) Steenis has proven that

this plant contains bioactive compounds used to treat many diseases, such as wound,

2



diabetic, hematoma, and hyperuricemia (Yuniarti & Lukiswanto, 2017; Mutiarawati,
Muljati, & Christyaningsih, 2017; Laksmitawati & Simbolon, 2017; Sumartiningsih, 2011).
It also exhibited anti-inflammatory properties to cure injured cell (Sumartiningsih, 2011).

The part of binahong plant that is commonly used is the leaves which contain flavonoids,

b

alkaloid, tannin, saponins, and steroid/triterpenoids dVeronita, Wijayati, & Mursiti, 2017

Surbakti, Queljoe, & Boddhi, 2018).

Many studies have been conducted for antibacterial properties from the binahong
leaves against some bacteria such as Staphylococcus aureus, Shigella flexneri,
Propionibacterium acnes, and Eschericia coli (Mengga, Rampe, & Sangande, 2022;
Veronita, Wijayati, & Mursiti, 2017; Ainurrochmah, Ratnasari, & Lisdiana, 2013; Sasebohe,
Prakasita, & Aditiyarini, 2023). Based on the previous findings, flavonoids are one of the
main compounds responsible for antibacterial properties (Xie, Yang, Tang, Chen, & Li,
2015; Basile, Giordano, Lépez-Saez, & Cobian, 1999). Flavonoids are the group which
effectively inhibits the growth of viruses, bacteria, and fungi, as it causes damage to the
permeability of cell walls and inhibit motility (Xie, Yang, Tang, Chen, & Li, 2015; Veronita,
Wijayati, & Mursiti, 2017). Several flavonoid compounds from the binahong leaves have
been isolated such as vitexin, isovitexin, and morin (Alba, Pelegrin, & Sobottka, 2020).
However, as the microbial resistance is always a problem, discovering and developing
new antibiotics can be a great challenge. Therefore, the development of new antibacterial
agents is essential, including discovering and developing novel antibacterial compounds
from microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, defines as a

microorganism that usually live as symbionts inside a plant (Nxumalo et al, 2020). These

Commented [Rev8]: To cite the literature, follow the
journal rule or international rule how to cite the
literature.

It should be : Veronita, etal., 2017)
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endophytic microorganisms are crucial in the production of many important bioactive
compounds, including antibacterial agents. [These microorganisms produce similar

bioactive compounds as its host plant.\ |They provide a valuable source for finding novel

_— [Commented [Rev9]: s it true? ]

therapeutic agents resulting the huge exploration of these endophytic microorganismsL _ | Commented [Rev10]: If the endophytic produce similar

DDesriani et al (2014) state that 37 of the endophytic bacteria isolates were obtained
from the binahong leaves in which their fifteen isolates exhibited antibacterial properties.

The endophytic bacteria from the A. cordifolia (Ten.) Steenis leaves has ever been

bioactive compound with the host then it would not be
possible to find the novel therapeutic agents

determined as Pseudomonas aeruginosa CP043328.1 which produce antibacterial
metabolites against S. aureus, E. coli, Bacillus cereus, and Proteus mirabilis (Nxumalo et al,
2020).

However, the study on the isolation and identification as well as the exploration of
secondary metabolites of endophytic microorganisms from the binahong plant is yet very
limited. Therefore, this study aimed to isolate and identify the endophytic bacteria which
live in the leaves tissue of the binahong plant (4. cordifolia (Ten.) Steenis) that can produce
antibacterial metabolites. We tested on to Streptococcus mutans and Lactobacillus
acidophilus which mainly caused dental caries in human (Hussein, Saleem, & Merdad,
2023; Zhang, 2013). The identification was performed using 16S ribosomal RNA (16S
rRNA) sequencing method. Potential antibacterial compounds present in the endophytic

bacteria may also be identified and considered for the dental caries treatment in the future.

MATERIALS AND METHODS

Chemicals and media
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The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn
step liquor, H20, NaOCl, nystatin, DMSO, HCl, NaOH, KH2POs, agarose gel, and Deionized

demineralized water GdthOD from Sigma Aldrich, Ltd. The kits were Geno Plus™, Genomic

DNA Extraction Miniprep System from VIOGENE, USA and Zymo Spin Column PCR
Purification kit from Zymo Research, EU. Primers were from VIOGENE, USA. The
mediums were yeast extract, Nutrient Agar medium, and Nutrient Broth medium from
HiMedia Laboratories, India. The medias were prepared and autoclaved.
Plant sample preparation

The fresh leaves were collected from Tanggerang, Province Banten, Indonesia. The
leaves were identified at Pusat Penelitian Konservasi and Kebun Raya, BRIN, Bogor, Jawa
Barat, Indonesia. The leaves were washed by running tap water and carefully dried. The
leaves surfaces were disinfected by ethanol 75% and NaOCl 5,3% for 5 minutes, and then
wiped carefully with ethanol 75%.
Endophytic bacteria isolation from the binahong leaves

Nutrient Agar was used as a medium for the isolation of endophytic bacteria. The
binahong leaves that been disinfected were carefully being cut off. The cut leaves were

then [ground in NA plate under aseptic condition. Plates were then sealed and incubated

in 37°C for 48 hours. The endophytic bacteria were taken, purified, and transferred into

new NA plate. The purified isolates were then used for ffurther step\.

Morphological characterization of endophytic bacteria of the binahong leaves
The isolates were being analysed for their macroscopic and microscopic
characterizations. Macroscopic characterizations include colony shape, colony

pigmentation, consistency, elevation, and edge shape. Microscopic observation was
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carried out using [gram staining to analyse the colour and shape of bacterial colony cells.

Gram staining was carried out by smearing one tube of bacterial colony thinly on an object

\glass, then the bacteria were confirmed first by adding 0,5% of crystal violet solution for

the next 5 minutes. Drop Lugol’s solution was added. The preparate were shaken until no L -

dye flows over the glass object. The preparate were then analysed under microscope.
Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid NB medium which had been

sterilized by an autoclave. The pure isolate of endophytic bacteria|was taken and putinto|

a 10 ml Nutrient Broth test tube. [Incubation was carried out for 2 days at a temperature

of 25°C.] After incubation, the cell biomass and supernatant were harvested using

centrifugation for 30 minutes [with a speed of 2000 rpm. The obtained supernatant was

used to screen the antibacterial tpotential of endophytic bacteria.

Antibacterial activities screening
The screening for antibacterial potential in this study was performed by the disk

diffusion method. hhe\ strain culture of the bacteria of dental caries (Streptococcus mutans

and Lactobacillus acidophilus) were incubated in 10 ml Nutrient Broth test tubes for 24

hours at 37° C. The culture was then poured into a + 20 ml petri dish until they were solid.

The sterile paper disk was then soaked with the supernatant, \then placed in the NBL_-—'

medium which has been inoculated with pathogenic bacteria. The plates were incubated
for 1-2 days, and then observed their antibacterial potential by the presence or absence
of an inhibition zone around the disk paper. [The isolate with the largest zone of inhibition

was continued for the molecular identification.]

Molecular identification of endophytic bacteria
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The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA)
sequence analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction
Miniprep System kit from VIOGENE, USA based on their manual instruction kit. PCR
method was conducted to amplify the 16S rRNA gene of the endophytic bacteria with the
primer 63f (5’-CAG GCC TAA CAC ATG CAA GTC-3’) and primer 1387r (5’-GGG GGG WGT
GTA CAA GGC-3'. The PCR products were gel extracted and purified by a Zymo Spin
Column PCR Purification kit from Zymo Research, EU. The purified PCR products were
then processed and sequenced at the First Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software analysis (Kumar, Stecher, Li, & Christina,

2018). The sequencing results were [finally analysed Tby a Basic Local Alignment Search

Tools (BLAST) using the database from the National Centre for Biotechnology Information
(NCBI) in order to determine the high similarity value with the existing bacterial species

(Nxumalo et al, 2020).

RESULTS AND DISCUSSION
Determination of the binahong leaves
Determination was performed to confirm that the plants used in this study as a

source to isolate the endophytic bacteria are the accurate plant species. According to the
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Addition as antifungal agent. Two isolates of endophytic bacteria were obtained and
named with the codes of DBA1 and DBA2. However, the number of the endophytic
bacteria found in this study are less. This result is in consistent with the finding that the
number of endophytic bacteria can be influenced by the particular part of samples. It is
known that the number of endophytic bacteria from the stems and leaves are usually less,
while the roots are abundant (Zinniel, et al,, 2022). [The heterogeneity of endophytic
bacteria can be influenced by various conditions, such as soil structure, time of sampling,

geographical distribution, and plant agel

Morphological characterization

Based on the result of morphological characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2 isolates were similar, suggesting that
these two isolates were the same isolates. Microscopic staining characterizations showed
that these two endophytic bacteria were Gram-positive bacteria. The description of
morphological characterization of DBA1 and DBA2 isolates were shown in Tabel 1.
Antibacterial activity screening

The two isolates were cultivated using NB liquid medium. The supernatant was
used into antibacterial testing using the disk diffusion method. The supernatants of DBA1
and DBA2 showed antibacterial activity against Streptococcus mutans and Lactobacillus
acidophilus with the average clear zone diameter of inhibition zone as shown in Figure 1.
The largest antibacterial activity was DBA2 with the average diameter of inhibition zone
of 31,17 mm and 35,57 mm against S. mutans and L. acidophilus, as respectively.

The production of inhibitory zones indicates that there is an inhibitory activity in

the supernatants of both DBA1 and DBA2 isolates against the bacteria of dental caries.
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This finding is consistent with the previous studies showed that the endophytic microbials
are said to have antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla, 2022). In
this study, both pathogenic bacteria were a Gram-positive bacterium. The finding that
DBA1 and DBA2 had clear inhibition zones suggest that Gram-positive bacteria were

fragile to metabolites from endophytic bacteria of the binahong leaves. Although there are

a lot of study reveal the activity against Gram-negative bacteria (Ainurrochmabh,
Ratnasari, & Lisdiana, 2013; Nxumalo, Ngid, Shandu, & Maliehe, 2020). However, the
inhibition activities of DBA1 and DBA2 to Gram-negative bacteria are still need to be
analysed.
Molecular identification of endophytic bacteria isolate DBA2

Among two isolates, DBA2 isolate was chosen as potential isolate as it showed the
largest diameter of inhibition zone against S. mutans and L. acidophilus. Furthermore, the
genomic DNA was extracted based on the method as described in the kit procedure. The

extracted genome was run by PCR using the 16S rRNA gene as a target. PCR products were

run under a 0,8% gel electrophoresis. The finished gel was then analysed under UV. The

obtained DNA bands were confirmed as a size of approximately 1500 bp shown in Figure
2.

\The DNA bands were then purified by Zymo Spin Column PCR Purification kit. The
16S rRNA gene sequence was performed for the purified products. The sequences of DNA
were used to find similarity based on the 16S rRNA gene and later to determine the

highest similarity species of organisms.\ It was processed in the First Base Laboratories,

Malaysia. The sequences of DBA2 were then being assessed by the GenBank NCBI

database and MEGAX software analysis (Kumar, Stecher, Li, & Christina, 2018).
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[Specification that meets taxonomic requirements is that if the similarity

percentage is > 99%, it is defined as similarity at the species levelL In addition, it is said to

be the same genus if the identity is 96% - 99%. Max score represents the highest sequence
alignment value between the query sequence alignment results and the sequences
contained in the database. A high max score value and an E-value that is close to 0 indicate
a higher level of confidence between the alignment results of the query sequence and the
sequences contained in the database that have a high level of homology. The results
showed that the DBA2 isolate had a level of similarity to Bacillus sp. strain x20 with a max
score of 2139%, identification of 100%, and E-value 0, as shown [in Table 2, suggesting
that the finding had a high level of confidence to identify the species of the endophytic

bacteria as Bacillus sp. strain x20. TI‘he phylogenetic trees were made to analyse the

relationship between species. The results of phylogenetic tree were shown in Figure 3.
Based on various literatures, Bacillus sp strain x20 is also a Gram-positive
bacterium producing organic acids and phosphatases (Gond, Bergen, Torres, & White,
2015; Zhao, et al.,, 2023). Bacillus sp strain x20 was known to provide beneficial effects to
their host plants, such as promotes seed germination and induces stress resistance (Zhao,
et al,, 2023). [Organic acids and phosphatases produced by Bacillus strain will solute the
inorganic phosphorus into a plant-available form, therefore the microorganism can

promote plant growth\ (Zhao, etal., 2023). [It would be interesting to examine the bioactive

compounds from the cultivation of Bacillus sp strain x20 which can serve as antibacterial

agents for dental caries treatment.

CONCLUSION
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This study revealed that the endophytic bacteria Bacillus sp strain x20 was isolated
from the leaves of Anredera cordifolia (Ten.) Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial properties against the bacteria of
dental caries which were Streptococcus mutans and Lactobacillus acidophilus, as shown by
their inhibition zone. Further study needs to be conducted to investigate and identify the

metabolites that may be useful as the antibacterial agents.
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[Table 1. The description of macroscopic and microscopic characterization of the isolated

endophytic bacterial from [the leaves of the medicinal plant Anredera cordifolia (Ten.)

Steenis

Isolates Shapes Colour  Texture Margins Surface Consistency Staining

of Colony
DBA1 | Irregular White  Flat Undulate Flatand Mucoid +ve
smooth
DBAZ2 | Irregular White  Flat Curled Flatand Buttery +ve
smooth

| { Commented [Rev35]: Table is not appropriate
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Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic
bacteria of Anredera cordifolia (Ten.) Steenis leaves against Streptococcus mutans and

Lactobacillus acidophilus
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[Table 2. Molecular identification of 16S ribosomal RNA gene of DBA2 isolate and their

NCBI sequence accession numbers,

No Closest Relative Genbank Base Pair  Max E Value % Similarity

Species Based On ~ Accession Length score
16s Rrna Gene Number (bp)
Sequences

1 | Bacillus SD (in OP537150 1530 2139 0.0 100.00
Bacteria) strain
X20

2 | Bacillus velezensis 0P536155 1460 2139 0.0 100.00
strain LXS-N2

3 | Bacillus velezensis  0K047738 1417 2139 0.0 100.00
strain SOTB022

4 | Bacillus SD, (in MZ895449 1453 2139 0.0 100.00
Bacteria) strain
HY 110

5 | Bacillus SO (in MZ895445 1445 2139 0.0 100.00
Bacteria) strain
HY-105

6 | Bacilus SO (in 0P493233 1448 2139 0.0 100.00
Bacteria) street

LYM4-2
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ABSTRACT
Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to

contain secondary metabolites which have important biological
properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to
isolate and identify the endophytic bacteria which can produce
antibacterial metabolites from the leaves of A. cordifolia (Ten.) Steenis
leaves. Two isolates, with-the codese£DBA1 and DBA2 were isolated and
purified from the leaves of A. cordifolia. These isolates were subjected to
the screening

for their antibacterial-antagonistic activity against the bacteria of
associated with dental caries, which



mailto:etindiah_permanasari@uhamka.ac.id
mailto:ibadman46@gmail.com
mailto:susilo@uhamka.ac.id
mailto:etindiah_permanasari@uhamka.ac.id

Molecular Identification of Endophytic Bacteria from Binahong Leaf (Anredera cordifolia (Ten.)
Steenis) and their Antibacterial Potency

are Streptococcus mutans and Lactobacillus acidophilus using the disk-
diffusion method. The isolate ef-DBA2 exhibited the largest diameter of
inhibition zone against both S. mutans and L. acidophilus. The-iselate-of

DBA2 was then eentinue—forfurther studied for identification. The

genomic DNA of DBA2 was extracted with the Geno Plus™ Genomic DNA

Extraction Miniprep System The—and molecular identification was

performed by PCR amplification and sequencing of the 16S rRNA gene

. bod using PCR technigue, Tl e DNA of DBA2
| with the G Plus™ G ‘e DNA_E o Mini

SystemThe a—Amplicons were then purified and sequenced, before the

16S rRNA gene sequences were analysed by using—a BLAST search
against the GenBank-National Centre Biotechnology Information (NCBI)

database. The endophytic bacterial iselate-strain DBA2 from the leaves of

A. cordifolia was identified molecularly as Bacillus sp., and the top match //{ Formatted: Font: Not Italic

from the database search revealed a similarity value of 100% with the

reference Bacilus sp, strain x20-with-thesimilarity-value 6£100%. Future //{ Formatted: Font: Italic

\{ Formatted: Font: Not Italic

studies are required to analyse the bioactive compounds_of strain DBA2
which can be considered as a potential source for the new antibacterial

drugs for the dental caries treatment.

Keywords: Anredera cordifolia (Ten.) Steenis, antibacterial activity,

binahong leaf, endophytic bacteria, 16S rRNA gene

INTRODUCTION



The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in
tropical areas and is used as a traditional medicine to treat various diseases (Azizah,
Mashuri, & Abidin, 2022). Several studies of A. cordifolia (Ten.) Steenis has proven that

this plant contains bioactive compounds used to treat many diseases, such as wound,
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diabetic, hematoma, and hyperuricemia (Yuniarti & Lukiswanto, 2017; Mutiarawati,
Muljati, & Christyaningsih, 2017; Laksmitawati & Simbolon, 2017; Sumartiningsih, 2011).
It also exhibited anti-inflammatory properties to cure injured cell (Sumartiningsih, 2011).
The part of binahong plant that is commonly used is the leaves which contain flavonoids,
alkaloid, tannin, saponins, and steroid/triterpenoids (Veronita, Wijayati, & Mursiti, 2017;
Surbakti, Queljoe, & Boddhi, 2018).

Many studies have been conducted for antibacterial properties from the binahong
leaves against some bacteria such as Staphylococcus aureus, Shigella flexneri,
Propionibacterium acnes, and Eschericia coli (Mengga, Rampe, & Sangande, 2022;
Veronita, Wijayati, & Mursiti, 2017; Ainurrochmah, Ratnasari, & Lisdiana, 2013; Sasebohe,
Prakasita, & Aditiyarini, 2023). Based on the previous findings, flavonoids are one of the
main compounds responsible for antibacterial properties (Xie, Yang, Tang, Chen, & Li,
2015; Basile, Giordano, Lépez-Saez, & Cobian, 1999). Flavonoids are the group which
effectively inhibits the growth of viruses, bacteria, and fungi, as it causes damage to the
permeability of cell walls and inhibit motility (Xie, Yang, Tang, Chen, & Li, 2015; Veronita,
Wijayati, & Mursiti, 2017). Several flavonoid compounds from the binahong leaves have

been iselated—identified, such as vitexin, isovitexin, and morin (Alba, Pelegrin, &

Sobottka, 2020). However, as the microbial resistance is always a problem, discovering
and developing new antibiotics can be a great challenge. Therefore, the development of
new antibacterial agents is essential, including discovering and developing novel
antibacterial compounds from microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, are defineds as a
microorganisms that usually live as symbionts inside a plant (Nxumalo et al, 2020).

These
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endophytic microorganisms are crucial in the production of many important bioactive
compounds, including antibacterial agents. These microorganisms produce similar
bioactive compounds as its host plant. They provide a valuable source for finding novel

therapeutic agents resulting the huge exploration of these endophytic microorganisms.

Desriani et al (2014) reported state-that out of 37 of the endophytic bacterial
isolates were obtained from the binahong leaves, in-whichtheir fifteen isolates exhibited
antibacterial properties. The endophytic bacteria isolated from the A. cordifolia (Ten.)

Steenis leaves in previous report has—everhave been determined as Pseudomonas

aeruginosa CP043328.1 which produce antibacterial metabolites against S. aureus, E.
coli, Bacillus cereus, and Proteus mirabilis (Nxumalo et al, 2020).

However, the study on the isolation and identification as well as the exploration of
secondary metabolites of endophytic microorganisms from the binahong plant is yet very
limited. Therefore, this study aimed to isolate and identify the endophytic bacteria which
live in the leaves tissue of the binahong plant (4. cordifolia (Ten.) Steenis) that can

produce antibacterial metabolites. We tested on the antagonistic activity of the isolated

endophytic bacteria against te-Streptococcus mutans and Lactobacillus acidophilus which

mainly caused dental caries in human (Hussein, Saleem, & Merdad, 2023; Zhang, 2013).
The identification was performed using 16S ribosomal RNA (16S rRNA) gene sequencing
methoedand analysis. Potential antibacterial compounds present in the endophytic
bacteria may also be identified and considered for the dental caries treatment in the

future.

MATERIALS AND METHODS

Chemicals and media



The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn
step liquor, H20, NaOCl, nystatin, DMSO, HCl, NaOH, KH2PO4, agarose gel, and Deionized
demineralized water (ddh20) from Sigma Aldrich, Ltd. The kits were Geno Plus™, Genomic
DNA Extraction Miniprep System from VIOGENE, USA and Zymo Spin Column PCR
Purification kit from Zymo Research, EU. Primers were from VIOGENE, USA. The
mediums were yeast extract, Nutrient Agar medium, and Nutrient Broth medium from
HiMedia Laboratories, India. The medias were prepared and autoclaved.

Plant sample preparation

The fresh leaves were collected from Tanggerang, Province Banten, Indonesia. The
leaves were identified at Pusat Penelitian Konservasi and Kebun Raya, BRIN, Bogor, Jawa
Barat, Indonesia. The leaves were washed by running tap water and carefully dried. The
leaves surfaces were disinfected by ethanol 75% and NaOCl 5,3% for 5 minutes, and then
wiped carefully with ethanol 75%.

Endophytic bacteria isolation from the binahong leaves

Nutrient Agar was used as a medium for the isolation of endophytic bacteria. The

binahong leaves that been disinfected were carefully being cut off. The cut leaves were
then ground in NA plate under aseptic condition. Plates were then sealed and incubated
in 37°C for 48 hours. The endophytic bacteria were taken, purified, and transferred into
new NA plate. The purified isolates were then used for further step.
Morphological characterization of endophytic bacteria of the binahong leaves

The isolates were being analysed for their macroscopic and microscopic
characterizations. Macroscopic characterizations include colony shape, colony

pigmentation, consistency, elevation, and edge shape. Microscopic observation was
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carried out using gram staining to analyse the colour and shape of bacterial eslony-cells.
Gram staining was carried out by smearing one tube of bacterial colony thinly on an object
glass, then the bacteria were confirmed first by adding 0,.5% of crystal violet solution for
the next 5 minutes. Drop Lugol’s solution was added. The preparate were shaken until no
dye flows over the glass object. The preparate were then analysed under microscope.
Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid NB medium which had been
sterilized by an autoclave. The pure isolate of endophytic bacteria was taken and put into

a 10 ml Nutrient Broth test tube. Incubation was carried out for 2 days at a temperature

of 25°C. After incubation, the cell biomass and supernatant were harvested using
centrifugation for 30 minutes with a speed of 2000 rpm. The obtained supernatant was
used to screen the antibacterial potential of endophytic bacteria.
Antibacterial activities screening

The screening for antibacterial potential in this study was performed by the disk
diffusion method. The strain culture of the bacteria of dental caries (Streptococcus mutans
and Lactobacillus acidophilus) were incubated in 10 ml Nutrient Broth test tubes for 24
hours at 37° C. The culture was then poured into a + 20 ml petri dish until they were solid.
The sterile paper disk was then soaked with the supernatant, then placed in the NB
medium which has been inoculated with pathogenic bacteria. The plates were incubated
for 1-2 days, and then observed their antibacterial potential by the presence or absence
of an inhibition zone around the disk paper. The isolate with the largest zone of inhibition
was continued for the molecular identification.

Molecular identification of endophytic bacteria

6
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The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA)
sequence analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction
Miniprep System kit from VIOGENE, USA based on their manual instruction kit. PCR
method was conducted to amplify the 16S rRNA gene of the endophytic bacteria with the
primer 63f (5’-CAG GCC TAA CAC ATG CAA GTC-3’) and primer 1387r (5’-GGG GGG WGT
GTA CAA GGC-3'. The PCR products were gel extracted and purified by a Zymo Spin
Column PCR Purification kit from Zymo Research, EU. The purified PCR products were
then processed and sequenced at the First Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software analysis (Kumar, Stecher, Li, & Christina,
2018). The sequencing results were finally analysed by a Basic Local Alignment Search
Tools (BLAST) using the database from the National Centre for Biotechnology Information
(NCBI) in order to determine the high similarity value with the existing bacterial species

(Nxumalo et al, 2020).

RESULTS AND DISCUSSION

Determination of the binahong leaves

Determination-taxonomic identification of the was-performed-to-confirmthatthe-

plants used in this study was carried out before the specimen was as-a—seuree-to-used to

isolate the endophytic bacteria are-so that the accurate plant species was used. According
to the determinatien-identification result, it was known that the leaves is Anredera
cordifolia (Teen.) Steenis.

Isolation of the endophytic bacteria from the binahong leaves

The surface sterilization was used-done as—a-prior step—fer-the whole isolation

process. This surface sterilization method was performed to eliminate the contaminant

microorganisms that present in the surface leaves. Nystatin was added to Nutrient Agar
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Addition as antifungal agent. Two isolates of endophytic bacteria were obtained and
named with the codes of DBA1 and DBA2. However, the number of the endophytic
bacteria found in this study are less. This result is in consistent with the finding that the
number of endophytic bacteria can be influenced by the particular part of samples. It is
known that the number of endophytic bacteria from the stems and leaves are usually less,
while the roots are abundant (Zinniel, et al, 2022). The heterogeneity of endophytic
bacteria can be influenced by various conditions, such as soil structure, time of sampling,
geographical distribution, and plant age.
Morphological characterization

Based on the result of morphological characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2 isolates were similar, suggesting that
these two isolates were the same isolates. Microscopic staining characterizations showed
that these two endophytic bacteria were Gram-positive bacteria. The description of
morphological characterization of DBA1 and DBA2 isolates were shown in TabelTable 1.
Antibacterial activity screening

The two isolates were cultivated using NB liquid medium. The supernatant was
used into antibacterial testing using the disk diffusion method. The supernatants of DBA1
and DBA2 showed antibacterial activity against Streptococcus mutans and Lactobacillus
acidophilus with the average clear zone diameter of inhibition zone as shown in Figure 1.
The largest-strongest antibacterial activity was DBA2 with the average diameter of
inhibition zone of 31,17 mm and 35,57 mm against S. mutans and L. acidophilus, as
respectively.

The production of inhibitory zones indicates that there is an inhibitory activity in

the supernatants of both DBA1 and DBAZ2 isolates against the bacteria of dental caries.
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This finding is consistent with the previous studies showed that the endophytic
microbials are said to have antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla,
2022). In this study, both pathogenic bacteria were a Gram-positive bacterium. The
finding that DBA1 and DBA2 had clear inhibition zones suggest that Gram-positive
bacteria were fragile to metabolites from endophytic bacteria of the binahong leaves.
Although there are a lot of study reveal the activity against Gram-negative bacteria
(Ainurrochmah, Ratnasari, & Lisdiana, 2013; Nxumalo, Ngid, Shandu, & Maliehe, 2020).
However, the inhibition activities of DBA1 and DBAZ2 to Gram-negative bacteria are still
need to be analysed.

Molecular identification of endophytic bacteria isolate DBA2

Among two isolates, DBA2 isolate was chosen as potential isolate as it showed the
largest diameter of inhibition zone against S. mutans and L. acidophilus. Furthermore, the
genomic DNA was extracted based on the method as described in the kit procedure. The
extracted genome was run by PCR using the 16S rRNA gene as a target. PCR products were
run under a 0,8% gel electrophoresis. The finished gel was then analysed under UV. The
obtained DNA bands were confirmed as a size of approximately 1500 bp shown in Figure
2.

The DNA bands were then purified by Zymo Spin Column PCR Purification kit. The
16S rRNA gene sequence was performed for the purified products. The sequences of DNA
were used to find similarity based on the 16S rRNA gene and later to determine the
highest similarity species of organisms. It was processed in the First Base Laboratories,
Malaysia. The sequences of DBA2 were then being assessed by the GenBank NCBI

database and MEGAX software analysis (Kumar, Stecher, Li, & Christina, 2018).
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Specification that meets taxonomic requirements is that if the similarity

percentage is > 99%, it is defined as similarity at the species level. In addition, it is said to
be the same genus if the identity is 96% - 99%. Max score represents the highest sequence
alignment value between the query sequence alignment results and the sequences
contained in the database. A high max score value and an E-value that is close to 0 indicate
a higher level of confidence between the alignment results of the query sequence and the
sequences contained in the database that have a high level of homology. The results
showed that the DBA2 isolate had a level of similarity to Bacillus sp. strain x20 with a max
score of 2139%, identification of 100%, and E-value 0, as shown in Table 2, suggesting
that the finding had a high level of confidence to identify the species of the endophytic
bacteria as Bacillus sp. strain x20. The phylogenetic trees were made to analyse the
relationship between species. The results of phylogenetic tree were shown in Figure 3.

Based on various literatures, Bacillus sp strain x20 is also a Gram-positive
bacterium producing organic acids and phosphatases (Gond, Bergen, Torres, & White,
2015; Zhao, et al.,, 2023). Bacillus sp strain x20 was known to provide beneficial effects to
their host plants, such as promotes seed germination and induces stress resistance (Zhao,
et al,, 2023). Organic acids and phosphatases produced by Bacillus strain will solute the
inorganic phosphorus into a plant-available form, therefore the microorganism can
promote plant growth (Zhao, et al.,, 2023). It would be interesting to examine the bioactive
compounds from the cultivation of Bacillus sp strain x20 which can serve as antibacterial

agents for dental caries treatment.

CONCLUSION
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This study revealed that the endophytic bacteria Bacillus sp strain x20 was isolated
from the leaves of Anredera cordifolia (Ten.) Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial properties against the bacteria of
dental caries which were Streptococcus mutans and Lactobacillus acidophilus, as shown
by their inhibition zone. Further study needs to be conducted to investigate and identify

the metabolites that may be useful as the antibacterial agents.

ACKNOWLEDGMENTS

We acknowledge the Department of Biology Pharmacy, Faculty of Pharmacy and
Science UHAMKA for providing the laboratory facilities for our research work. We thank
to the faculty member in the Department of Biology-UHAMKA and the Department of

Biology Education-UHAMKA for the great discussions.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Ainurrochmah, A., Ratnasari, E., & Lisdiana, L. 2013. The Effectivity of Binahong (Anredera
cordifolia) Leaves Extracts for Growth Inhibition of Shigella flexneri by Agar Well
Difussion Method. LenteraBio, 2 (3): 233-237.

Alba, T. M,, Pelegrin, C. M., & Sobottka, A. M. 2020. Ethnobotany, ecology, pharmacology,
and chemistry of Anredera cordifolia (Basellaceae): a review. Rodriguésia, 71: p.

01042019.



Molecular Identification of Endophytic Bacteria from Binahong Leaf (Anredera cordifolia (Ten.)

Steenis) and their Antibacterial Potency

Azizah, L. N., Mashuri, & Abidin, Z. 2022. Study of the use of Binahong (Anredera
cordifolia) herbal as complementary treatment wounds in Tenger Tribes. IOP Conf.
Series: Earth and Environmental Science. I0P Publishing.

Basile, A., Giordano, S., Lépez-Séez, ]. A., & Cobian, R. C. 1999. Antibacterial activity of pure
flavonoids isolated from mosses. Phytochemistry, 52(8):1479-1482.

Desriani, Safira, U. M., Bintang, M., Rivai, A., & Lisidyanti, P. 2014. Desriani P, Safira UM,
Bintang M, Rivai Isolasi dan Karakterisasi Bakteri Endofit dari Tanaman Binahong
dan Ketepeng China. Jurnal Kesehatan Andalas, 3(2).

Gond, S. K, Bergen, M. S, Torres, M. S., & White, J. F. 2015. Endophytic Bacillus spp.
produce antifungal lipopeptides and induce host defence gene expression in maize.
Microbiological Research, Volume 172, Pages 79-87.

Hussein, F. ], Saleem, S. S., & Merdad, K. A. 2023. Relationship between Dental Caries
Experience and the Levels of Streptococcus mutans and Lactobacillus in Saliva of
Pregnant Women. Cell Mol Biol (Noisy-le-grand), 69(8):148-155.

Kumar, S., Stecher, G., Li, M., & Christina . 2018. MEGA X: Molecular Evolutionary Genetics
Analysis across Computing Platforms. Molecular Biology and Evolution, Volume 35,
Issue 6, Pages 1547-1549.

Laksmitawati, D. R,, & Simbolon, R. 2017. Aktivitas Ekstrak Daun Binahong(Anredera
cordifolia (Ten.) Steenis). Jurnal Farmasi Indonesia, 9(1): 47-55.

Mengga, C., Rampe, M. ], & Sangande, F. 2022. Uji Efektivitas Antibakteri Ekstrak Daun
Binahong (Anredera cordifolia (Tenore)Steenis)Terhadap BakteriStaphylococcus

aureus. The Tropical Journal of Biopharmaceutical, 5 (1): 60-65.

12



Mutiarawati, D. T., Muljati, T. S., & Christyaningsih, ]. 2017. The Effect of Binahong Leaf
(Anredera cordifolia [Ten] Steenis) Extract and Bay Leaf (Eugenia polyantha
Wight) Extract Compound on Blood Glucose Level of Male Mice (Rattus novergicus
L). Scholars Journal of Applied Medical Sciences, 5 (11D): 4551-4556.

Nxumalo, C. 1., Ngid, L. S., Shandu, ], & Maliehe, T. S. 2020. [solation of endophytic bacteria
from the leaves of Anredera cordifolia CIX1 for metabolites and their biological
activities. BMC Complementary Medicine and Therapies, 20: 300.

Sartika, G. 2021. Antibacterial Activity of Endophytic Bacteria Isolated from Purwoceng.
Journal of Biological Science and Education, 3 (1): 31-37.

Sasebohe, V.Y, Prakasita, V. C,, & Aditiyarini, D. 2023. Antibacterial Activity of Binahong
Leaf Ethanol Extract Against Staphylococcus aureus and Propionibacterium acnes
that Cause Acne. Sciscitatio, 4(1): Januari 2023.

Sharma, M., & Mallubhotla, S. 2022. Diversity, Antimicrobial Activity, and Antibiotic
Susceptibility Pattern of Endophytic Bacteria Sourced From Cordia dichotoma L.
Frontier in Microbiology, 13: 879386.

Sumartiningsih, S. 2011. The Effect of Binahong to Hematoma. International Journal of
Medical, Health, Biomedical, Bioengineering and Pharmaceutical Engineering, 5 (6):
244-246.

Surbakti, P., Queljoe, E., & Boddhi, W. 2018. SKRINING FITOKIMIA DAN UJI TOKSISITAS
EKSTRAK ETANOL DAUN BINAHONG (Andredera cordifolia (Ten.) Steenis)
DENGAN METODE Brine Shrimp Lethality Test (BSLT). PHARMACON Jurnal Ilmiah

Farmasi, 7 (3): 22-31.



Molecular Identification of Endophytic Bacteria from Binahong Leaf (Anredera cordifolia (Ten.)

Steenis) and their Antibacterial Potency

Veronita, F., Wijayati, N., & Mursiti, S. 2017. Isolasi dan Uji Aktivitas Antibakteri Daun
Binahong serta Aplikasinya sebagai Hand sanitizer. Indonesian Journal of Chemical
Science, 6 (2): 138-144.

Xie, Y., Yang, W., Tang, F., Chen, X, & Li. 2015. Antibacterial activities of flavonoids:
structure-activity relationship and mechanism. Current Medicinal Chemistry,
22(1):132-49.

Yuniarti, W. M., & Lukiswanto, B. S. 2017. Effects of herbal ointment containing the leaf
extracts of Madeira vine ( Anredera cordifolia (Ten.) Steenis) for burn wound
healing process on albino rats. Vet World., 10 (7): 808-813.

Zhang, S. 2013. Dental caries and vaccination strategy against the major cariogenic
pathogen, Streptococcus mutans. Current Pharmaceutical Biotechnology,
14(11):960-966.

Zhao, H., Nie, X,, Zhang, W., Zhang, X, Ju, Y, Li, Y., & Christensen, M. ]. 2023. Effects of
interaction of Epichloé gansuensis and Bacillus strains on the seed germination
and seedling growth in Achnatherum inebrians plants. Research Square.

Zinniel, D. K., Lambrecht, P., Harris, N. B, Feng, Z., Kuczmarski, D., Higley, P., Vidaver, A. K.
2022. Isolation and Characterization of Endophytic Colonizing Bacteria from
Agronomic Crops and Prairie Plants. Applied and Environmental Microbiology,

68(5): 2198-2208.

14



Table 1. The description of macroscopic and microscopic characterization of the isolated
endophytic bacterial from the leaves of the medicinal plant Anredera cordifolia (Ten.)

Steenis

Isolates Shapes Colour  Texture Margins Surface Consistency Staining

of Colony
DBA1 | Irregular White  Flat Undulate Flatand Mucoid +ve
smooth
DBAZ2 | Irregular White  Flat Curled Flatand Buttery +ve
smooth
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Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic
bacteria of Anredera cordifolia (Ten.) Steenis leaves against Streptococcus mutans and

Lactobacillus acidophilus

16



DBA2 Isolate | | DNA Ladderl
KB
10.000 bp
1.500 bp
500 bp
250 bp

Figure 2. The gel electrophoresis of PCR product of DBA2 isolate using 16S ribosomal

RNA gene
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Figure 3. The phylogenetic tree of DBA2 isolate showing evolutionary relationships of
endophytic bacteria from A. cordifolia (Ten.) Steenis leaves. The black circle indicates the
interested isolate. The evolutionary analysis was conducted in MEGAX software analysis

(Kumar, Stecher, Li, & Christina, 2018).
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Table 2. Molecular identification of 16S ribosomal RNA gene of DBAZ2 isolate and their

NCBI sequence accession numbers

No Closest Relative Genbank Base Pair  Max E Value % Similarity

Species Based On ~ Accession Length score
16s Rrna Gene Number (bp)
Sequences

1 | Bacillus SD (in OP537150 1530 2139 0.0 100.00
Bacteria) strain
X20

2 | Bacillus velezensis 0P536155 1460 2139 0.0 100.00
strain LXS-N2

3 | Bacillus velezensis  0K047738 1417 2139 0.0 100.00
strain SOTB022

4 | Bacillus SD, (in MZ895449 1453 2139 0.0 100.00
Bacteria) strain
HY 110

5 | Bacillus SO (in MZ895445 1445 2139 0.0 100.00
Bacteria) strain
HY-105

6 | Bacilus SO (in 0P493233 1448 2139 0.0 100.00
Bacteria) street

LYM4-2
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Bacillus SD (in
Bacteria) strain
Y4-6-1

Bacillus SD. (in:
Bacteria) strain
YS1

Bacillus velezensis
strain MRB-10
Bacillus velezensis

strain 024A

0P493232

0P493231

0P493205

0P477121

1451

1449

1441

1453

20

2139

2139

2139

2139

0.0

0.0

0.0

0.0

100.00

100.00

100.00

100.00
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To cite the literature, follow the journal rule or international rule how to cite the
literature.

Answer:
The correction:

The part of binahong plant that commonly used is the leaves which contain flavonoids,

alkaloid, tannin, saponins, and steroid/triterpenoids _

5. Reviewer 1 (page 4)
e Isittrue?



Answer: Yes, it is true. According to Arnold, et al., (2002); Potshangbam, et al., (2017),
and Sharma, et al,, (2021), the microorganisms produce similar bioactive compounds
as its host plant.

If the endophytic produce similar bioactive compound with the host, then it would
not be possible to find the novel therapeutic agents

Answer: Despite that most endophytic bacteria can produce the same metabolites as
their host plants, but this does not rule out the possibility that these endophytic
bacteria produce new compounds due to external and internal factors.

Desriani et al (2014) already isolate 37 isolates, however this work only 2 isolates, so
the question is whether this work is really able to explore novel bioactive compounds
from just two isolates?

Answer:

Paragraph 2, Line 1: In our view, there is still the possibility of obtaining new
compounds even with only two isolates.

. Reviewer 1 (page 5)

Paragraph 1, Line 3: corrected to be ddH20

Paragraph 3, Line 3: corrected to be “the cut leaves were then put in NA plate under
aseptic condition”.

Paragraph 3, Line 5: corrected to be further experiment

. Reviewer 1 (page 6)

Paragraph 1, Line 1: corrected to be “Microscopic observation was carried out using
gram staining for identification of Gram type of bacteria.”

Paragraph 1, Line 2: corrected to be “Gram staining was carried out firstly by an
initial staining with crystal violet dye. The object was then added by iodine to fix
the dye. The last step included ethanol to be added to the object to remove the
dye (Tripathi and Sapra, 2023).”

Paragraph 2, Line 2: corrected to be “The pure isolate of endophytic bacteria was
inoculated into a 10 ml Nutrient Broth test tube.”

Paragraph 2, Line 2: corrected to be “Shaking incubation was carried out for 2 days
at a temperature of 25°C.”

Paragraph 2, Line 5: corrected to be “After incubation, the cell biomass and
supernatant were harvested using centrifugation for 30 minutes at 2000 rpm.”



Paragraph 2, Line 2: corrected to be “The obtained supernatant was used as a source
of antibacterial substances potential of endophytic bacteria.”

Paragraph 3, Line 2: We have added this sentence: “Two bacterial strains
Streptococcus mutants and Lactobacillus acidophilus, were used as strain
indicator for antibacterial activity assay.”

Paragraph 3, Line 5: corrected to be “The sterile paper disk was then soaked with the
supernatant, then placed in the NA medium which has been inoculated with
pathogenic bacteria.”

Paragraph 3, Line 8: We have added a sentence “The percentage of the ratio
diameter of clear zone and the diameter paper disk was calculated.”

Reviewer 1 (page 7)

Paragraph 1, Line 10: corrected to be “The sequencing results were implemented for
BLAST using the database from the National Centre for Biotechnology Information
(NCBI) in order to determine the high similarity value with the existing bacterial
species (Nxumalo et al, 2020).

Paragraph 2, Line 3: We have attached the determination from Centre for
Biosystematics and Evolution Research, National Research and Innovation Agency
(BRIN) of Indonesia including with the voucher number of the specimen.

“Taxonomic identification of the plants used in this study was carried out before the
specimen was used to isolate the endophytic bacteria so that the accurate plant species
was used. According to the identification result from Centre for Biosystematics
and Evolution Research-National Research and Innovation Agency (BRIN) with
the voucher number B-804/V/DI.05.07/3 /2022, it was known that the leaves is
Anredera cordifolia (Teen.) Steenis.”
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9. Reviewer 1 (page 8)

Paragraph 1, Line 6: We do not think that it is difficult to obtain the same isolate.

10. Reviewer 1 (page 9)
e What may cause the Gram Postive is fragile against the metabolite from endophytic
bacteria?
Answer:
Paragraph 1, Line 4: We have added the sentence “Based on our results, we propose
that Gram-positive bacteria are fragile due to the strong antagonistic activity of
bioactive compounds produced from strain DBA2.”

e Paragraph 2, Line 3: We have deleted the method.
e Paragraph 3, Line 1: We have deleted the method.



11.Reviewer 1 (page 10)
e Itis nottrue. 16SrRNA gene cannot be used for species level determination. It should
be done by DNA-DNA hybridization

Answer:

Paragraph 2, Line 1: This statement refers to Drancourt et al., (2000), that if similarity
percentage >99% identity in 16S rRNA gene sequence was the criterion used to
identify an isolate to the species level. A 97 to 99% identity in 16S rRNA gene sequence
was the criterion used to identify an organism at the genus level, and <97% identity in
16S rRNA gene sequence was the criterion used to define a potentially new bacterial
species. See https://www.ncbi.nlm.nih.gov/pmc/articles/PMC87447/

e Based on Table 2. Why authors specifically chose the Bacillus sp. strain x20 as closely
relatives to the DBA2

Answer:

Paragraph 2, Line 9: Because the similarity percentage is 100% and strain x20 is at the
top match. Therefore, we propose that strain DBA2 is a Bacillus sp. strain x20.

¢ This sentence is not totally true. It should be: “Organic acid will solubilize the
inorganic phosphate, while the phosphatase will solubilize the organic phosphate.”

Answer:

Paragraph 3, Line 5: We made change the sentence to be “Organic acids produced by
Bacillus strain will solute the inorganic phosphorus into a plant-available form,
meanwhile the phosphatase will solute the organic phosphorus, therefore the
microorganism can promote plant growth.”

e Paragraph 3, Line 7: We made change the sentence to be “Further identification of
bioactive compound produced Bacillus sp. is necessary.”

12.Reviewer 1 (page 11)
We have correction the references.

13.Reviewer 1 (page 15)
We have correction the Table 1.

14.Reviewer 1 (page 17)
We have correction the Figure 2 title.

15.Reviewer 1 (page 18)
We have attached the high resolution for Figure 3 and We use the Neighbour-Joining


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC87447/

16.Reviewer 1 (page 19)
We have corrected the Table 2.

17.Reviewer 2

e The authors need to define DBA1 and DBA2 better whether they are
isolates or strains. Isolates refers to pure cultures obtained from isolation
without knowing anything about them. Once the isolates have been
characterized, isolates showing identical characteristics (Gram staining,
colony & cellular morphology, or even 16S rRNA gene sequences) will be
identified as the same strain. The general rule is that different isolates can
be the same strain, but different strains cannot be the same isolate.

e In short, if the study has determined that DBA1 and DBA2 are the same
strain, they should remove the findings about DBA1 from the abstract.
However, the two strains had demonstrated different levels of
antagonistic activities against the dental caries pathogens. Hence, they
should be different strains.

Answer: We have modified in a way that the terminology of “isolate” has been
changed into “strain”.

18.Reviewer 2:
e Keywords 16S rRNA gene instead of 16S rRNA
Answer: The correction was provided in the manuscript.

e Antibacterial potency in the title and antibacterial activity throughout the
manuscript - suggest the term antagonistic activity
Answer: The correction was provided in the manuscript. The term antibacterial was
changed to be “antagonistic activity”

¢ Introduction - “Flavonoids are the group which effectively inhibits the
growth of viruses, bacteria, and fungi, as it causes damage to the
permeability of «cell walls and inhibit motility” - this statement is
inaccurate as the viruses have no cell walls
Answer:

We have deleted the “virus” in the sentence.

Corrected to be “Flavonoids are the group which effectively inhibits the growth of
wviruses; bacteria, and fungi, as it causes damage to the permeability of cell walls and
inhibit motility (Xie etal., 2015; Veronita et al., 2017).”

e Introduction -  “These  microorganisms  produce similar  bioactive
compounds as its host plant.” - this statement is disputable and has no
reference to back up
Answer: We have provided the references.



Corrected to be “These microorganisms produce similar bioactive compounds as its
host plant (Arnold, et al., 2020; Potshangbam et al., 2020; Sharma, et al., 2021).”

Introduction - “Desriani et al (2014) reported that out of 37 of the
endophytic bacterial isolates were obtained from the binahong Ileaves,
fifteen isolates exhibited antibacterial properties.” - more info is needed,
antibacterial properties against what kind of microorganisms?

Answer:

Against Pseudomonas aeruginosa.

We have modified to be: “Desriani et al (2014) reported that out of 37 of the
endophytic bacteria isolates were obtained from the binahong leaves, fifteen isolates
exhibited antibacterial properties against Pseudomonas aeruginosa.”

Methods - “The leaves were washed by running tap water and carefully
dried” - this is not a proper sample processing. An autoclave-sterilized
distilled water should be used as the tap water contains microorganisms
that can be introduced into the plant samples

Answer:

Yes, it may be true. However, after cleaning with running tap water, we processed the
leaves by wiping them with EtOH 75%. Therefore, we believe that our method is
sufficient to sterilize the leaves surface.

“The  leaves  surfaces were  disinfected by ethanol 75% and
NaOCl 5,3% for 5 minutes, and then wiped carefully with ethanol 75%. -
please clarify if NaOCl is used at 5.3%

Answer: Yes, we used NaOCl 5.3%.

The cut leaves were then ground in NA plate under aseptic
condition.” - please clarify, it is impossible to grind the leaves in NA plates
in Petri dish. The authors should have used a sterile pestle and mortal to
grind the samples, before resuspending and inoculate into NA plates

Answer:

We have corrected the sentence to be: The cut leaves were then greund put in NA plate
under aseptic condition.

“Gram  staining was carried out by smearing one tube of
bacterial colony thinly on an object glass, then the bacteria were
confirmed first by adding 0.5% of crystal violet solution for the next 5
minutes. Drop Lugol’s solution was added. The preparate were shaken
until no dye flows over the glass object. The preparate were then analysed
under microscope.” - the protocol for gram staining is incomplete, lacking
of safranin and so on, please provide complete procedure for the staining

Answer:

We have corrected to be: “Microscopic observation was carried out using gram
staining for identification of Gram type of bacteria. Gram staining was carried out



firstly by an initial staining with crystal violet dye. The object was then added by
iodine to fix the dye. The last step included ethanol to be added to the object to remove
the dye (Tripathi and Sapra, 2023). The preparate were then analysed under
microscope.”

The authors do not need to italicize the DNA extraction kit, name of media
used
Answer: Yes, the correction was done.

Methods - “The strain culture of the bacteria of dental caries
(Streptococcus mutans and Lactobacillus acidophilus) were incubated in
10 ml Nutrient Broth test tubes for 24 hours at 37° C. The culture was
then poured into a *+ 20 ml petri dish until they were solid.” - this part of
the method is confusing, how did nutrient broth incubated with the
pathogens solidify without agar?

Answer:

The sentence has been corrected to be: “The strain culture of the bacteria of dental
caries (Streptococcus mutans and Lactobacillus acidophilus) were incubated in 10 ml
Nutrient Broth test tubes for 24 hours at 37° C. The culture was then inoculated into a
solid media of NA in Petri dish.”

Methods - “in order to determine the high similarity value with the
existing bacterial species” - suggest to correct it to in order to determine
the most closely related reference bacteria in the database

Answer:

We have corrected to be:

“The sequencing results were implemented for Basic Local Alignment Search Tools
(BLAST) using the database from the National Centre for Biotechnology Information
(NCBI) in order to determine the most closely related reference bacteria in the
database (Nxumalo et al, 2020).”

Results - “Determination was performed to confirm that the plants used
in this study as a source to isolate the endophytic bacteria are the
accurate plant species. According to the determination result, it was
known that the leaves is Anredera cordifolia (Teen.) Steenis” - there
should a specimen voucher deposited in the centre and the number of the
voucher should be provided

Answer: We have provided the voucher number of the specimen.

“Taxonomic identification of the plants used in this study was carried out before the
specimen was used to isolate the endophytic bacteria so that the accurate plant species
was used. According to the identification result from Centre for Biosystematics



and Evolution Research-National Research and Innovation Agency (BRIN) with
the voucher number B-804/V/DI1.05.07/3/2022, it was known that the leaves is
Anredera cordifolia (Teen.) Steenis.”

e Results - “Based on the result of morphological -characterization, the
macroscopic and microscopic characterization of DBA1 and DBAZ2 isolates
were similar, suggesting that these two isolates were the same isolates.” -
The two strains had later demonstrated different levels of antagonistic
activities against the dental caries pathogens. Hence, they should be
different strains.

Answer: Yes, we have corrected to be “Based on the result of morphological
characterization, the macroscopic and microscopic characterization of DBA1 and

DBAZ isolates were shntlar-sugsesting that these-bwo-isolateswore the same-iselates
described in Table 1.”

e The 16S rRNA gene sequencing and analysis with reference to the NCBI
database only revealed the DBA2 was a strain of Bacillus sp. and Bacillus
sp. strain x20 was returned from the database search as the top match.
We cannot conclude that DBAZ2 is Bacillus sp. strain x20 as it should be a
different strain.

Answer: “However, in our study, we believed that strain of DBA2 is Bacillus sp. strain
x20 as it showed 100 similarity and appear in the top match.”

19.Reviewer 3

Introduction part should include more information on endophytic
bacteria of earlier studies on binahong and/or other plants similar to
binahong; and the need to test on dental caries-related microorganisms
(was there similar studies or is binahong usually chewed traditionally to
prevent caries, etc?); while reduce discussing on flavonoids since it is not
being investigated or compared in this study.

Answer:

We have modified the introduction, as follow:

Previous study also reported 3 isolates of endophytic bacteria from the
binahong leaves can inhibit the growth of Staphylococcus, Pseudomonas and
Bacillus (Nursulistyarini and Ainy, 2014).

We have already added in the introduction that S. mutans and L. acidophilus are the
main dental caries-related microorganism in humans, and added the information of
similar studies from different medicinal plant against several dental caries-related
microorganisms.



“We tested on the antagonistic activity of the isolated endophytic bacteria against
Streptococcus mutans and Lactobacillus acidophilus which mainly caused dental
caries in human (Hussein etal.,, 2023; Zhang, 2013). Although, the previous studies
on the antagonistic activity against several dental caries causing bacteria have
been conducted from endophytic fungi of other medicinal plants (Ukhty et al,,
2017; Abdel-Aziz et al., 2020). The exploration and identification on the endophytic
binahong leaf to dental caries causing bacteria are very limited.”

See: https://www.neliti.com/publications/61154 /isolation-of-endophytic-fungi-

from-the-coastal-plant-terong-pungo-solanum-sp-and#cite and
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7277960/.

20.Reviewer 3
Pg5: Endophytic bacteria isolation from the binahong leaves. The
methodology here needs to be expanded more. The grounding of leaves
and subsequent dilution and plating methods should be in more detail. Or
cite the adaptation of a previous study method, if applicable.
Answer:
We have corrected the methodology to be: “The cut leaves were then put in NA plate
under aseptic condition”.

21.Reviewer 3
Pg 6: Antibacterial activities screening: What is the control positive and
control negatives used for analysing the antibacterial properties of the
supernatant? It would be wuseful to know the comparisons to standard
antibiotics and interpret according to CLSI guidelines
Answer:
In this study we don’t use the control positive as our aim is only to screen on which the
bacteria exhibited the largest inhibition zone. However, we used the media for the
negative control.

22.Reviewer 3
The molecular determination of strains was done wusing 16SrRNA
sequences, and Bacillus x20 strain was identified in this study. Since
Bacillus is a spore forming organism, what steps were taken to rule out
contamination from external sources e.g from soil. Maybe can be
explained in the methodology?
Answer:
In the Page 9 (Paragraph 2, line 3), we have already mentioned that we added nystatin
in the NA agar plate to prevent the growth of fungi or spore.

23.Reviewer 3
The main objective of this study was determining antibacterial properties
of potential endophytes, and subsequently identifying that endophyte. So
the antibacterial properties/findings must be expanded more, as was


https://www.neliti.com/publications/61154/isolation-of-endophytic-fungi-from-the-coastal-plant-terong-pungo-solanum-sp-and#cite
https://www.neliti.com/publications/61154/isolation-of-endophytic-fungi-from-the-coastal-plant-terong-pungo-solanum-sp-and#cite
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7277960/

stated in Comment 6, to include comparisons to standard antibiotics.
Molecular identification is important too, but since it is not a novel
organism, the focus should not be on the molecular analysis of this
organism.

Answer:

Our objective in this study is to isolate and identify the bacteria which exhibit
antibacterial activities. Therefore, our focused is on the molecular identification.
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ABSTRACT
Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to

contain secondary metabolites which have important biological
properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to
isolate and identify the endophytic bacteria which can produce
antibacterial metabolites from the leaves of A. cordifolia (Ten.) Steenis

leaves. Two isolates, with-thecodesofDBA1 and DBA2 were isolated and
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Molecular tdentification-identification of eEndophytic Baeteria-bacterium DBA2 isolated from the leaf
of Binaheng-binahong Leaf-(Anredera cordifolia (Ten.) Steenis) and theirits Antibacterial
Peteneyantagonistic activity against bacteria associated with dental caries

purified from the leaves of A. cordifolia. These isolates were subjected to
the screening for their antibaeterial-antagonistic activity against the
bacteria ef-associated with dental caries, which are Streptococcus mutans
and Lactobacillus acidophilus using the disk-diffusion method. The iselate
strain efof -DBAZ2 exhibited the largest diameter of inhibition zone against

both S. mutans (31,17 mm) and L. acidophilus (35,57 mm). While DBA1

exhibited the diameter of inhibition zone of 23,47 mm and 25,87 mm

against S. mutans and L. acidophilus, as respectively. The iselate-strain of /{ Formatted: Font: Italic

Formatted: Font: Italic

DBA2 was then ecentinue—subjected for molecular identification.—The

method-using PCR-technique. The genomic DNA of DBA2 was extracted

with the Geno Plus™ Genomic DNA Extraction Miniprep System_and _—| Formatted: Font: Not ltalic

molecular identification was performed by PCR amplification and

sequencing of the 16S rRNA gene. Amplieons-The amplicons were then

purified and sequenced, byusing-before the 16S rRNA gene sequences

were analysed by a Basic Local Alignment Search Tool (BLAST) search

against the GenBank-National Centre Biotechnology Information (NCBI)

database. The endophytic bacterial iselate-strain DBA2 from the leaves of

A. cordifolia was identified meleeularly-as Bacillus sp., strainx20-with-and /{ Formatted: Font: Not Italic

the top match from the database search revealed athe similarity value of

100%_with the reference Bacillus sp. strain x20. Future studies are /{Formatted: Font: Italic

required to analyse the bioactive compounds of strain DBA2, which can be




considered as a potential source for the new antibacterial drugs for the

dental caries treatment.

Keywords: Anredera cordifolia (Ten.) Steenis, antibacterial activity,

binahong leaf, endophytic bacteria, 16S rRNA gene

INTRODUCTION
The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in

tropical areas and is used as a traditional medicine to treat various diseases—{Azizah

Mashuri—& Abidin 2022} (Azizah et al, 2022). Several studies of A. cordifolia (Ten,

Steenis has proven that this plant contains bioactive compounds used to treat many

diseases, such as wound, diabetic, hematoma, and hyperuricemia {Yuniarti & Lukiswantd

Sumartiningsih—201414)  (Yuniarti & Lukiswanto, 2017; Mutiarawati et al, 2017%;

Laksmitawati & Simbolon, 2017; Sumartiningsih, 2011). It also exhibited anti-

inflammatory properties to cure injured cell (Sumartiningsih, 2011). The part of binahong
plant that is commonly used is the leaves which contain flavonoids, alkaloid, tannin,

saponins, and steroid/triterpenoids

Queljoe; & Boddhi 2018} (Veronita et al., 2017; Surbakti et al., 2018).

Many studies have been conducted for antibacterial properties from the binahong
leaves against some bacteria such as Staphylococcus aureus, Shigella flexneri,

Propionibacterium acnes, and Eschericia coli ; ; ; 3



Molecular tdentification-identification of eEndophytic Baeteria-bacterium DBA2 isolated from the leaf
of Binaheng-binahong Leaf-(Anredera cordifolia (Ten.) Steenis) and theirits Antibacterial
Poteneyantagonistic activity against bacteria associated with dental caries

Prakasita, & Aditiyarini, 2023}(Mengga et al., 2022; Veronita et al., 2017; Ainurrochmah

et al., 2013: Sasebohe et al., 2023). Based on the previous findings, flavonoids are one of

the main compounds responsible for antibacterial properties-(Xie, Yang Tang Chen; & Li;

2015; Basile, Gierdano, Lépez-Saez&Cobian; 19993 (Xie et al., 2015; Basile et al., 1999).

Flavonoids are the group which effectively inhibits the growth of wiruses;-bacteria; and
fungi, as it causes damage to the permeability of cell walls and inhibit motility {Xie, Yang;

(Xie et al., 2015; Veronita et

al., 2017). Several flavonoid compounds from the binahong leaves have been iselated
identified, such as vitexin, isovitexin, and morin {Alba;Pelegrin, & Sebottka, 20207 (Alba
et al., 2020). However, as the microbial resistance is always a problem, discovering and
developing new antibiotics can be a great challenge. Therefore, the development of new
antibacterial agents is essential, including discovering and developing novel antibacterial
compounds from microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, are defines-defined
as a-microorganisms that usually live as symbionts inside a plant (Nxumalo et al, 2020).
These endophytic microorganisms are crucial in the production of many important
bioactive compounds, including antibacterial agents. These microorganisms produce

similar bioactive compounds as its host plant (Arnold, et al., 2020; Potshangbam et al.,

2020; Sharma, et al., 2021). They provide a valuable source for finding novel therapeutic

agents resulting the huge exploration of these endophytic microorganisms. The

considerable diversity of endophytes and their ability to adapt to different environments

can be seen as a valuable and largely untapped resource of novel secondary metabolites

4



that could be used in the applications in pharmaceutical or agricultural sectors (Bacon

and White, 2000).

Desriani etal (2014) statereported that out of 37 of the endophytic bacteria isolatef

were obtained from the binahong leaves, in—which—theirfifteen isolates exhibited

antibacterial properties_against Pseudomonas aeruginosa. The endophytic bacteria

isolated from the A. cordifolia (Ten.) Steenis leaves in previous report has-ever have been

determined as Pseudomonas aeruginosa CP043328.1 which produce antibacterial

metabolites against S. aureus, E. coli, Bacillus cereus, and Proteus mirabilis (Nxumalo et al,

2020). Previous study also reported 3 isolates of endophytic bacteria from the binahong

leaves can inhibit the growth of Staphylococcus, Pseudomonas and Bacillus sy,

/{ Formatted: Font: Italic

/{ Formatted: Font: Italic

(Nursulistyarini and Ainy, 2014).

However, the study on the isolation and identification as well as the exploration of
secondary metabolites of endophytic microorganisms from the binahong plant is yet very
limited. Therefore, this study aimed to isolate and identify the endophytic bacteria which
live in the leaves tissue of the binahong plant (A. cordifolia (Ten.) Steenis) that can

produce antibacterial metabolites. We tested on_the antagonistic activity of the isolatedl

endophytic bacteria against te-Streptococcus mutans and Lactobacillus acidophilus which

mainly caused dental caries in human {Hussein; Saleem, & Merdad, 2023;Zhang 2013}
(Hussein et al., 2023; Zhang, 2013). Although, the previous studies on the antagonistic

activity against several dental caries causing bacteria have been conducted from

endophytic fungi of other medicinal plants (Ukhty et al., 2017; Abdel-Aziz et al., 2020].

The exploration and identification on the endophytic binahong leaf to dental cariep

q

causing bacteria are very limited. In this study, tThe identification was performed using
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Molecular {dentificatien-identification of eEndophytic Bacteria-bacterium DBA2 isolated from the leaf
of Binaheng-binahong Leaf-(Anredera cordifolia (Ten.) Steenis) and theirits Antibacterial
Poteneyantagonistic activity against bacteria associated with dental caries

16S ribosomal RNA (16S rRNA)_gene sequencing—methed_and analysis. Potential
antibacterial compounds present in the endophytic bacteria may also be identified and

considered for the dental caries treatment in the future.

MATERIALS AND METHODS
Chemicals and media

The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn

step liquor, H20, NaOCl, nystatin, DMSO, HCl, NaOH, KH:PO4 agarose gel, and

Deionizeddeionized demineralized water (ddHh20) from Sigma Aldrich, Ltd. The kits

were Geno Plus™, Genomic DNA Extraction Miniprep System from VIOGENE, USA and

Zymo Spin Column PCR Purification kit from Zymo Research, EU. Primers were from

VIOGENE, USA. The mediums were yeast extract, Nutrient Agar medium, and Nutrient

Broth medium from HiMedia Laboratories, India. The medias were prepared and
autoclaved.
Plant sample preparation

The fresh leaves were collected from TanggerangTangerang, Province Banten,

Indonesia. The leaves were identified at Centre for Biosystematics and Evolution

Research-National Research and Innovation Agency (BRIN), PusatPenelitianKonservasi

and-KebunRaya, BRIN-Bogor, JawaBaratWest Java, Indonesia. The leaves were washed
by running tap water and carefully dried. The leaves surfaces were disinfected by ethanol
75% and NaOCl 5,3% for 5 minutes, and then wiped carefully with ethanol 75%.

Endophytic bacteria isolation from the binahong leaves
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_— /{ Formatted: Subscript

{ Formatted: Font: Not Italic

{ Formatted: Font: Not Italic

\\\{ Formatted: Font: Not Italic




Nutrient Agar was used as a medium for the isolation of endophytic bacteria. The

binahong leaves that been disinfected were carefully being cut off. The cut leaves were
then greund-put in NA plate under aseptic condition. Plates were then sealed angl
incubated in 37°C for 48 hours. The endophytic bacteria were taken, purified, and

transferred into new NA plate. The purified isolates were then used for further-step

experiment.

Morphological characterization of endophytic bacteria of the binahong leaves

The isolates were being analysed for their macroscopic and microscopic
characterizations. Macroscopic characterizations include colony shape, colony
pigmentation, consistency, elevation, and edge shape. Microscopic observation was

carried out using gram staining-te-analyse-the-eolourand shape-of bacterial-colonycells

for identification of Gram type of bacteria. Gram staining was carried out firstly by

objeet.The last step included ethanol to be added to the object to remove the dye (Tripathi

and Sapra, 2023). The preparate were then analysed under microscope.

Endophytic bacteria cultivation
Endophytic bacteria were cultivated using a liquid NB medium which had been

sterilized by an autoclave. The pure isolate of endophytic bacteria was-takenand putintp

///{ Formatted: Font: Not Italic

was inoculated into a 10 ml Nutrient Broth test tube. Shaking ilncubation was carried ouL////{ Formatted: Font: Not Italic

for 2 days at a temperature of 25°C. After incubation, the cell biomass and supernatant
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were harvested using centrifugation for 30 minutes with-a-speed-of-at 2000 rpm. The

obtained supernatant was used te-sereen-the-antibacterial- as a source of antibacterial

substances potential of endophytic bacteria.
Antibacterial activities screening
The screening for antibacterial potential in this study was performed by the disk

diffusion method. Two bacterial strains Streptococcus mutants and Lactobacillus

acidophilus, were used as strain indicator for antibacterial activity assay. The strain

culture of the bacteria of dental caries (Streptococcus mutans and Lactobacillus

acidophilus) were incubated in 10 ml Nutrient Broth test tubes for 24 hours at 37° C. The

culture was-then-poured-into-a—+20-mlpetri-dish-until they-were-selid then inoculated

into a solid media of NA in Petri dish. The sterile paper disk was then soaked with the

supernatant, then placed in the NB-NA medium which has been inoculated with
pathogenic bacteria. The plates were incubated for 1-2 days, and then observed their
antibacterial potential by the presence or absence of an inhibition zone around the disk
paper. The percentage of the ratio diameter of clear zone and the diameter paper disk was
calculated. The isolate with the largest zone of inhibition was continued for the molecular
identification.
Molecular identification of endophytic bacteria

The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA)
sequence analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction
Miniprep System kit from VIOGENE, USA based on their manual instruction kit. PCR
method was conducted to amplify the 16S rRNA gene of the endophytic bacteria with the

primer 63f (5’-CAG GCC TAA CAC ATG CAA GTC-3’) and primer 1387r (5’-GGG GGG WGT

8
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GTA CAA GGC-3'. The PCR products were gel extracted and purified by a Zymo Spin
Column PCR Purification kit from Zymo Research, EU. The purified PCR products were
then processed and sequenced at the First Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software analysis (Kumar,-Stecher i & Christinaj;
2018}(Kumar et al., 2018). The sequencing results were finallyanalysed-implemented fo
by-a Basie Loecal-Alignment-Search-Teols{BLAST} using the database from the National

Centre for Biotechnology Information (NCBI) in order to determine the high-similarity

value-with-the-existing baeterial-speecies-most closely related reference bacteria in the

database (Nxumalo et al, 2020).

L}

RESULTS AND DISCUSSION

Determination of the binahong leaves

14

Determination-Taxonomic identification of the wasperfermed-to-confirm-that-th

plants used in this study was carried out before the specimen was as-a-seuree-used tp
isolate the endophytic bacteria are-so that the accurate plant species was used. According

to the determinatien-identification result_ from Centre for Biosystematics and Evolution

Research-National Research and Innovation Agency (BRIN) with the voucher number B

804/V/DI1.05.07/3/2022, it was known that the leaves is Anredera cordifolia (Teen,

Steenis.
Isolation of the endophytic bacteria from the binahong leaves
The surface sterilization was used-as-a-done prior step-fer-the whole isolatioTl

process. This surface sterilization method was performed to eliminate the contaminant
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microorganisms that present in the surface leaves. Nystatin was added to Nutrient Agar

Addition as antifungal agent. Two isolates of endophytic bacteria were obtained and
named with the codes of DBA1 and DBA2. However, the number of the endophytic
bacteria found in this study are less. This result is in consistent with the finding that the
number of endophytic bacteria can be influenced by the particular part of samples. It is
known that the number of endophytic bacteria from the stems and leaves are usually less,
while the roots are abundant (Zinniel, et al., 2022). The heterogeneity of endophytic
bacteria can be influenced by various conditions, such as soil structure, time of sampling,
geographical distribution, and plant age.
Morphological characterization

Based on the result of morphological characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2 iselates-were similar,—suggesting-that

these—two—iselates—were—thesame-iselatesdescribed in Table 1. Microscopic staining

characterizations showed that these two endophytic bacteria were Gram-positive
bacteria. The description of morphological characterization of DBA1 and DBA2 iselates
were shown in FabelTable 1.
Antibacterial activity screening

The two iselates— isolates were cultivated using NB liquid medium. The
supernatant was used into antibacterial testing using the disk diffusion method. The
supernatants of DBA1 and DBA2 showed antibacterial activity against Streptococcus
mutans and Lactobacillus acidophilus with the average clear zone diameter of inhibition

zone as shown in Figure 1. The largest-strongest antibacterial activity was DBA2 with the

10
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average diameter of inhibition zone of 31,17 mm and 35,57 mm against S. mutans and L.
acidophilus, as respectively.

The production of inhibitory zones indicates that there is an inhibitory activity in
the supernatants of both DBA1 and DBAZ2 iselates-against the bacteria of dental caries.
This finding is consistent with the previous studies showed that the endophytic
microbials are said to have antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla,
2022). In this study, both pathogenic bacteria were a Gram-positive bacterium. The
finding that DBA1 and DBA2 had clear inhibition zones suggest that Gram-positive
bacteria were fragile to metabolites from endophytic bacteria of the binahong leaves.

Based on our results, we propose that Gram-positive bacteria are fragile due to the strong

antagonistic activity of bioactive compounds produced from strain DBA2. Although there

are a lot of study reveal the activity against Gram-negative bacteria {Ainurrechmal

(Ainurrochmabh et

al., 2013; Nxumalo et al., 2020). However, the inhibition activities of DBA1 and DBA2 tp

Gram-negative bacteria are still need to be analysed.

Molecular identification of endophytic bacteria isolate DBA2

1

Among two iselatesstrains, strain DBA2 iselate-was chosen as potential iselatp

strain as it showed the largest diameter of inhibition zone against S. mutans and 1.

acidophilus. Furthermore, the genomic DNA was extracted based on the method as

described in the kit procedure.-Fhe-extracted genome wasrun-by PCRusing the 165 rRNA

gel-was-then-analysed-under UV: The obtained DNA bands were confirmed as a size of

approximately 1500 bp shown in Figure 2.
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highest-similarityspecies-of-erganisms— It was processed in the First Base Laboratories,

Malaysia. The sequences of DBA2 were then being assessed by the GenBank NCBI
database and MEGAX software analysis {(Kumar,-Stecher i, & Christina; 2018} (Kumar et
al, 2018).

Specification that meets taxonomic requirements is that if the similarity

percentage is > 99%, it is defined as similarity at the species level (Drancourt et al., 2000).
In addition, it is said to be the same genus if the identity is 96% - 99%_(Drancourt et al.
2000). Max score represents the highest sequence alignment value between the query
sequence alignment results and the sequences contained in the database. A high max
score value and an E-value that is close to 0 indicate a higher level of confidence between
the alignment results of the query sequence and the sequences contained iin the database

that have a high level of homology. The results showed that the strain DBA2 iselate-had a

level of similarity to Bacillus sp.- strain x20 with a max score of 2139%, identification of /,/{ Formatted: Font: Not Italic
) . . . \\{ Formatted: Font: Not Italic

100%, and E-value 0, as shown in Table 2, suggesting that the finding had a high level of
confidence to identify the species of the endophytic bacteria as Bacillus sp.: strain x20. The /,/{ Formatted: Font: Not Italic

phylogenetic trees were made to analyse the relationship between species. The results of

phylogenetic tree were shown in Figure 3.

Based on various literatures, Bacillus sp, strain x20 is also a Gram-positive //{ Formatted: Font: Not Italic
\\{ Formatted: Font: Not Italic

bacterium producing organic acids and phosphatases {Gond,Bergen,Torres—& White;
2045;Zhae,etal; 2023} (Gond et al,, 2015; Zhao et al., 2023). Bacillus sp, strain x20 was //{ Formatted: Font: Not ltalic
| Formatted: Font: Not ltalic
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known to provide beneficial effects to their host plants, such as promotes seed
germination and induces stress resistance (Zhao, et al, 2023). Organic acids ang

phesphatases-produced by Bacillus strain will solute the inorganic phosphorus into a

plant-available form, meanwhile the phosphatases will solute the organic phosphorug,

™

therefore the microorganism can promote plant growth (Zhao, et al., 2023). H-would-bi

identification of bioactive compound produced by Bacillus sp, strain x20 which-can-servi

14
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CONCLUSION

This study revealed that the endophytic bacteria Bacillus sp,strain x20 was isolateh

from the leaves of Anredera cordifolia (Ten.) Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial properties against the bacteria of
dental caries which were Streptococcus mutans and Lactobacillus acidophilus, as shown
by their inhibition zone. Further study needs to be conducted to investigate and identify

the metabolites that may be useful as the antibacterial agents.
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Table 1. The description of macroscopic and microscopic characterization of the isolated

endophytic bacterial from the leaves of the medicinal plant Anredera cordifolia (Ten.)

Steenis
Margins
Isolates Fexture Surface | Consistency
of Colony
B et el | 2l Sdeedd
s
smooth
LAl Flat Curled Flat Buttery
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Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic
bacteria of Anredera cordifolia (Ten.) Steenis leaves against Streptococcus mutans and

Lactobacillus acidophilus
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Figure 2. The gel electrophoresis of PCR-productof DPBA2-iselate-using 16S ribesomal

rRNA gene
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Bacilus =p (in: Bactena) straan X20

Bacillus velezensia strain LXS-N2

Bacillus velezensis strain SODTBO22

| Bacillus ap (in Bacteria) strain HY-110
‘ Bacillus =p (n: Bactena) stram HY-106
‘ Bacillus sp  (in Bactaria) strain LYM4-2

Bacilus =p (in Bactena) stram Y4-6-1

— Bacillus sp (in Bactaria) strain YS1

Bacillus velezensis strain MRB-10

— Bacillus velezensis strain 0244
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Bacilus sp (in: Bactena) stram X20
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Bacilus sp (in Baclaria) strain Hy-110
Bacillus =p (n° Bactena) stram HY-106
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Bacillus sp (in. Bactena) stram Y4-6.1

— Bacillus sp (in Bactaria) strain Y51

Bacillus velezen=is strain MRB-10

— Bacillus velezensis strain 024A

Figure 3. The phylogenetic tree of DBA2 isolate showing evolutionary relationships of
endophytic bacteria from A. cordifolia (Ten.) Steenis leaves. The black circle indicates the

interested isolate. The evolutionary analysis was conducted in MEGAX software analysis

Kumar-Stecher; Li; & Christina;2018):(Kumar et al., 2018).
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Table 2. Molecular identification of 16S ribosomal RNA gene of DBA2 isolate and their
NCBI sequence accession numbers
SpeciesBased-On  Accession Length seore
165 Rrena-Gene Mrenber thp)
e
Lo Ll Sl LREoTEL S ElD L el Aol
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strain SOTB022

e 0P493232 1451 2139 0.0 10000
Lpleslea et
Y4-6-1
Baeteric-strain
¥s1
9 | Bacillusvelezensis OP493205 1441 2139 0.0 100.00
sl L
strain 024A
Closest Relative
Genbank Base Pair
Species Based On Max
No Accession Length EValue % Similarity
16S rRNA Gene score
Number (bp)
Sequences
1 | Bacillus SD (in
Bacteria) strain 0P537150 1530 2139 0.0 100.00
X20
2 Bacillus velezensis
0OP536155 1460 2139 0.0 100.00
strain LXS-N2
3 | Bacillus velezensis
0K047738 1417 2139 0.0 100.00
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4 Bacillus SD (in

Bacteria) strain MZ895449 1453 2139 0.0 100.00

HY 110

1951

Bacillus SO (in

Bacteria) strain MZ895445 1445 2139 0.0 100.00

HY-105

(e}

Bacilus SO (in

Bacteria) street 0P493233 1448 2139 0.0 100.00

LYM4-2

N

Bacillus SD (in

Bacteria) strain 0P493232 1451 2139 0.0 100.00

Y4-6-1

Ic

Bacillus SD (in:

Bacteria) strain 0P493231 1449 2139 0.0 100.00

S1

o

Bacillus velezensis
0P493205 1441 2139 0.0 100.00

strain MRB-10

10 Bacillus velezensis
0P477121 1453 2139 0.0 100.00

strain 024A

26



APJMBB Revised Manuscripts clean version:




Molecular Identification of Endophytic Bacterium DBA2 Isolated from
The Leaf of Binahong (Anredera cordifolia (Ten.) Steenis) and Its

Antagonistic Activity against Bacteria Associated with Dental Caries

Etin Diah Permanasari!2*, Muhammad Ibadurrohman?, Susilo3

1. Magister Ilmu Farmasi, Sekolah Pascasarjana, University of Muhammadiyah Prof
DR HAMKA, JIn. Warung Jati Barat, Kalibata, South Jakarta, DKI Jakarta, 12740,
Indonesia.

Email: etindiah_permanasari@uhamka.ac.id

2. Department of Biology Pharmacy, Faculty of Pharmacy and Science, University
Muhammadiyah Prof DR HAMKA, JIn. Delima II (Kampus C Klender), Duren Sawit,
East Jakarta, DKI Jakarta, 13460, Indonesia.

Email: ibadman46@gmail.com

3. Department of Biology Education, Faculty of Teacher Training and Education,
Universitas Muhammadiyah Prof. DR. Hamka, East Jakarta, 13830, Indonesia.
Email: susilo@uhamka.ac.id

*Corresponding author: Etin Diah Permanasari
Email of corresponding author: etindiah_permanasari@uhamka.ac.id

ABSTRACT
Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to

contain secondary metabolites which have important biological
properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to
isolate and identify the endophytic bacteria which can produce
antibacterial metabolites from the leaves of A. cordifolia (Ten.) Steenis.
Two isolates, DBA1 and DBA2 were isolated and purified from the leaves

of A. cordifolia. These isolates were subjected to the screening for their
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antagonistic activity against the bacteria associated with dental caries,
which are Streptococcus mutans and Lactobacillus acidophilus using the
disk-diffusion method. The strain of DBA2 exhibited the largest diameter
of inhibition zone against both S. mutans (31,17 mm) and L. acidophilus
(35,57 mm). While DBA1 exhibited the diameter of inhibition zone of
23,47 mm and 25,87 mm against S. mutans and L. acidophilus, as
respectively. The strain of DBA2Z was then subjected for molecular
identification. The genomic DNA of DBA2 was extracted with the Geno
Plus™ Genomic DNA Extraction Miniprep System and molecular
identification was performed by PCR amplification and sequencing of the
16S rRNA gene. The amplicons were then purified and sequenced, before
the 16S rRNA gene sequences were analysed by a Basic Local Alignment
Search Tool (BLAST) search against the National Centre Biotechnology
Information (NCBI) database. The endophytic bacterial strain DBA2 from
the leaves of A. cordifolia was identified as Bacillus sp., and the top match
from the database search revealed a similarity value of 100% with the
reference Bacillus sp. strain x20. Future studies are required to analyse the
bioactive compounds of strain DBA2, which can be considered as a
potential source for the new antibacterial drugs for the dental caries

treatment.




Keywords: Anredera cordifolia (Ten.) Steenis, antibacterial activity,

binahong leaf, endophytic bacteria, 16S rRNA gene

INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in
tropical areas and is used as a traditional medicine to treat various diseases (Azizah et al.,
2022). Several studies of A. cordifolia (Ten.) Steenis has proven that this plant contains
bioactive compounds used to treat many diseases, such as wound, diabetic, hematoma,
and hyperuricemia (Yuniarti & Lukiswanto, 2017; Mutiarawati et al., 2017; Laksmitawati
& Simbolon, 2017; Sumartiningsih, 2011). It also exhibited anti-inflammatory properties
to cure injured cell (Sumartiningsih, 2011). The part of binahong plant that is commonly
used is the leaves which contain flavonoids, alkaloid, tannin, saponins, and
steroid/triterpenoids (Veronita et al., 2017; Surbakti et al., 2018).

Many studies have been conducted for antibacterial properties from the binahong
leaves against some bacteria such as Staphylococcus aureus, Shigella flexneri,
Propionibacterium acnes, and Eschericia coli (Mengga et al.,, 2022; Veronita et al,, 2017;
Ainurrochmah et al., 2013; Sasebohe et al, 2023). Based on the previous findings,
flavonoids are one of the main compounds responsible for antibacterial properties (Xie et
al, 2015; Basile et al., 1999). Flavonoids are the group which effectively inhibits the

growth of bacteria and fungi, as it causes damage to the permeability of cell walls and
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inhibit motility (Xie et al., 2015; Veronita et al., 2017). Several flavonoid compounds from
the binahong leaves have been identified, such as vitexin, isovitexin, and morin (Alba et
al., 2020). However, as the microbial resistance is always a problem, discovering and
developing new antibiotics can be a great challenge. Therefore, the development of new
antibacterial agents is essential, including discovering and developing novel antibacterial
compounds from microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, are defined as
microorganisms that usually live as symbionts inside a plant (Nxumalo et al, 2020). These
endophytic microorganisms are crucial in the production of many important bioactive
compounds, including antibacterial agents. These microorganisms produce similar
bioactive compounds as its host plant (Arnold, et al., 2020; Potshangbam et al., 2020;
Sharma, et al., 2021). They provide a valuable source for finding novel therapeutic agents
resulting the huge exploration of these endophytic microorganisms. The considerable
diversity of endophytes and their ability to adapt to different environments can be seen
as a valuable and largely untapped resource of novel secondary metabolites that could be
used in the applications in pharmaceutical or agricultural sectors (Bacon and White,
2000).

Desriani et al (2014) reported that out of 37 of the endophytic bacteria isolates were
obtained from the binahong leaves, fifteen isolates exhibited antibacterial properties
against Pseudomonas aeruginosa. The endophytic bacteria isolated from the A. cordifolia
(Ten.) Steenis leaves in previous report have been determined as Pseudomonas
aeruginosa CP043328.1 which produce antibacterial metabolites against S. aureus, E. coli,

Bacillus cereus, and Proteus mirabilis (Nxumalo et al, 2020). Previous study also reported
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3 isolates of endophytic bacteria from the binahong leaves can inhibit the growth of
Staphylococcus, Pseudomonas and Bacillus sp. (Nursulistyarini and Ainy, 2014).

However, the study on the isolation and identification as well as the exploration of
secondary metabolites of endophytic microorganisms from the binahong plant is yet very
limited. Therefore, this study aimed to isolate and identify the endophytic bacteria which
live in the leaves tissue of the binahong plant (A. cordifolia (Ten.) Steenis) that can
produce antibacterial metabolites. We tested on the antagonistic activity of the isolated
endophytic bacteria against Streptococcus mutans and Lactobacillus acidophilus which
mainly caused dental caries in human (Hussein et al., 2023; Zhang, 2013). Although, the
previous studies on the antagonistic activity against several dental caries causing bacteria
have been conducted from endophytic fungi of other medicinal plants (Ukhty et al., 2017;
Abdel-Aziz et al., 2020). The exploration and identification on the endophytic binahong
leaf to dental caries causing bacteria are very limited. In this study, the identification was
performed using 16S ribosomal RNA (16S rRNA) gene sequencing and analysis. Potential
antibacterial compounds present in the endophytic bacteria may also be identified and

considered for the dental caries treatment in the future.

MATERIALS AND METHODS
Chemicals and media

The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn
step liquor, H20, NaOCI, nystatin, DMSO, HCI, NaOH, KH2PO4, agarose gel, and deionized
demineralized water (ddH20) from Sigma Aldrich, Ltd. The kits were Geno Plus™,

Genomic DNA Extraction Miniprep System from VIOGENE, USA and Zymo Spin Column
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PCR Purification kit from Zymo Research, EU. Primers were from VIOGENE, USA. The
mediums were yeast extract, Nutrient Agar medium, and Nutrient Broth medium from
HiMedia Laboratories, India. The medias were prepared and autoclaved.
Plant sample preparation

The fresh leaves were collected from Tangerang, Province Banten, Indonesia. The
leaves were identified at Centre for Biosystematics and Evolution Research-National
Research and Innovation Agency (BRIN), Bogor, West Java, Indonesia. The leaves were
washed by running tap water and carefully dried. The leaves surfaces were disinfected by
ethanol 75% and NaOCl 5,3% for 5 minutes, and then wiped carefully with ethanol 75%.
Endophytic bacteria isolation from the binahong leaves

Nutrient Agar was used as a medium for the isolation of endophytic bacteria. The
binahong leaves that been disinfected were carefully being cut off. The cut leaves were
then put in NA plate under aseptic condition. Plates were then sealed and incubated in
37°C for 48 hours. The endophytic bacteria were taken, purified, and transferred into new
NA plate. The purified isolates were then used for further experiment.
Morphological characterization of endophytic bacteria of the binahong leaves

The isolates were being analysed for their macroscopic and microscopic
characterizations. Macroscopic characterizations include colony shape, colony
pigmentation, consistency, elevation, and edge shape. Microscopic observation was
carried out using gram staining for identification of Gram type of bacteria. Gram staining
was carried out firstly by an initial staining with crystal violet dye. The object was then

added by iodine to fix the dye. The last step included ethanol to be added to the object to



remove the dye (Tripathi and Sapra, 2023). The preparate were then analysed under
microscope.
Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid NB medium which had been
sterilized by an autoclave. The pure isolate of endophytic bacteria was inoculated into a
10 ml Nutrient Broth test tube. Shaking incubation was carried out for 2 days at a
temperature of 25°C. After incubation, the cell biomass and supernatant were harvested
using centrifugation for 30 minutes at 2000 rpm. The obtained supernatant was used as
a source of antibacterial substances potential of endophytic bacteria.
Antibacterial activities screening

The screening for antibacterial potential in this study was performed by the disk

diffusion method. Two bacterial strains Streptococcus mutants and Lactobacillus
acidophilus, were used as strain indicator for antibacterial activity assay. The strain
culture of the bacteria of dental caries (Streptococcus mutans and Lactobacillus
acidophilus) were incubated in 10 ml Nutrient Broth test tubes for 24 hours at 37° C. The
culture was then inoculated into a solid media of NA in Petri dish. The sterile paper disk
was then soaked with the supernatant, then placed in the NA medium which has been
inoculated with pathogenic bacteria. The plates were incubated for 1-2 days, and then
observed their antibacterial potential by the presence or absence of an inhibition zone
around the disk paper. The percentage of the ratio diameter of clear zone and the
diameter paper disk was calculated. The isolate with the largest zone of inhibition was
continued for the molecular identification.

Molecular identification of endophytic bacteria
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The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA)

sequence analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction
Miniprep System kit from VIOGENE, USA based on their manual instruction kit. PCR
method was conducted to amplify the 16S rRNA gene of the endophytic bacteria with the
primer 63f (5’-CAG GCC TAA CACATG CAA GTC-3’) and primer 1387r (5’-GGG GGG WGT
GTA CAA GGC-3'. The PCR products were gel extracted and purified by a Zymo Spin
Column PCR Purification kit from Zymo Research, EU. The purified PCR products were
then processed and sequenced at the First Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software analysis (Kumar et al, 2018). The
sequencing results were implemented for BLAST using the database from the National
Centre for Biotechnology Information (NCBI) in order to determine the most closely
related reference bacteria in the database (Nxumalo et al, 2020).
RESULTS AND DISCUSSION
Determination of the binahong leaves

Taxonomic identification of the plants used in this study was carried out before the
specimen was used to isolate the endophytic bacteria so that the accurate plant species
was used. According to the identification result from Centre for Biosystematics and
Evolution Research-National Research and Innovation Agency (BRIN) with the voucher
number B-804/V/DI.05.07/3/2022, it was known that the leaves is Anredera cordifolia
(Teen.) Steenis.
Isolation of the endophytic bacteria from the binahong leaves

The surface sterilization was done prior the whole isolation process. This surface

sterilization method was performed to eliminate the contaminant microorganisms that
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present in the surface leaves. Nystatin was added to Nutrient Agar Addition as antifungal
agent. Two isolates of endophytic bacteria were obtained and named with the codes of
DBA1 and DBA2. However, the number of the endophytic bacteria found in this study are
less. This result is in consistent with the finding that the number of endophytic bacteria
can be influenced by the particular part of samples. It is known that the number of
endophytic bacteria from the stems and leaves are usually less, while the roots are
abundant (Zinniel, et al., 2022). The heterogeneity of endophytic bacteria can be
influenced by various conditions, such as soil structure, time of sampling, geographical
distribution, and plant age.
Morphological characterization

Based on the result of morphological characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2 were described in Table 1. Microscopic
staining characterizations showed that these two endophytic bacteria were Gram-
positive bacteria. The description of morphological characterization of DBA1 and DBA2
were shown in Table 1.
Antibacterial activity screening

The two isolates were cultivated using NB liquid medium. The supernatant was
used into antibacterial testing using the disk diffusion method. The supernatants of DBA1
and DBA2 showed antibacterial activity against Streptococcus mutans and Lactobacillus
acidophilus with the average clear zone diameter of inhibition zone as shown in Figure 1.
The strongest antibacterial activity was DBA2 with the average diameter of inhibition

zone of 31,17 mm and 35,57 mm against S. mutans and L. acidophilus, as respectively.
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The production of inhibitory zones indicates that there is an inhibitory activity in
the supernatants of both DBA1 and DBAZ2 against the bacteria of dental caries. This finding
is consistent with the previous studies showed that the endophytic microbials are said to
have antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla, 2022). In this study,
both pathogenic bacteria were a Gram-positive bacterium. The finding that DBA1 and
DBA2 had clear inhibition zones suggest that Gram-positive bacteria were fragile to
metabolites from endophytic bacteria of the binahong leaves. Based on our results, we
propose that Gram-positive bacteria are fragile due to the strong antagonistic activity of
bioactive compounds produced from strain DBA2. Although there are a lot of study reveal
the activity against Gram-negative bacteria (Ainurrochmah et al., 2013; Nxumalo et al,,
2020). However, the inhibition activities of DBA1 and DBA2 to Gram-negative bacteria are
still need to be analysed.
Molecular identification of endophytic bacteria isolate DBA2

Among two strains, strain DBA2 was chosen as potential strain as it showed the
largest diameter of inhibition zone against S. mutans and L. acidophilus. Furthermore, the
genomic DNA was extracted based on the method as described in the kit procedure. The
obtained DNA bands were confirmed as a size of approximately 1500 bp shown in Figure
2. It was processed in the First Base Laboratories, Malaysia. The sequences of DBA2 were
then being assessed by the GenBank NCBI database and MEGAX software analysis (Kumar
etal., 2018).

Specification that meets taxonomic requirements is that if the similarity

percentage is > 99%, it is defined as similarity at the species level (Drancourt et al., 2000).

In addition, it is said to be the same genus if the identity is 96% - 99% (Drancourt et al.,
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2000). Max score represents the highest sequence alignment value between the query
sequence alignment results and the sequences contained in the database. A high max
score value and an E-value that is close to 0 indicate a higher level of confidence between
the alignment results of the query sequence and the sequences contained in the database
that have a high level of homology. The results showed that the strain DBA2 had a level of
similarity to Bacillus sp. strain x20 with a max score of 2139%, identification of 100%, and
E-value 0, as shown in Table 2, suggesting that the finding had a high level of confidence
to identify the species of the endophytic bacteria as Bacillus sp. strain x20. The
phylogenetic trees were made to analyse the relationship between species. The results of
phylogenetic tree were shown in Figure 3.

Based on various literatures, Bacillus sp. strain x20 is also a Gram-positive
bacterium producing organic acids and phosphatases (Gond et al., 2015; Zhao et al., 2023).
Bacillus sp. strain x20 was known to provide beneficial effects to their host plants, such as
promotes seed germination and induces stress resistance (Zhao, et al., 2023). Organic
acids produced by Bacillus strain will solute the inorganic phosphorus into a plant-
available form, meanwhile the phosphatases will solute the organic phosphorus,
therefore the microorganism can promote plant growth (Zhao, et al., 2023). Further

identification of bioactive compound produced by Bacillus sp. strain x20 is necessary.

CONCLUSION
This study revealed that the endophytic bacteria Bacillus sp. strain x20 was isolated
from the leaves of Anredera cordifolia (Ten.) Steenis. These endophytic bacteria produced

secondary metabolites that exhibited antibacterial properties against the bacteria of
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dental caries which were Streptococcus mutans and Lactobacillus acidophilus, as shown
by their inhibition zone. Further study needs to be conducted to investigate and identify

the metabolites that may be useful as the antibacterial agents.
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Table 1. The description of macroscopic and microscopic characterization of the isolated

endophytic bacterial from the leaves of the medicinal plant Anredera cordifolia (Ten.)

Steenis

Margins

Isolates Shapes Colour Texture Surface Consistency Staining
of Colony

Flat and
DBA1 Irregular White Flat  Undulate atan
smooth

Flat and
DBA2 Irregular White Flat Curled atan Buttery
smooth

Mucoid +ve

t+ve
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Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic
bacteria of Anredera cordifolia (Ten.) Steenis leaves against Streptococcus mutans and

Lactobacillus acidophilus
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Figure 3. The phylogenetic tree of DBA2 isolate showing evolutionary relationships of
endophytic bacteria from A. cordifolia (Ten.) Steenis leaves. The black circle indicates the
interested isolate. The evolutionary analysis was conducted in MEGAX software analysis

(Kumar et al., 2018).
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Table 2. Molecular identification of 16S ribosomal RNA gene of DBAZ2 isolate and their

NCBI sequence accession numbers

Closest Relative
Genbank Base Pair
Species Based On Max
No Accession Length E Value % Similarity
16S rRNA Gene score
Number (bp)
Sequences
1 | Bacillus SD (in
Bacteria) strain 0OP537150 1530 2139 0.0 100.00
X20
2 Bacillus velezensis
0OP536155 1460 2139 0.0 100.00
strain LXS-N2
3 | Bacillus velezensis
0K047738 1417 2139 0.0 100.00
strain SOTB022
4 Bacillus SD (in
Bacteria) strain MZ895449 1453 2139 0.0 100.00
HY 110
5 | Bacillus SO (in
Bacteria) strain MZ895445 1445 2139 0.0 100.00
HY-105
6 Bacilus SO (in
Bacteria) street 0P493233 1448 2139 0.0 100.00

LYM4-2
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7 | Bacillus SD (in

Bacteria) strain 0P493232 1451 2139 0.0 100.00

Y4-6-1

8 Bacillus SD (in:
Bacteria) strain 0P493231 1449 2139 0.0 100.00
YS1
9 | Bacillus velezensis
0P493205 1441 2139 0.0 100.00
strain MRB-10
10 Bacillus velezensis

0P477121 1453 2139 0.0 100.00
strain 024A
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ABSTRACT
Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to

contain secondary metabolites which have important biological
properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to
isolate and identify the endophytic bacteria which can produce
antibacterial metabolites from the leaves of A. cordifolia (Ten.) Steenis.
Two isolates, DBA1 and DBA2 were isolated and purified from the leaves

of A. cordifolia. These isolates were subjected to the screening for their
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antagonistic activity against the bacteria associated with dental caries,
which are Streptococcus mutans and Lactobacillus acidophilus using the
disk-diffusion method. The strain of DBA2 exhibited the largest diameter
of inhibition zone against both S. mutans (31,17 mm) and L. acidophilus
(35,57 mm). While DBA1 exhibited the diameter of inhibition zone of
23,47 mm and 25,87 mm against S. mutans and L. acidophilus, as
respectively. The strain of DBA2Z was then subjected for molecular
identification. The genomic DNA of DBA2 was extracted with the Geno
Plus™ Genomic DNA Extraction Miniprep System and molecular
identification was performed by PCR amplification and sequencing of the
16S rRNA gene. The amplicons were then purified and sequenced, before
the 16S rRNA gene sequences were analysed by a Basic Local Alignment
Search Tool (BLAST) search against the National Centre Biotechnology
Information (NCBI) database. The endophytic bacterial strain DBA2 from

the leaves of A. cordifolia was identified to be closely related to as Bacillus

sp., and the top match from the database search revealed a similarity value
of 100% with the reference Bacillus sp. strain x20. Future studies are
required to analyse the bioactive compounds of strain DBA2, which can be
considered as a potential source for the new antibacterial drugs for the

dental caries treatment.




Keywords: Anredera cordifolia (Ten.) Steenis, antibacterial activity,

binahong leaf, endophytic bacteria, 16S rRNA gene

INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in
tropical areas and is used as a traditional medicine to treat various diseases (Azizah et al.,
2022). Several studies of A. cordifolia (Ten.) Steenis has proven that this plant contains
bioactive compounds used to treat many diseases, such as wound, diabetic, hematoma,
and hyperuricemia (Yuniarti & Lukiswanto, 2017; Mutiarawati et al., 2017; Laksmitawati
& Simbolon, 2017; Sumartiningsih, 2011). It also exhibited anti-inflammatory properties
to cure injured cell (Sumartiningsih, 2011). The part of binahong plant that is commonly
used is the leaves which contain flavonoids, alkaloid, tannin, saponins, and
steroid/triterpenoids (Veronita et al., 2017; Surbakti et al., 2018).

Many studies have been conducted for antibacterial properties from the binahong
leaves against some bacteria such as Staphylococcus aureus, Shigella flexneri,
Propionibacterium acnes, and Eschericia coli (Mengga et al., 2022; Veronita et al.,, 2017;
Ainurrochmah et al., 2013; Sasebohe et al, 2023). Based on the previous findings,
flavonoids are one of the main compounds responsible for antibacterial properties (Xie et
al, 2015; Basile et al., 1999). Flavonoids are the group which effectively inhibits the
growth of bacteria and fungi, as it causes damage to the permeability of cell walls and
inhibit motility (Xie et al., 2015; Veronita et al., 2017). Several flavonoid compounds from

the binahong leaves have been identified, such as vitexin, isovitexin, and morin (Alba et
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al, 2020). However, as the microbial resistance is always a problem, discovering and
developing new antibiotics can be a great challenge. Therefore, the development of new
antibacterial agents is essential, including discovering and developing novel antibacterial
compounds from microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, are defined as
microorganisms that usually live as symbionts inside a plant (Nxumalo et al, 2020). These
endophytic microorganisms are crucial in the production of many important bioactive
compounds, including antibacterial agents. These microorganisms produce similar
bioactive compounds as its host plant (Arnold, et al.,, 2020; Potshangbam et al., 2020;
Sharma, et al., 2021). They provide a valuable source for finding novel therapeutic agents
resulting the huge exploration of these endophytic microorganisms. The considerable
diversity of endophytes and their ability to adapt to different environments can be seen
as a valuable and largely untapped resource of novel secondary metabolites that could be
used in the applications in pharmaceutical or agricultural sectors (Bacon and White,
2000).

Desriani et al (2014) reported that out of 37 of the endophytic bacteria isolates were
obtained from the binahong leaves, fifteen isolates exhibited antibacterial properties
against Pseudomonas aeruginosa. The endophytic bacteria isolated from the A. cordifolia
(Ten.) Steenis leaves in previous report have been determined as Pseudomonas
aeruginosa CP043328.1 which produce antibacterial metabolites against S. aureus, E. coli,
Bacillus cereus, and Proteus mirabilis (Nxumalo et al, 2020). Previous study also reported
3 isolates of endophytic bacteria from the binahong leaves can inhibit the growth of

Staphylococcus, Pseudomonas and Bacillus sp. (Nursulistyarini and Ainy, 2014).
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However, the study on the isolation and identification as well as the exploration of
secondary metabolites of endophytic microorganisms from the binahong plant is yet very
limited. Therefore, this study aimed to isolate and identify the endophytic bacteria which
live in the leaves tissue of the binahong plant (A. cordifolia (Ten.) Steenis) that can
produce antibacterial metabolites. We tested on the antagonistic activity of the isolated
endophytic bacteria against Streptococcus mutans and Lactobacillus acidophilus which
mainly caused dental caries in human (Hussein et al., 2023; Zhang, 2013). Although, the
previous studies on the antagonistic activity against several dental caries causing bacteria
have been conducted from endophytic fungi of other medicinal plants (Ukhty et al., 2017;
Abdel-Aziz et al., 2020). The exploration and identification on the endophytic binahong
leaf to dental caries causing bacteria are very limited. In this study, the identification was
performed using 16S ribosomal RNA (16S rRNA) gene sequencing and analysis. Potential
antibacterial compounds present in the endophytic bacteria may also be identified and

considered for the dental caries treatment in the future.

MATERIALS AND METHODS
Chemicals and media

The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn
step liquor, H20, NaOCI, nystatin, DMSO, HCI, NaOH, KH2PO4, agarose gel, and deionized
demineralized water (ddH20) from Sigma Aldrich, Ltd. The kits were Geno Plus™,
Genomic DNA Extraction Miniprep System from VIOGENE, USA and Zymo Spin Column

PCR Purification kit from Zymo Research, EU. Primers were from VIOGENE, USA. The
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mediums were yeast extract, Nutrient Agar medium, and Nutrient Broth medium from
HiMedia Laboratories, India. The medias were prepared and autoclaved.
Plant sample preparation

The fresh leaves were collected from Tangerang, Province Banten, Indonesia. The
leaves were identified at Centre for Biosystematics and Evolution Research-National
Research and Innovation Agency (BRIN), Bogor, West Java, Indonesia. The leaves were
washed by running tap water and carefully dried (Susilo et al., 2018; Susilo & Meitiyani,
2018). The leaves surfaces were disinfected by ethanol 75% and NaOCI 5,3% for 5
minutes, and then wiped carefully with ethanol 75%.
Endophytic bacteria isolation from the binahong leaves

Nutrient Agar was used as a medium for the isolation of endophytic bacteria. The
binahong leaves that been disinfected were carefully being cut off. The cut leaves were
then put in NA plate under aseptic condition. Plates were then sealed and incubated in
37°C for 48 hours. The endophytic bacteria were taken, purified, and transferred into new
NA plate. The purified isolates were then used for further experiment.
Morphological characterization of endophytic bacteria of the binahong leaves

The isolates were being analysed for their macroscopic and microscopic
characterizations. Macroscopic characterizations include colony shape, colony
pigmentation, consistency, elevation, and edge shape. Microscopic observation was
carried out using gram staining for identification of Gram type of bacteria. Gram staining
was carried out firstly by an initial staining with crystal violet dye. The object was then

added by iodine to fix the dye. The last step included ethanol to be added to the object to



remove the dye (Tripathi and Sapra, 2023). The preparate were then analysed under
microscope.
Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid NB medium which had been
sterilized by an autoclave. The pure isolate of endophytic bacteria was inoculated into a
10 ml Nutrient Broth test tube. Shaking incubation was carried out for 2 days at a
temperature of 25°C. After incubation, the cell biomass and supernatant were harvested
using centrifugation for 30 minutes at 2000 rpm. The obtained supernatant was used as
a source of antibacterial substances potential of endophytic bacteria.
Antibacterial activities screening

The screening for antibacterial potential in this study was performed by the disk

diffusion method. Two bacterial strains Streptococcus mutants and Lactobacillus
acidophilus, were used as strain indicator for antibacterial activity assay. The strain
culture of the bacteria of dental caries (Streptococcus mutans and Lactobacillus
acidophilus) were incubated in 10 ml Nutrient Broth test tubes for 24 hours at 37° C. The
culture was then inoculated into a solid media of NA in Petri dish. The sterile paper disk
was then soaked with the supernatant, then placed in the NA medium which has been
inoculated with pathogenic bacteria. The plates were incubated for 1-2 days, and then

observed their antibacterial potential by the presence or absence of an inhibition zone

around the disk paper.—Thepercentage—of-the ratio—diameter—of€lear zone—and-the
diameter paper—disk-was—calewlatedThe activities were determined by measuring the

diameter of the inhibition zone in millimeter (mm) against pathogenic microorganism.
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The isolate with the largest diameter of inhibition zone ef-inhibitien-was continued for
the molecular identification.
Molecular identification of endophytic bacteria

The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA)
sequence analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction
Miniprep System kit from VIOGENE, USA based on their manual instruction kit. PCR
method was conducted to amplify the 16S rRNA gene of the endophytic bacteria with the
primer 63f (5’-CAG GCC TAA CAC ATG CAA GTC-3’) and primer 1387r (5’-GGG GGG WGT
GTA CAA GGC-3'. The PCR products were gel extracted and purified by a Zymo Spin
Column PCR Purification kit from Zymo Research, EU. The purified PCR products were
then processed and sequenced at the First Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software analysis (Kumar et al, 2018). The
sequencing results were implemented for BLAST using the database from the National
Centre for Biotechnology Information (NCBI) in order to determine the most closely
related reference bacteria in the database (Nxumalo et al, 2020).
RESULTS AND DISCUSSION
Determination of the binahong leaves

Taxonomic identification of the plants used in this study was carried out before the

specimen was used to isolate the endophytic bacteria so that the accurate plant species
was used. According to the identification result from Centre for Biosystematics and
Evolution Research-National Research and Innovation Agency (BRIN) with the voucher
number B-804/V/DI1.05.07/3/2022, it was known that the leaves is Anredera cordifolia

(Teen.) Steenis.



Isolation of the endophytic bacteria from the binahong leaves

The surface sterilization was done prior the whole isolation process. This surface
sterilization method was performed to eliminate the contaminant microorganisms that
present in the surface leaves. Nystatin was added to Nutrient Agar Addition as antifungal
agent. Two isolates of endophytic bacteria were obtained and named with the codes of
DBA1 and DBAZ2. However, the number of the endophytic bacteria found in this study are
less. This result is in consistent with the finding that the number of endophytic bacteria
can be influenced by the particular part of samples. It is known that the number of
endophytic bacteria from the stems and leaves are usually less, while the roots are
abundant (Zinniel, et al., 2022). The heterogeneity of endophytic bacteria can be
influenced by various conditions, such as soil structure, time of sampling, geographical
distribution, and plant age.
Morphological characterization

Based on the result of morphological characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2 were described in Table 1. Microscopic
staining characterizations showed that these two endophytic bacteria were Gram-
positive bacteria. The description of morphological characterization of DBA1 and DBA2
were shown in Table 1.
Antibacterial activity screening

The two isolates were cultivated using NB liquid medium. The supernatant was
used into antibacterial testing using the disk diffusion method. The supernatants of DBA1
and DBA2 showed antibacterial activity against Streptococcus mutans and Lactobacillus

acidophilus with the average clear zone diameter of inhibition zone as shown in Figure 1.
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The strongest antibacterial activity was DBA2 with the average diameter of inhibition
zone of 31,17 mm and 35,57 mm against S. mutans and L. acidophilus, as respectively.

The production of inhibitory zones indicates that there is an inhibitory activity in
the supernatants of both DBA1 and DBA2 against the bacteria of dental caries. This finding
is consistent with the previous studies showed that the endophytic microbials are said to
have antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla, 2022). In this study,
both pathogenic bacteria were a Gram-positive bacterium. The finding that DBA1 and
DBA2 had clear inhibition zones suggest that Gram-positive bacteria were fragile to
metabolites from endophytic bacteria of the binahong leaves. Based on our results, we
propose that Gram-positive bacteria are fragile due to the strong antagonistic activity of
bioactive compounds produced from strain DBA2. Although there are a lot of study reveal
the activity against Gram-negative bacteria (Ainurrochmah et al.,, 2013; Nxumalo et al,,
2020). However, the inhibition activities of DBA1 and DBA2 to Gram-negative bacteria are
still need to be analysed.
Molecular identification of endophytic bacteria isolate DBA2

Among two strains, strain DBA2 was chosen as potential strain as it showed the
largest diameter of inhibition zone against S. mutans and L. acidophilus. Furthermore, the
genomic DNA was extracted based on the method as described in the kit procedure. The
obtained DNA bands were confirmed as a size of approximately 1500 bp shown in Figure
2. It was processed in the First Base Laboratories, Malaysia. The sequences of DBA2 were
then being assessed by the GenBank NCBI database and MEGAX software analysis (Kumar

etal,, 2018).
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Specification that meets taxonomic requirements is that if the similarity
percentage is > 99%, it is defined as similarity at the species level (Drancourt et al., 2000).
In addition, it is said to be the same genus if the identity is 96% - 99% (Drancourt et al.,
2000). Max score represents the highest sequence alignment value between the query
sequence alignment results and the sequences contained in the database. A high max
score value and an E-value that is close to 0 indicate a higher level of confidence between
the alignment results of the query sequence and the sequences contained in the database
that have a high level of homology. The results showed that the strain DBA2 had a level of
similarity to Bacillus sp. strain x20 with a max score of 2139%, identification of 100%, and

E-value 0, as shown in Table 2, suggesting that the finding had a high level of confidence

to identify that the species of the endophytic bacteria is closely related to as Bacillus sp.
strain x20. The phylogenetic trees were made to analyse the relationship between species.
The results of phylogenetic tree were shown in Figure 3.

Based on various literatures, Bacillus sp. strain x20 is also a Gram-positive
bacterium producing organic acids and phosphatases (Gond et al., 2015; Zhao et al., 2023).
Bacillus sp. strain x20 was known to provide beneficial effects to their host plants, such as
promotes seed germination and induces stress resistance (Zhao, et al., 2023). Organic
acids produced by Bacillus strain will solute the inorganic phosphorus into a plant-
available form, meanwhile the phosphatases will solute the organic phosphorus,
therefore the microorganism can promote plant growth (Zhao, et al., 2023). Further

identification of bioactive compound produced by Bacillus sp. strain x20 is necessary.

CONCLUSION
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This study revealed that the endophytic bacteria which closely related to Bacillus sp.
strain x20 was isolated from the leaves of Anredera cordifolia (Ten.) Steenis. These
endophytic bacteria produced secondary metabolites that exhibited antibacterial
properties against the bacteria of dental caries which were Streptococcus mutans and
Lactobacillus acidophilus, as shown by their inhibition zone. Further study needs to be
conducted to investigate and identify the metabolites that may be useful as the

antibacterial agents.

ACKNOWLEDGMENTS

We acknowledge the Department of Biology Pharmacy, Faculty of Pharmacy and
Science UHAMKA for providing the laboratory facilities for our research work. We thank
to the faculty member in the Department of Biology-UHAMKA and the Department of

Biology Education-UHAMKA for the great discussions.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES
Abdel-Aziz, M. M., Emam, T. M., Rafaat, M. M. 2020. Hindering of cariogenic Streptococcus
mutans biofilm by fatty acid array derived from an endophytic Arthrographis

kalrae strain. Biomolecules, 10(5): 811.

12



Ainurrochmah, A., Ratnasari, E., & Lisdiana, L. 2013. The effectivity of binahong (Anredera
cordifolia) leaves extracts for growth inhibition of Shigella flexneri by agar well
difussion method. LenteraBio, 2 (3): 233-237.

Alba, T. M., Pelegrin, C. M., & Sobottka, A. M. 2020. Ethnobotany, ecology, pharmacology,
and chemistry of Anredera cordifolia (Basellaceae): a review. Rodriguésia, 71: p.
010420109.

Arnold, A. E., Maynard, Z., Gilbert, G. S., Coley, P. D., Kursar, T. A. 2002. Are tropical fungal
endophytes hyperdiverse?. Ecology Letters, 3 (4): 267-274.

Azizah, L. N,, Mashuri, & Abidin, Z. 2022. Study of the use of binahong (Anredera cordifolia)
herbal as complementary treatment wounds in Tenger Tribes. IOP Conf. Series:
Earth and Environmental Science. I0P Publishing.

Bacon, C. W & White, J. (Eds.). 2000. Microbial Endophytes. CRC Press.

Basile, A., Giordano, S., Lopez-Saez, |. A., & Cobian, R. C. 1999. Antibacterial activity of pure
flavonoids isolated from mosses. Phytochemistry, 52(8):1479-1482.

Desriani, D., Safira, U. M., Bintang, M., Rivai, A, & Lisidyanti, P. 2014. Isolation and
characterization of endophytic bacteria from Chinese Binahong and Ketepeng
plants. Jurnal Kesehatan Andalas, 3(2): 89-93.

Drancourt, M., C. Bollet, A. Carlioz, R. Martelin, ]J. P. Gayral, & D. Raoult. 2000. 16S
ribosomal sequence analysis of a large collection of environmental and clinical
unidentifiable bacterial isolates. Journal of Clinical Microbiology, 38: 3623-3630.

Gond, S. K., Bergen, M. S., Torres, M. S., & White, J. F. 2015. Endophytic Bacillus spp. produce
antifungal lipopeptides and induce host defence gene expression in maize.

Microbiological Research, 172: 79-87.



Molecular identification of endophytic bacterium DBA2 isolated from the leaf of binahong (Anredera

cordifolia (Ten.) Steenis) and its antagonistic activity against bacteria associated with dental caries

Hussein, F. ], Saleem, S. S., & Merdad, K. A. 2023. Relationship between dental caries
experience and the levels of Streptococcus mutans and Lactobacillus sp. in saliva of
pregnant women. Cell Mol Biol (Noisy-le-grand), 69(8):148-155.

Kumar, S., Stecher, G., Li, M., & Christina . 2018. MEGA X: Molecular evolutionary genetics
analysis across computing platforms. Molecular Biology and Evolution, 35 (6):
1547-1549.

Laksmitawati, D. R., & Simbolon, R. 2017. Activity of binahong leaves extract (Anredera
cordifolia (Ten.) Steenis). Jurnal Farmasi Indonesia, 9(1): 47-55.

Mengga, C., Rampe, M. |., & Sangande, F. 2022. Antibacterial activity test of the binahong
leaf (Anredera cordifolia (Tenore) Steenis) against Staphylococcus aureus. The
Tropical Journal of Biopharmaceutical, 5 (1): 60-65.

Mutiarawati, D. T., Muljati, T. S., & Christyaningsih, J. 2017. The effect of binahong leaf
(Anredera cordifolia [Ten] Steenis) extract and bay leaf (Eugenia polyantha Wight)
extract compound on blood glucose level of male mice (Rattus novergicus L).
Scholars Journal of Applied Medical Sciences, 5 (11D): 4551-4556.

Nursulistyarini, F., & Ainy, E. Q. 2014. Isolation and identification of endophytic bacteria
producing antibacteria compounds from Anredera cordifolia (Ten.) Steenis leaf.
Proceeding Biology Education Conference, UIN Sunan Kalijaga, Yogyakarta, 11(1):
114-120.

Nxumalo, C. 1., Ngid, L. S., Shandu, ]., & Maliehe, T. S. 2020. Isolation of endophytic bacteria
from the leaves of Anredera cordifolia CIX1 for metabolites and their biological

activities. BMC Complementary Medicine and Therapies, 20: 300.

14



Potshangbam, M., Devij, S. L, Sahoo, D., & Strobel, G. A. 2017. Functional characterization
of endophytic fungal community associated with Oryza sativa L. and Zea mays L.
Frontiers in Microbiology, 8: 325.

Sartika, G. 2021. Antibacterial activity of endophytic bacteria isolated from Purwoceng.
Journal of Biological Science and Education, 3 (1): 31-37.

Sasebohe, V. Y., Prakasita, V. C,, & Aditiyarini, D. 2023. Antibacterial activity of binahong
leaf ethanol extract against Staphylococcus aureus and Propionibacterium acnes
that cause acne. Sciscitatio, 4(1): Januari 2023.

Sharma, H., Raij, A. K, Dahiya, D., Chettri, R., & Nigam, P. S. 2021. Exploring endophytes for
in vitro synthesis of bioactive compounds similar to metabolites produced in vivo
by host plants. AIMS Microbiology, 7(2): 175-199.

Sharma, M., & Mallubhotla, S. 2022. Diversity, antimicrobial activity, and antibiotic
susceptibility pattern of endophytic bacteria sourced from Cordia dichotoma L.
Frontier in Microbiology, 13: 879386.

Sumartiningsih, S. 2011. The effect of binahong to hematoma. International Journal of
Medical, Health, Biomedical, Bioengineering and Pharmaceutical Engineering, 5 (6):
244-246.

Surbakti, P., Queljoe, E., & Boddhi, W. 2018. Phytochemical screening and toxicity testing
of ethanol extract from binahong (Andredera cordifolia (Ten.) Steenis) leaf with
Brine Shrimp Lethality Test (BSLT). PHARMACON Jurnal Ilmiah Farmasi, 7 (3): 22-
31.

Susilo, Handayani, H., Darmayani, S., Shofi, M., & Puji Raharjeng, A. R. (2018). RAPD

Analysis of the Genetic Diversity among Accessions of Micropropagation Bananas



Molecular identification of endophytic bacterium DBA2 isolated from the leaf of binahong (Anredera

cordifolia (Ten.) Steenis) and its antagonistic activity against bacteria associated with dental caries
from Indonesia. Journal of Physics:  Conference  Series, 1114(1).
https://doi.org/10.1088/1742-6596/1114/1/012137

Susilo, & Meitiyani. (2018). Genetic variation of three bruguiera species from
Karimunjawa Islands detected by using RAPD molecular markers. Asian Journal of
Plant Sciences, 17(4), 198-203. https://doi.org/10.3923/ajps.2018.198.203

Tripathi, N., & Sapra, A. 2023. Gram Staining. In StatPearls. StatPearls Publishing.

Ukhty, N., Tarman, K., & Setyaningsih, 1. 2017. Isolation of endophytic fungi from the
coastal plant Terong Pungo (Solanum sp.) and its antibacterial activity against oral
pathogenic bacteria. Biotropia, 24(1): 9-15.

Veronita, F., Wijayati, N., & Mursiti, S. 2017. Isolation and testing of the antibacterial
activity of binahong leaves and their application as a hand sanitizer. Indonesian
Journal of Chemical Science, 6 (2): 138-144.

Xie, Y., Yang, W., Tang, F.,, Chen, X,, & Li. 2015. Antibacterial activities of flavonoids:
structure-activity relationship and mechanism. Current Medicinal Chemistry,
22(1):132-49.

Yuniarti, W. M., & Lukiswanto, B. S. 2017. Effects of herbal ointment containing the leaf
extracts of Madeira vine ( Anredera cordifolia (Ten.) Steenis) for burn wound
healing process on albino rats. Vet World., 10 (7): 808-813.

Zhang, S. 2013. Dental caries and vaccination strategy against the major cariogenic
pathogen, Streptococcus mutans. Current  Pharmaceutical  Biotechnology,

14(11):960-966.

16



Zhao, H., Nie, X,, Zhang, W., Zhang, X,, Ju, Y., Li, Y., & Christensen, M. ]J. 2023. Effects of
interaction of Epichloé gansuensis and Bacillus sp. strains on the seed germination
and seedling growth in Achnatherum inebrians plants. Research Square.

Zinniel, D. K., Lambrecht, P., Harris, N. B., Feng, Z., Kuczmarski, D., Higley, P., Vidaver, A. K.
2022. Isolation and characterization of endophytic colonizing bacteria from

agronomic crops and prairie plants. Applied and Environmental Microbiology,

68(5): 2198-2208.



Molecular identification of endophytic bacterium DBA2 isolated from the leaf of binahong (Anredera
cordifolia (Ten.) Steenis) and its antagonistic activity against bacteria associated with dental caries

Table 1. The description of macroscopic and microscopic characterization of the isolated

endophytic bacterial from the leaves of the medicinal plant Anredera cordifolia (Ten.)

Steenis
Isolates Shapes Colour Texture Margins Surface Consistency Staining
of Colony
Flat and
DBA1 Irregular White Flat  Undulate Mucoid +ve
smooth
Flat and
DBA2  Irregular White Flat Curled Buttery +ve
smooth
40 . .

_ L. acidophilus

€ 35 I

3 S. mutans

o I

s 30 L. acidophilus

"= 55 | S. mutans I

= I

=

2 20

L

£

« 15

o

£ 10

g

a 5

0
DBA1 DBA2 DBA1 DBA2

Isolates of Endophytic Bacteria

Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic
bacteria of Anredera cordifolia (Ten.) Steenis leaves against Streptococcus mutans and

Lactobacillus acidophilus
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Figure 2. The gel electrophoresis of 16S rRNA gene
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Figure 3. The phylogenetic tree of DBA2 isolate showing evolutionary relationships of
endophytic bacteria from A. cordifolia (Ten.) Steenis leaves. The black circle indicates the
interested isolate. The evolutionary analysis was conducted in MEGAX software analysis

(Kumar et al., 2018).
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Table 2. Molecular identification of 16S ribosomal RNA gene of DBAZ2 isolate and their

NCBI sequence accession numbers

Closest Relative
Genbank Base Pair
Species Based On Max
No Accession Length E Value % Similarity
16S rRNA Gene score
Number (bp)
Sequences
1 | Bacillus SD (in
Bacteria) strain 0OP537150 1530 2139 0.0 100.00
X20
2 Bacillus velezensis
0OP536155 1460 2139 0.0 100.00
strain LXS-N2
3 | Bacillus velezensis
0K047738 1417 2139 0.0 100.00
strain SOTB022
4 Bacillus SD (in
Bacteria) strain MZ895449 1453 2139 0.0 100.00
HY 110
5 | Bacillus SO (in
Bacteria) strain MZ895445 1445 2139 0.0 100.00
HY-105
6 Bacilus SO (in
Bacteria) street 0P493233 1448 2139 0.0 100.00

LYM4-2
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7 | Bacillus SD (in

Bacteria) strain 0P493232 1451 2139 0.0 100.00

Y4-6-1

8 Bacillus SD (in:
Bacteria) strain 0P493231 1449 2139 0.0 100.00
YS1
9 | Bacillus velezensis
0P493205 1441 2139 0.0 100.00
strain MRB-10
10 Bacillus velezensis

0P477121 1453 2139 0.0 100.00
strain 024A
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ABSTRACT
Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to

contain secondary metabolites which have important biological
properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to
isolate and identify the endophytic bacteria which can produce
antibacterial metabolites from the leaves of A. cordifolia (Ten.) Steenis.
Two isolates, DBA1 and DBA2 were isolated and purified from the leaves

of A. cordifolia. These isolates were subjected to the screening for their
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antagonistic activity against the bacteria associated with dental caries,
which are Streptococcus mutans and Lactobacillus acidophilus using the
disk-diffusion method. The strain of DBA2 exhibited the largest diameter
of inhibition zone against both S. mutans (31,17 mm) and L. acidophilus
(35,57 mm). While DBA1 exhibited the diameter of inhibition zone of
23,47 mm and 25,87 mm against S. mutans and L. acidophilus, as
respectively. The strain of DBA2Z was then subjected for molecular
identification. The genomic DNA of DBA2 was extracted with the Geno
Plus™ Genomic DNA Extraction Miniprep System and molecular
identification was performed by PCR amplification and sequencing of the
16S rRNA gene. The amplicons were then purified and sequenced, before
the 16S rRNA gene sequences were analysed by a Basic Local Alignment
Search Tool (BLAST) search against the National Centre Biotechnology
Information (NCBI) database. The endophytic bacterial strain DBA2 from
the leaves of A. cordifolia was identified to be closely related to Bacillus sp.,
and the top match from the database search revealed a similarity value of
100% with the reference Bacillus sp. strain x20. Future studies are
required to analyse the bioactive compounds of strain DBA2, which can be
considered as a potential source for the new antibacterial drugs for the

dental caries treatment.




Keywords: Anredera cordifolia (Ten.) Steenis, antibacterial activity,

binahong leaf, endophytic bacteria, 16S rRNA gene

INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in
tropical areas and is used as a traditional medicine to treat various diseases (Azizah et al.,
2022). Several studies of A. cordifolia (Ten.) Steenis has proven that this plant contains
bioactive compounds used to treat many diseases, such as wound, diabetic, hematoma,
and hyperuricemia (Yuniarti & Lukiswanto, 2017; Mutiarawati et al., 2017; Laksmitawati
& Simbolon, 2017; Sumartiningsih, 2011). It also exhibited anti-inflammatory properties
to cure injured cell (Sumartiningsih, 2011). The part of binahong plant that is commonly
used is the leaves which contain flavonoids, alkaloid, tannin, saponins, and
steroid/triterpenoids (Veronita et al., 2017; Surbakti et al., 2018).

Many studies have been conducted for antibacterial properties from the binahong
leaves against some bacteria such as Staphylococcus aureus, Shigella flexneri,
Propionibacterium acnes, and Eschericia coli (Mengga et al., 2022; Veronita et al.,, 2017;
Ainurrochmah et al., 2013; Sasebohe et al, 2023). Based on the previous findings,
flavonoids are one of the main compounds responsible for antibacterial properties (Xie et
al, 2015; Basile et al., 1999). Flavonoids are the group which effectively inhibits the
growth of bacteria and fungi, as it causes damage to the permeability of cell walls and
inhibit motility (Xie et al., 2015; Veronita et al., 2017). Several flavonoid compounds from

the binahong leaves have been identified, such as vitexin, isovitexin, and morin (Alba et
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al, 2020). However, as the microbial resistance is always a problem, discovering and
developing new antibiotics can be a great challenge. Therefore, the development of new
antibacterial agents is essential, including discovering and developing novel antibacterial
compounds from microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, are defined as
microorganisms that usually live as symbionts inside a plant (Nxumalo et al, 2020). These
endophytic microorganisms are crucial in the production of many important bioactive
compounds, including antibacterial agents. These microorganisms produce similar
bioactive compounds as its host plant (Arnold, et al.,, 2020; Potshangbam et al., 2020;
Sharma, et al., 2021). They provide a valuable source for finding novel therapeutic agents
resulting the huge exploration of these endophytic microorganisms. The considerable
diversity of endophytes and their ability to adapt to different environments can be seen
as a valuable and largely untapped resource of novel secondary metabolites that could be
used in the applications in pharmaceutical or agricultural sectors (Bacon and White,
2000).

Desriani et al (2014) reported that out of 37 of the endophytic bacteria isolates were
obtained from the binahong leaves, fifteen isolates exhibited antibacterial properties
against Pseudomonas aeruginosa. The endophytic bacteria isolated from the A. cordifolia
(Ten.) Steenis leaves in previous report have been determined as Pseudomonas
aeruginosa CP043328.1 which produce antibacterial metabolites against S. aureus, E. coli,
Bacillus cereus, and Proteus mirabilis (Nxumalo et al, 2020). Previous study also reported
3 isolates of endophytic bacteria from the binahong leaves can inhibit the growth of

Staphylococcus, Pseudomonas and Bacillus sp. (Nursulistyarini and Ainy, 2014).

4



However, the study on the isolation and identification as well as the exploration of
secondary metabolites of endophytic microorganisms from the binahong plant is yet very
limited. Therefore, this study aimed to isolate and identify the endophytic bacteria which
live in the leaves tissue of the binahong plant (A. cordifolia (Ten.) Steenis) that can
produce antibacterial metabolites. We tested on the antagonistic activity of the isolated
endophytic bacteria against Streptococcus mutans and Lactobacillus acidophilus which
mainly caused dental caries in human (Hussein et al., 2023; Zhang, 2013). Although, the
previous studies on the antagonistic activity against several dental caries causing bacteria
have been conducted from endophytic fungi of other medicinal plants (Ukhty et al., 2017;
Abdel-Aziz et al., 2020). The exploration and identification on the endophytic binahong
leaf to dental caries causing bacteria are very limited. In this study, the identification was
performed using 16S ribosomal RNA (16S rRNA) gene sequencing and analysis. Potential
antibacterial compounds present in the endophytic bacteria may also be identified and

considered for the dental caries treatment in the future.

MATERIALS AND METHODS
Chemicals and media

The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn
step liquor, H20, NaOCI, nystatin, DMSO, HCI, NaOH, KH2PO4, agarose gel, and deionized
demineralized water (ddH20) from Sigma Aldrich, Ltd. The kits were Geno Plus™,
Genomic DNA Extraction Miniprep System from VIOGENE, USA and Zymo Spin Column

PCR Purification kit from Zymo Research, EU. Primers were from VIOGENE, USA. The
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mediums were yeast extract, Nutrient Agar medium, and Nutrient Broth medium from
HiMedia Laboratories, India. The medias were prepared and autoclaved.
Plant sample preparation

The fresh leaves were collected from Tangerang, Province Banten, Indonesia. The
leaves were identified at Centre for Biosystematics and Evolution Research-National
Research and Innovation Agency (BRIN), Bogor, West Java, Indonesia. The leaves were
washed by running tap water and carefully dried (Susilo et al., 2018; Susilo & Meitiyani,
2018). The leaves surfaces were disinfected by ethanol 75% and NaOCI 5,3% for 5
minutes, and then wiped carefully with ethanol 75%.
Endophytic bacteria isolation from the binahong leaves

Nutrient Agar was used as a medium for the isolation of endophytic bacteria. The
binahong leaves that been disinfected were carefully being cut off. The cut leaves were
then put in NA plate under aseptic condition. Plates were then sealed and incubated in
37°C for 48 hours. The endophytic bacteria were taken, purified, and transferred into new
NA plate. The purified isolates were then used for further experiment.
Morphological characterization of endophytic bacteria of the binahong leaves

The isolates were being analysed for their macroscopic and microscopic
characterizations. Macroscopic characterizations include colony shape, colony
pigmentation, consistency, elevation, and edge shape. Microscopic observation was
carried out using gram staining for identification of Gram type of bacteria. Gram staining
was carried out firstly by an initial staining with crystal violet dye. The object was then

added by iodine to fix the dye. The last step included ethanol to be added to the object to



remove the dye (Tripathi and Sapra, 2023). The preparate were then analysed under
microscope.
Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid NB medium which had been
sterilized by an autoclave. The pure isolate of endophytic bacteria was inoculated into a
10 ml Nutrient Broth test tube. Shaking incubation was carried out for 2 days at a
temperature of 25°C. After incubation, the cell biomass and supernatant were harvested
using centrifugation for 30 minutes at 2000 rpm. The obtained supernatant was used as
a source of antibacterial substances potential of endophytic bacteria.
Antibacterial activities screening

The screening for antibacterial potential in this study was performed by the disk

diffusion method. Two bacterial strains Streptococcus mutants and Lactobacillus
acidophilus, were used as strain indicator for antibacterial activity assay. The strain
culture of the bacteria of dental caries (Streptococcus mutans and Lactobacillus
acidophilus) were incubated in 10 ml Nutrient Broth test tubes for 24 hours at 37° C. The
culture was then inoculated into a solid media of NA in Petri dish. The sterile paper disk
was then soaked with the supernatant, then placed in the NA medium which has been
inoculated with pathogenic bacteria. The plates were incubated for 1-2 days, and then
observed their antibacterial potential by the presence or absence of an inhibition zone
around the disk paper. The activities were determined by measuring the diameter of the
inhibition zone in millimeter (mm) against pathogenic microorganism. The isolate with
the largest diameter of inhibition zone was continued for the molecular identification.

Molecular identification of endophytic bacteria
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The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA)

sequence analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction
Miniprep System kit from VIOGENE, USA based on their manual instruction kit. PCR
method was conducted to amplify the 16S rRNA gene of the endophytic bacteria with the
primer 63f (5’-CAG GCC TAA CACATG CAA GTC-3’) and primer 1387r (5’-GGG GGG WGT
GTA CAA GGC-3'. The PCR products were gel extracted and purified by a Zymo Spin
Column PCR Purification kit from Zymo Research, EU. The purified PCR products were
then processed and sequenced at the First Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software analysis (Kumar et al, 2018). The
sequencing results were implemented for BLAST using the database from the National
Centre for Biotechnology Information (NCBI) in order to determine the most closely
related reference bacteria in the database (Nxumalo et al, 2020).
RESULTS AND DISCUSSION
Determination of the binahong leaves

Taxonomic identification of the plants used in this study was carried out before the
specimen was used to isolate the endophytic bacteria so that the accurate plant species
was used. According to the identification result from Centre for Biosystematics and
Evolution Research-National Research and Innovation Agency (BRIN) with the voucher
number B-804/V/DI.05.07/3/2022, it was known that the leaves is Anredera cordifolia
(Teen.) Steenis.
Isolation of the endophytic bacteria from the binahong leaves

The surface sterilization was done prior the whole isolation process. This surface

sterilization method was performed to eliminate the contaminant microorganisms that
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present in the surface leaves. Nystatin was added to Nutrient Agar Addition as antifungal
agent. Two isolates of endophytic bacteria were obtained and named with the codes of
DBA1 and DBA2. However, the number of the endophytic bacteria found in this study are
less. This result is in consistent with the finding that the number of endophytic bacteria
can be influenced by the particular part of samples. It is known that the number of
endophytic bacteria from the stems and leaves are usually less, while the roots are
abundant (Zinniel, et al., 2022). The heterogeneity of endophytic bacteria can be
influenced by various conditions, such as soil structure, time of sampling, geographical
distribution, and plant age.
Morphological characterization

Based on the result of morphological characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2 were described in Table 1. Microscopic
staining characterizations showed that these two endophytic bacteria were Gram-
positive bacteria. The description of morphological characterization of DBA1 and DBA2
were shown in Table 1.
Antibacterial activity screening

The two isolates were cultivated using NB liquid medium. The supernatant was
used into antibacterial testing using the disk diffusion method. The supernatants of DBA1
and DBA2 showed antibacterial activity against Streptococcus mutans and Lactobacillus
acidophilus with the average clear zone diameter of inhibition zone as shown in Figure 1.
The strongest antibacterial activity was DBA2 with the average diameter of inhibition

zone of 31,17 mm and 35,57 mm against S. mutans and L. acidophilus, as respectively.
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The production of inhibitory zones indicates that there is an inhibitory activity in
the supernatants of both DBA1 and DBAZ2 against the bacteria of dental caries. This finding
is consistent with the previous studies showed that the endophytic microbials are said to
have antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla, 2022). In this study,
both pathogenic bacteria were a Gram-positive bacterium. The finding that DBA1 and
DBA2 had clear inhibition zones suggest that Gram-positive bacteria were fragile to
metabolites from endophytic bacteria of the binahong leaves. Based on our results, we
propose that Gram-positive bacteria are fragile due to the strong antagonistic activity of
bioactive compounds produced from strain DBA2. Although there are a lot of study reveal
the activity against Gram-negative bacteria (Ainurrochmah et al., 2013; Nxumalo et al,,
2020). However, the inhibition activities of DBA1 and DBA2 to Gram-negative bacteria are
still need to be analysed.
Molecular identification of endophytic bacteria isolate DBA2

Among two strains, strain DBA2 was chosen as potential strain as it showed the
largest diameter of inhibition zone against S. mutans and L. acidophilus. Furthermore, the
genomic DNA was extracted based on the method as described in the kit procedure. The
obtained DNA bands were confirmed as a size of approximately 1500 bp shown in Figure
2. It was processed in the First Base Laboratories, Malaysia. The sequences of DBA2 were
then being assessed by the GenBank NCBI database and MEGAX software analysis (Kumar
etal., 2018).

Specification that meets taxonomic requirements is that if the similarity

percentage is > 99%, it is defined as similarity at the species level (Drancourt et al., 2000).

In addition, it is said to be the same genus if the identity is 96% - 99% (Drancourt et al.,
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2000). Max score represents the highest sequence alignment value between the query
sequence alignment results and the sequences contained in the database. A high max
score value and an E-value that is close to 0 indicate a higher level of confidence between
the alignment results of the query sequence and the sequences contained in the database
that have a high level of homology. The results showed that the strain DBA2 had a level of
similarity to Bacillus sp. strain x20 with a max score of 2139%, identification of 100%, and
E-value 0, as shown in Table 2, suggesting that the finding had a high level of confidence
to identify that the species of the endophytic bacteria is closely related to Bacillus sp.
strain x20. The phylogenetic trees were made to analyse the relationship between species.
The results of phylogenetic tree were shown in Figure 3.

Based on various literatures, Bacillus sp. strain x20 is also a Gram-positive
bacterium producing organic acids and phosphatases (Gond et al., 2015; Zhao et al., 2023).
Bacillus sp. strain x20 was known to provide beneficial effects to their host plants, such as
promotes seed germination and induces stress resistance (Zhao, et al., 2023). Organic
acids produced by Bacillus strain will solute the inorganic phosphorus into a plant-
available form, meanwhile the phosphatases will solute the organic phosphorus,
therefore the microorganism can promote plant growth (Zhao, et al., 2023). Further

identification of bioactive compound produced by Bacillus sp. strain x20 is necessary.

CONCLUSION
This study revealed that the endophytic bacteria which closely related to Bacillus sp.
strain x20 was isolated from the leaves of Anredera cordifolia (Ten.) Steenis. These

endophytic bacteria produced secondary metabolites that exhibited antibacterial
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properties against the bacteria of dental caries which were Streptococcus mutans and
Lactobacillus acidophilus, as shown by their inhibition zone. Further study needs to be
conducted to investigate and identify the metabolites that may be useful as the

antibacterial agents.
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Table 2. Molecular identification of 16S ribosomal RNA gene of DBAZ2 isolate and their

NCBI sequence accession numbers

Closest Relative
Genbank Base Pair
Species Based On Max
No Accession Length E Value % Similarity
16S rRNA Gene score
Number (bp)
Sequences
1 | Bacillus SD (in
Bacteria) strain 0OP537150 1530 2139 0.0 100.00
X20
2 Bacillus velezensis
0OP536155 1460 2139 0.0 100.00
strain LXS-N2
3 | Bacillus velezensis
0K047738 1417 2139 0.0 100.00
strain SOTB022
4 Bacillus SD (in
Bacteria) strain MZ895449 1453 2139 0.0 100.00
HY 110
5 | Bacillus SO (in
Bacteria) strain MZ895445 1445 2139 0.0 100.00
HY-105
6 Bacilus SO (in
Bacteria) street 0P493233 1448 2139 0.0 100.00

LYM4-2
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7 | Bacillus SD (in

Bacteria) strain 0P493232 1451 2139 0.0 100.00

Y4-6-1

8 Bacillus SD (in:
Bacteria) strain 0P493231 1449 2139 0.0 100.00
YS1
9 | Bacillus velezensis
0P493205 1441 2139 0.0 100.00
strain MRB-10
10 Bacillus velezensis

0P477121 1453 2139 0.0 100.00
strain 024A
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Running title: Molecular identification of endophytic bacterium DBAZ2 isolated from the leaf of
binahong (Anredera cordifolia (Ten.) Steenis) and its antagonistic activity against bacteria associated
with dental caries.

Abstract.

Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to contain secondary metabolites
which have important biological properties. The current study focused on the endophytic bacteria
which lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to isolate and identify
the endophytic bacteria which can produce antibacterial metabolites from the leaves of A. cordifolia
(Ten.) Steenis. Two isolates, DBA1 and DBA2 were isolated and purified from the leaves of A.
cordifolia. 'These isolates were subjected to the screening for their antagonistic activity against the
bacteria associated with dental caries, which are Streptococcus mutans and Lactobacillus acidophilus using
the disk-diffusion method. The strain of DBA2 exhibited the largest diameter of inhibition zone

against both S. mutans (31,17 mm) and L. acidophilus (35,57 mm). While DBA1 exhibited the
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diameter of inhibition zone of 23,47 mm and 25,87 mm against S. mwutans and L. acidophilus, as
respectively. The strain of DBA2 was then subjected for molecular identification. The genomic
DNA of DBA2 was extracted with the Geno Plus™ Genomic DNA Extraction Miniprep System
and molecular identification was performed by PCR amplification and sequencing of the 16S rRNA
gene. The amplicons were then purified and sequenced, before the 16S rRNA gene sequences were
analysed by a Basic Local Alignment Search Tool (BLAST) search against the National Centre
Biotechnology Information (NCBI) database. The endophytic bacterial strain DBA2 from the
leaves of A. cordifolia was identified to be closely related to Bacillus sp., and the top match from the
database search revealed a similarity value of 100% with the reference Bacillus sp. strain x20. Future
studies are required to analyse the bioactive compounds of strain DBA2, which can be considered

as a potential source for the new antibacterial drugs for the dental caries treatment.

Keywords: Anredera cordifolia (Ten.) Steenis; antibacterial activity; binahong leaf; endophytic

bacteria; 16S rRNA gene.
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INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in tropical areas and
is used as a traditional medicine to treat various diseases (Azizah ez al., 2022). Several studies of 4.
cordifolia (Ten.) Steenis has proven that this plant contains bioactive compounds used to treat many
diseases, such as wound, diabetic, hematoma, and hyperuricemia (Sumartiningsih, 2011;
Laksmitawati & Simbolon, 2017; Mutiarawati ef al., 2017; Yuniarti & Lukiswanto, 2017). It also
exhibited anti-inflammatory properties to cure injured cell (Sumartiningsih, 2011). The part of
binahong plant that is commonly used is the leaves which contain flavonoids, alkaloid, tannin,
saponins, and steroid/ triterpenoids (Veronita ¢# al., 2017; Surbakti ez al., 2018).

Many studies have been conducted for antibacterial properties from the binahong leaves
against some bacteria such as Staphylococcns aurens, Shigella flexcneri, Propionibacterium acnes, and
Eschericia coli (Ainurrochmah ez al., 2013; Veronita ez al., 2017; Mengga et al., 2022; Sasebohe ¢t al.,
2023). Based on the previous findings, flavonoids are one of the main compounds responsible for
antibacterial properties (Basile ef @/, 1999; Xie ez al, 2015). Flavonoids are the group which
effectively inhibits the growth of bacteria and fungi, as it causes damage to the permeability of cell
walls and inhibit motility (Xie ez a/., 2015; Veronita ez al., 2017). Several flavonoid compounds from
the binahong leaves have been identified, such as vitexin, isovitexin, and morin (Alba ez a/., 2020).
However, as the microbial resistance is always a problem, discovering and developing new
antibiotics can be a great challenge. Therefore, the development of new antibacterial agents is
essential, including discovering and developing novel antibacterial compounds from
microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, are defined as
microorganisms that usually live as symbionts inside a plant (Nxumalo ez a/, 2020). These
endophytic microorganisms are crucial in the production of many important bioactive compounds,

including antibacterial agents. These microorganisms produce similar bioactive compounds as its
3
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host plant (Arnold ez al., 2020; Potshangbam ez al., 2020; Sharma, ez al., 2021). They provide a
valuable source for finding novel therapeutic agents resulting the huge exploration of these
endophytic microorganisms. The considerable diversity of endophytes and their ability to adapt to
different environments can be seen as a valuable and largely untapped resource of novel secondary
metabolites that could be used in the applications in pharmaceutical or agricultural sectors (Bacon
and White, 2000).

Desriani ef al. (2014) reported that out of 37 of the endophytic bacteria isolates were obtained
from the binahong leaves, fifteen isolates exhibited antibacterial properties against Pseudonzonas
aeruginosa. The endophytic bacteria isolated from the A. cordifolia (Ten.) Steenis leaves in previous
report have been determined as Pseudomonas aernginosa CP043328.1 which produce antibacterial
metabolites against S. aureus, E. coli, Bacillus cerens, and Protens mirabilis (Nxumalo e al., 2020).
Previous study also reported 3 isolates of endophytic bacteria from the binahong leaves can inhibit
the growth of Staphylococcus, Pseudononas and Bacillus sp. (Nursulistyarini and Ainy, 2014).

However, the study on the isolation and identification as well as the exploration of secondary
metabolites of endophytic microorganisms from the binahong plant is yet very limited. Therefore,
this study aimed to isolate and identify the endophytic bacteria which live in the leaves tissue of
the binahong plant (A. cordifolia (Ten.) Steenis) that can produce antibacterial metabolites. We
tested on the antagonistic activity of the isolated endophytic bacteria against Szreptococcus mutans and
Lactobacillus acidophilus which mainly caused dental caries in human (Zhang, 2013; Hussein ez a/.,
2023). Although, the previous studies on the antagonistic activity against several dental caries
causing bacteria have been conducted from endophytic fungi of other medicinal plants (Ukhty ez
al., 2017; Abdel-Aziz et al., 2020). The exploration and identification on the endophytic binahong
leaf to dental caries causing bacteria are very limited. In this study, the identification was performed

using 16S ribosomal RNA (16S rRNA) gene sequencing and analysis. Potential antibacterial
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compounds present in the endophytic bacteria may also be identified and considered for the dental

caries treatment in the future.

MATERIALS AND METHODS
Chemicals and media

The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn step
liquor, H,O, NaOCI, nystatin, DMSO, HCl, NaOH, KH,PO, agarose gel, and deionized
demineralized water (ddH>O) from Sigma Aldrich, Ltd. The kits were Geno Plus™, Genomic
DNA Extraction Miniprep System from VIOGENE, USA and Zymo Spin Column PCR
Purification kit from Zymo Research, EU. Primers were from VIOGENE, USA. The mediums
were yeast extract, Nutrient Agar (NA) medium, and Nutrient Broth (NB) medium from HiMedia
Laboratories, India. The medias were prepared and autoclaved.
Plant sample preparation

The fresh leaves were collected from Tangerang, Province Banten, Indonesia. The leaves
were identified at Centre for Biosystematics and Evolution Research-National Research and
Innovation Agency (BRIN), Bogor, West Java, Indonesia. The leaves were washed by running tap
water and carefully dried (Susilo e /., 2018; Susilo & Meitiyani, 2018). The leaves surfaces were
disinfected by ethanol 75% and NaOCI 5,3% for 5 minutes, and then wiped carefully with ethanol
75%.
Endophytic bacteria isolation from the binahong leaves

NA was used as a medium for the isolation of endophytic bacteria. The binahong leaves
that been disinfected were carefully being cut off. The cut leaves were then put in NA plate under
aseptic condition. Plates were then sealed and incubated in 37°C for 48 hours. The endophytic
bacteria were taken, purified, and transferred into new NA plates. The purified isolates were then

used for further experiment.
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Morphological characterization of endophytic bacteria of the binahong leaves

The isolates were being analysed for their macroscopic and microscopic characterizations.
Macroscopic characterizations include colony shape, colony pigmentation, consistency, elevation,
and edge shape. Microscopic observation was carried out using gram staining for identification of
Gram type of bacteria. Gram staining was carried out firstly by an initial staining with crystal violet
dye. The object was then added by iodine to fix the dye. The last step included ethanol to be added
to the object to remove the dye (Tripathi and Sapra, 2023). The preparate were then analysed under
microscope.
Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid NB medium which had been sterilized
by an autoclave. The pure isolate of endophytic bacteria was inoculated into a 10 ml NB test tube.
Shaking incubation was catried out for 2 days at a temperature of 25°C. After incubation, the cell
biomass and supernatant were harvested using centrifugation for 30 minutes at 2000 rpm. The
obtained supernatant was used as a source of antibacterial substances potential of endophytic
bacteria.
Antibacterial activities screening

The screening for antibacterial activity in this study was performed by the disk diffusion

method. Two bacterial strains of S#reptococcus mutants and Lactobacillus acidophilus, were used as strains
indicator for antibacterial activity assay. The strain culture of the bacteria of dental caries (. zutans
and L. acidophilus) were incubated in 10 ml NB test tubes for 24 hours at 37° C. The culture was
then inoculated into a solid media of NA in Petri dish. The sterile paper disk was then soaked with
the supernatant, then placed in the NA medium which has been inoculated with pathogenic
bacteria. The plates were incubated for 1-2 days, and then observed their antibacterial potency by
the presence or absence of an inhibition zone around the disk paper. The activities were

determined by measuring the diameter of the inhibition zone in millimeter (mm) against
6
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pathogenic microorganism. The isolate with the largest diameter of inhibition zone was continued
for the molecular identification.
Molecular identification of endophytic bacteria

The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA) sequence
analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction Miniprep System
kit from VIOGENE, USA based on their manual instruction kit. PCR method was conducted to
amplify the 16S rRNA gene of the endophytic bacteria with the primer 63f (5-CAG GCC TAA
CAC ATG CAA GTC-3’) and primer 1387r (5-GGG GGG WGT GTA CAA GGC-3’. The
PCR products were gel extracted and purified by a Zymo Spin Column PCR Purification kit from
Zymo Research, EU. The purified PCR products were then processed and sequenced at the First
Base Laboratories, Malaysia. The obtained sequences were processed by MEGAX software
analysis (Kumar ez a/., 2018). The sequencing results were implemented for BLAST using the
database from the National Centre for Biotechnology Information (NCBI) in order to determine

the most closely related reference bacteria in the database (Nxumalo ez a/., 2020).

RESULTS AND DISCUSSION
Determination of the binahong leaves

Taxonomic identification of the plants used in this study was carried out before the
specimen was used to isolate the endophytic bacteria so that the accurate plant species was used.
According to the identification result from Centre for Biosystematics and Evolution Research-
National Research and Innovation Agency (BRIN) with the voucher number B-
804/V/DI.05.07/3/2022, it was known that the leaves is Anredera cordifolia (Teen.) Steenis.
Isolation of the endophytic bacteria from the binahong leaves

The surface sterilization was done prior the whole isolation process. This surface

sterilization method was performed to eliminate the contaminant microorganisms that present in
7
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the surface leaves. Nystatin was added to NA as antifungal agent. Two isolates of endophytic
bacteria were obtained and named with the codes of DBA1 and DBA2. However, the number of
the endophytic bacteria found in this study are less. This result is in consistent with the finding
that the number of endophytic bacteria can be influenced by the particular part of samples. It is
known that the number of endophytic bacteria from the stems and leaves are usually less, while
the roots are abundant (Zinniel ef 4/, 2022). The heterogeneity of endophytic bacteria can be
influenced by wvarious conditions, such as soil structure, time of sampling, geographical
distribution, and plant age.

Morphological characterization

Based on the result of morphological characterization, the macroscopic and microscopic
characterization of DBA1 and DBA2 were described in Table 1. Microscopic staining
characterizations showed that these two endophytic bacteria were Gram-positive bacteria. The
description of morphological characterization of DBA1 and DBA2 were shown in Table 1.
Antibacterial activity screening

The two isolates were cultivated using NB liquid medium. The supernatant was used into
antibacterial testing using the disk diffusion method. The supernatants of DBA1 and DBA2
showed antibacterial activity against Streptococcus mutans and Lactobacillus acidophilus with the average
clear zone diameter of inhibition zone as shown in Figure 1. The strongest antibacterial activity
was DBA2 with the average diameter of inhibition zone of 31,17 mm and 35,57 mm against .
mutans and L. acidophilus, as respectively.

The production of inhibitory zones indicates that there is an inhibitory activity in the
supernatants of both DBA1 and DBA2 against the bacteria of dental caries. This finding is
consistent with the previous studies showed that the endophytic microbials are said to have
antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla, 2022). In this study, both pathogenic

bacteria were a Gram-positive bacterium. The finding that DBA1 and DBAZ2 had clear inhibition
8
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zones suggest that Gram-positive bacteria were fragile to metabolites from endophytic bacteria of
the binahong leaves. Based on our results, we propose that Gram-positive bacteria are fragile due
to the strong antagonistic activity of bioactive compounds produced from strain DBA2. Although
there are a lot of study reveal the activity against Gram-negative bacteria (Ainurrochmah ez al/.,
2013; Nxumalo ¢z al., 2020). However, the inhibition activities of DBA1 and DBA2 to Gram-
negative bacteria are still need to be analysed.
Molecular identification of endophytic bacteria isolate DBA2

Among two strains, strain DBA2 was chosen as potential strain as it showed the largest
diameter of inhibition zone against S. mutans and L. acidogphilus. Furthermore, the genomic DNA
was extracted based on the method as described in the kit procedure. The obtained DNA bands
were confirmed as a size of approximately 1500 bp shown in Figure 2. It was processed in the First
Base Laboratories, Malaysia. The sequences of DBA2 were then being assessed by the GenBank
NCBI database and MEGAX software analysis (Kumar ¢ a/., 2018).

Specification that meets taxonomic requirements is that if the similarity percentage is >

99%, it is defined as similarity at the species level (Drancourt ez a/., 2000). In addition, it is said to
be the same genus if the identity is 96% - 99% (Drancourt ez a/., 2000). Max score represents the
highest sequence alignment value between the query sequence alignment results and the sequences
contained in the database. A high max score value and an E-value that is close to 0 indicate a
higher level of confidence between the alignment results of the query sequence and the sequences
contained in the database that have a high level of homology. The results showed that the strain
DBAZ2 had a level of similarity to Bacillus sp. strain x20 with a max score of 2139%, identification
of 100%, and E-value 0, as shown in Table 2, suggesting that the finding had a high level of
confidence to identify that the species of the endophytic bacteria is closely related to Bacillus sp.
strain x20. The phylogenetic trees were made to analyse the relationship between species. The

results of phylogenetic tree were shown in Figure 3.
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Based on various literatures, Bacillus sp. strain x20 is also a Gram-positive bacterium
producing organic acids and phosphatases (Gond ef a/., 2015; Zhao et al., 2023). Bacillus sp. strain
x20 was known to provide beneficial effects to their host plants, such as promotes seed
germination and induces stress resistance (Zhao ez al., 2023). Organic acids produced by Baci/lus
strain will solute the inorganic phosphorus into a plant-available form, meanwhile the
phosphatases will solute the organic phosphorus, therefore the microorganism can promote plant
growth (Zhao et al., 2023). Further identification of bioactive compound produced by Bacillus sp.

strain x20 is necessary.

CONCLUSION

This study revealed that the endophytic bacteria which closely related to Bacillus sp. strain x20 was
isolated from the leaves of Awredera cordifolia (Ten.) Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial properties against the bacteria of dental caries
which were Streptococcus mutans and Lactobacillus acidophilus, as shown by their inhibition zone.
Further study needs to be conducted to investigate and identify the metabolites that may be useful

as the antibacterial agents.
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Tables:
Table 1. The description of macroscopic and microscopic characterization of the isolated

endophytic bacterial from the leaves of the medicinal plant Anredera cordifolia (Ten.) Steenis.

Isolates  Shapes Colour Texture  Margins of Surface  Consistency Staining
colony
DBA1  Irregular  White  Flat Undulate  Flat and Mucoid +ve
smooth
DBA2  Irregular  White  Flat Curled Flat and Buttery +ve
smooth

17
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397  Table 2. Molecular identification of 16S ribosomal RNA gene of DBA2 isolate and their NCBI

398  sequence accession numbers.

No. Closest relative GenBank Base pair Max E value % Similarity
species based on accession length score
16S rRNA gene number (bp)
sequences
1. Bacillus SD (in OP537150 1530 2139 0.0 100.00
Bacteria) strain
X20
2. Bacillus velezensis OP536155 1460 2139 0.0 100.00
strain 1LXS-N2
3. Bacillus velezensis OKO047738 1417 2139 0.0 100.00
strain SOTB022
4. Bacillus SD (in MZ.895449 1453 2139 0.0 100.00
Bacteria) strain HY
110
5. Bacillus SO (in MZ.895445 1445 2139 0.0 100.00
Bacteria) strain
HY-105
0. Bacilus SO (in OP493233 1448 2139 0.0 100.00

Bacteria) street

LYM4-2

18
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7. Bacillus SD (in 0OP493232 1451 2139 0.0 100.00
Bacteria) strain Y4-

6-1

8. Bacillus SD (in: 0OP493231 1449 2139 0.0 100.00
Bacteria) strain

YS1

9. Bacillus velezensis OP493205 1441 2139 0.0 100.00

strain MRB-10

10. Bacillus velezensis OP477121 1453 2139 0.0 100.00

strain 024A

19
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403  Figures and Photos:
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404

405 Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic
406 bacteria of Anredera cordifolia (Ten.) Steenis leaves against Streptococcus mutans and Lactobacillus
407 acidophilus.
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409
410 Figure 2. The gel electrophoresis of 16S rRNA gene
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413 Figure 3. The phylogenetic tree of DBA2 isolate showing evolutionary relationships of
414 endophytic bacteria from A. cordifolia (Ten.) Steenis leaves. The black circle indicates the

415  interested isolate. The evolutionary analysis was conducted in MEGAX software analysis (Kumar
416 et al., 2018).

417
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Running title: Molecular identification of endophytic bacterium DBAZ2 isolated from the leaf of
binahong (Anredera cordifolia (Ten.) Steenis) and its antagonistic activity against bacteria associated
with dental caries.

Abstract.

Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to contain secondary metabolites
which have important biological properties. The current study focused on the endophytic bacteria
which lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to isolate and identify
the endophytic bacteria which can produce antibacterial metabolites from the leaves of A. cordifolia
(Ten.) Steenis. Two isolates, DBA1 and DBA2 were isolated and purified from the leaves of A.
cordifolia. 'These isolates were subjected to the screening for their antagonistic activity against the
bacteria associated with dental caries, which are Streptococcus mutans and Lactobacillus acidophilus using
the disk-diffusion method. The strain of DBA2 exhibited the largest diameter of inhibition zone

against both S. mutans (31,17 mm) and L. acidophilus (35,57 mm). While DBA1 exhibited the
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diameter of inhibition zone of 23,47 mm and 25,87 mm against S. mwutans and L. acidophilus, as
respectively. The strain of DBA2 was then subjected for molecular identification. The genomic
DNA of DBA2 was extracted with the Geno Plus™ Genomic DNA Extraction Miniprep System
and molecular identification was performed by PCR amplification and sequencing of the 16S rRNA
gene. The amplicons were then purified and sequenced, before the 16S rRNA gene sequences were
analysed by a Basic Local Alignment Search Tool (BLAST) search against the National Centre
Biotechnology Information (NCBI) database. The endophytic bacterial strain DBA2 from the
leaves of A. cordifolia was identified to be closely related to Bacillus sp., and the top match from the
database search revealed a similarity value of 100% with the reference Bacillus sp. strain x20. Future
studies are required to analyse the bioactive compounds of strain DBA2, which can be considered

as a potential source for the new antibacterial drugs for the dental caries treatment.

Keywords: Anredera cordifolia (Ten.) Steenis; antibacterial activity; binahong leaf; endophytic

bacteria; 16S rRNA gene.
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INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is a plant that grows naturally in tropical areas and
is used as a traditional medicine to treat various diseases (Azizah ez al., 2022). Several studies of 4.
cordifolia (Ten.) Steenis has proven that this plant contains bioactive compounds used to treat many
diseases, such as wound, diabetic, hematoma, and hyperuricemia (Sumartiningsih, 2011;
Laksmitawati & Simbolon, 2017; Mutiarawati ef al., 2017; Yuniarti & Lukiswanto, 2017). It also
exhibited anti-inflammatory properties to cure injured cell (Sumartiningsih, 2011). The part of
binahong plant that is commonly used is the leaves which contain flavonoids, alkaloid, tannin,
saponins, and steroid/ triterpenoids (Veronita ¢# al., 2017; Surbakti ez al., 2018).

Many studies have been conducted for antibacterial properties from the binahong leaves
against some bacteria such as Staphylococcns aurens, Shigella flexcneri, Propionibacterium acnes, and
Eschericia coli (Ainurrochmah ez al., 2013; Veronita ez al., 2017; Mengga et al., 2022; Sasebohe ¢t al.,
2023). Based on the previous findings, flavonoids are one of the main compounds responsible for
antibacterial properties (Basile ef @/, 1999; Xie ez al, 2015). Flavonoids are the group which
effectively inhibits the growth of bacteria and fungi, as it causes damage to the permeability of cell
walls and inhibit motility (Xie ez a/., 2015; Veronita ez al., 2017). Several flavonoid compounds from
the binahong leaves have been identified, such as vitexin, isovitexin, and morin (Alba ez a/., 2020).
However, as the microbial resistance is always a problem, discovering and developing new
antibiotics can be a great challenge. Therefore, the development of new antibacterial agents is
essential, including discovering and developing novel antibacterial compounds from
microorganisms.

Endophytic microorganisms, such as bacteria, fungi, and yeast, are defined as
microorganisms that usually live as symbionts inside a plant (Nxumalo ez a/, 2020). These
endophytic microorganisms are crucial in the production of many important bioactive compounds,

including antibacterial agents. These microorganisms produce similar bioactive compounds as its
3
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host plant (Arnold ez al., 2020; Potshangbam ez al., 2020; Sharma, ez al., 2021). They provide a
valuable source for finding novel therapeutic agents resulting the huge exploration of these
endophytic microorganisms. The considerable diversity of endophytes and their ability to adapt to
different environments can be seen as a valuable and largely untapped resource of novel secondary
metabolites that could be used in the applications in pharmaceutical or agricultural sectors (Bacon
and White, 2000).

Desriani ef al. (2014) reported that out of 37 of the endophytic bacteria isolates were obtained
from the binahong leaves, fifteen isolates exhibited antibacterial properties against Pseudonzonas
aeruginosa. The endophytic bacteria isolated from the A. cordifolia (Ten.) Steenis leaves in previous
report have been determined as Pseudomonas aernginosa CP043328.1 which produce antibacterial
metabolites against S. aureus, E. coli, Bacillus cerens, and Protens mirabilis (Nxumalo e al., 2020).
Previous study also reported 3 isolates of endophytic bacteria from the binahong leaves can inhibit
the growth of Staphylococcus, Pseudononas and Bacillus sp. (Nursulistyarini and Ainy, 2014).

However, the study on the isolation and identification as well as the exploration of secondary
metabolites of endophytic microorganisms from the binahong plant is yet very limited. Therefore,
this study aimed to isolate and identify the endophytic bacteria which live in the leaves tissue of
the binahong plant (A. cordifolia (Ten.) Steenis) that can produce antibacterial metabolites. We
tested on the antagonistic activity of the isolated endophytic bacteria against Szreptococcus mutans and
Lactobacillus acidophilus which mainly caused dental caries in human (Zhang, 2013; Hussein ez a/.,
2023). Although, the previous studies on the antagonistic activity against several dental caries
causing bacteria have been conducted from endophytic fungi of other medicinal plants (Ukhty ez
al., 2017; Abdel-Aziz et al., 2020). The exploration and identification on the endophytic binahong
leaf to dental caries causing bacteria are very limited. In this study, the identification was performed

using 16S ribosomal RNA (16S rRNA) gene sequencing and analysis. Potential antibacterial
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compounds present in the endophytic bacteria may also be identified and considered for the dental

caries treatment in the future.

MATERIALS AND METHODS
Chemicals and media

The materials were ethanol 75%, ethanol 98%, CaCOs, NaCl, soybean meal, corn step
liquor, H,O, NaOCI, nystatin, DMSO, HCl, NaOH, KH,PO, agarose gel, and deionized
demineralized water (ddH>O) from Sigma Aldrich, Ltd. The kits were Geno Plus™, Genomic
DNA Extraction Miniprep System from VIOGENE, USA and Zymo Spin Column PCR
Purification kit from Zymo Research, EU. Primers were from VIOGENE, USA. The mediums
were yeast extract, Nutrient Agar (NA) medium, and Nutrient Broth (NB) medium from HiMedia
Laboratories, India. The medias were prepared and autoclaved.
Plant sample preparation

The fresh leaves were collected from Tangerang, Province Banten, Indonesia. The leaves
were identified at Centre for Biosystematics and Evolution Research-National Research and
Innovation Agency (BRIN), Bogor, West Java, Indonesia. The leaves were washed by running tap
water and carefully dried (Susilo e /., 2018; Susilo & Meitiyani, 2018). The leaves surfaces were
disinfected by ethanol 75% and NaOCI 5,3% for 5 minutes, and then wiped carefully with ethanol
75%.
Endophytic bacteria isolation from the binahong leaves

NA was used as a medium for the isolation of endophytic bacteria. The binahong leaves
that been disinfected were carefully being cut off. The cut leaves were then put in NA plate under
aseptic condition. Plates were then sealed and incubated in 37°C for 48 hours. The endophytic
bacteria were taken, purified, and transferred into new NA plates. The purified isolates were then

used for further experiment.
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Morphological characterization of endophytic bacteria of the binahong leaves

The isolates were being analysed for their macroscopic and microscopic characterizations.
Macroscopic characterizations include colony shape, colony pigmentation, consistency, elevation,
and edge shape. Microscopic observation was carried out using gram staining for identification of
Gram type of bacteria. Gram staining was carried out firstly by an initial staining with crystal violet
dye. The object was then added by iodine to fix the dye. The last step included ethanol to be added
to the object to remove the dye (Tripathi and Sapra, 2023). The preparate were then analysed under
microscope.
Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid NB medium which had been sterilized
by an autoclave. The pure isolate of endophytic bacteria was inoculated into a 10 ml NB test tube.
Shaking incubation was catried out for 2 days at a temperature of 25°C. After incubation, the cell
biomass and supernatant were harvested using centrifugation for 30 minutes at 2000 rpm. The
obtained supernatant was used as a source of antibacterial substances potential of endophytic
bacteria.
Antibacterial activities screening

The screening for antibacterial activity in this study was performed by the disk diffusion

method. Two bacterial strains of S#reptococcus mutants and Lactobacillus acidophilus, were used as strains
indicator for antibacterial activity assay. The strain culture of the bacteria of dental caries (. zutans
and L. acidophilus) were incubated in 10 ml NB test tubes for 24 hours at 37° C. The culture was
then inoculated into a solid media of NA in Petri dish. The sterile paper disk was then soaked with
the supernatant, then placed in the NA medium which has been inoculated with pathogenic
bacteria. The plates were incubated for 1-2 days, and then observed their antibacterial potency by
the presence or absence of an inhibition zone around the disk paper. The activities were

determined by measuring the diameter of the inhibition zone in millimeter (mm) against
6
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pathogenic microorganism. The isolate with the largest diameter of inhibition zone was continued
for the molecular identification.
Molecular identification of endophytic bacteria

The chosen isolate was further identified using 16S ribosomal RNA (16S rRNA) sequence
analysis. Briefly, DNA extraction was performed by a Genomic DNA Extraction Miniprep System
kit from VIOGENE, USA based on their manual instruction kit. PCR method was conducted to
amplify the 16S rRNA gene of the endophytic bacteria with the primer 63f (5-CAG GCC TAA
CAC ATG CAA GTC-3’) and primer 1387r (5-GGG GGG WGT GTA CAA GGC-3’. The
PCR products were gel extracted and purified by a Zymo Spin Column PCR Purification kit from
Zymo Research, EU. The purified PCR products were then processed and sequenced at the First
Base Laboratories, Malaysia. The obtained sequences were processed by MEGAX software
analysis (Kumar ez a/., 2018). The sequencing results were implemented for BLAST using the
database from the National Centre for Biotechnology Information (NCBI) in order to determine

the most closely related reference bacteria in the database (Nxumalo ez a/., 2020).

RESULTS AND DISCUSSION
Determination of the binahong leaves

Taxonomic identification of the plants used in this study was carried out before the
specimen was used to isolate the endophytic bacteria so that the accurate plant species was used.
According to the identification result from Centre for Biosystematics and Evolution Research-
National Research and Innovation Agency (BRIN) with the voucher number B-
804/V/DI.05.07/3/2022, it was known that the leaves is Anredera cordifolia (Teen.) Steenis.
Isolation of the endophytic bacteria from the binahong leaves

The surface sterilization was done prior the whole isolation process. This surface

sterilization method was performed to eliminate the contaminant microorganisms that present in
7
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the surface leaves. Nystatin was added to NA as antifungal agent. Two isolates of endophytic
bacteria were obtained and named with the codes of DBA1 and DBA2. However, the number of
the endophytic bacteria found in this study are less. This result is in consistent with the finding
that the number of endophytic bacteria can be influenced by the particular part of samples. It is
known that the number of endophytic bacteria from the stems and leaves are usually less, while
the roots are abundant (Zinniel ef 4/, 2022). The heterogeneity of endophytic bacteria can be
influenced by wvarious conditions, such as soil structure, time of sampling, geographical
distribution, and plant age.

Morphological characterization

Based on the result of morphological characterization, the macroscopic and microscopic
characterization of DBA1 and DBA2 were described in Table 1. Microscopic staining
characterizations showed that these two endophytic bacteria were Gram-positive bacteria. The
description of morphological characterization of DBA1 and DBA2 were shown in Table 1.
Antibacterial activity screening

The two isolates were cultivated using NB liquid medium. The supernatant was used into
antibacterial testing using the disk diffusion method. The supernatants of DBA1 and DBA2
showed antibacterial activity against Streptococcus mutans and Lactobacillus acidophilus with the average
clear zone diameter of inhibition zone as shown in Figure 1. The strongest antibacterial activity
was DBA2 with the average diameter of inhibition zone of 31,17 mm and 35,57 mm against .
mutans and L. acidophilus, as respectively.

The production of inhibitory zones indicates that there is an inhibitory activity in the
supernatants of both DBA1 and DBA2 against the bacteria of dental caries. This finding is
consistent with the previous studies showed that the endophytic microbials are said to have
antimicrobial activity (Sartika, 2021; Sharma & Mallubhotla, 2022). In this study, both pathogenic

bacteria were a Gram-positive bacterium. The finding that DBA1 and DBAZ2 had clear inhibition
8
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zones suggest that Gram-positive bacteria were fragile to metabolites from endophytic bacteria of
the binahong leaves. Based on our results, we propose that Gram-positive bacteria are fragile due
to the strong antagonistic activity of bioactive compounds produced from strain DBA2. Although
there are a lot of study reveal the activity against Gram-negative bacteria (Ainurrochmah ez al/.,
2013; Nxumalo ¢z al., 2020). However, the inhibition activities of DBA1 and DBA2 to Gram-
negative bacteria are still need to be analysed.
Molecular identification of endophytic bacteria isolate DBA2

Among two strains, strain DBA2 was chosen as potential strain as it showed the largest
diameter of inhibition zone against S. mutans and L. acidogphilus. Furthermore, the genomic DNA
was extracted based on the method as described in the kit procedure. The obtained DNA bands
were confirmed as a size of approximately 1500 bp shown in Figure 2. It was processed in the First
Base Laboratories, Malaysia. The sequences of DBA2 were then being assessed by the GenBank
NCBI database and MEGAX software analysis (Kumar ¢ a/., 2018).

Specification that meets taxonomic requirements is that if the similarity percentage is >

99%, it is defined as similarity at the species level (Drancourt ez a/., 2000). In addition, it is said to
be the same genus if the identity is 96% - 99% (Drancourt ez a/., 2000). Max score represents the
highest sequence alignment value between the query sequence alignment results and the sequences
contained in the database. A high max score value and an E-value that is close to 0 indicate a
higher level of confidence between the alignment results of the query sequence and the sequences
contained in the database that have a high level of homology. The results showed that the strain
DBAZ2 had a level of similarity to Bacillus sp. strain x20 with a max score of 2139%, identification
of 100%, and E-value 0, as shown in Table 2, suggesting that the finding had a high level of
confidence to identify that the species of the endophytic bacteria is closely related to Bacillus sp.
strain x20. The phylogenetic trees were made to analyse the relationship between species. The

results of phylogenetic tree were shown in Figure 3.
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Based on various literatures, Bacillus sp. strain x20 is also a Gram-positive bacterium
producing organic acids and phosphatases (Gond ef a/., 2015; Zhao et al., 2023). Bacillus sp. strain
x20 was known to provide beneficial effects to their host plants, such as promotes seed
germination and induces stress resistance (Zhao ez al., 2023). Organic acids produced by Baci/lus
strain will solute the inorganic phosphorus into a plant-available form, meanwhile the
phosphatases will solute the organic phosphorus, therefore the microorganism can promote plant
growth (Zhao et al., 2023). Further identification of bioactive compound produced by Bacillus sp.

strain x20 is necessary.

CONCLUSION

This study revealed that the endophytic bacteria which closely related to Bacillus sp. strain x20 was
isolated from the leaves of Awredera cordifolia (Ten.) Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial properties against the bacteria of dental caries
which were Streptococcus mutans and Lactobacillus acidophilus, as shown by their inhibition zone.
Further study needs to be conducted to investigate and identify the metabolites that may be useful

as the antibacterial agents.
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Isolates  Shapes Colour Texture  Margins of Surface  Consistency Staining
colony
DBA1  Irregular  White  Flat Undulate  Flat and Mucoid +ve
smooth
DBA2  Irregular  White  Flat Curled Flat and Buttery +ve
smooth
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397  Table 2. Molecular identification of 16S ribosomal RNA gene of DBA2 isolate and their NCBI

398  sequence accession numbers.

No. Closest relative GenBank Base pair Max E value % Similarity
species based on accession length score
16S rRNA gene number (bp)
sequences
1. Bacillus SD (in OP537150 1530 2139 0.0 100.00
Bacteria) strain
X20
2. Bacillus velezensis OP536155 1460 2139 0.0 100.00
strain 1LXS-N2
3. Bacillus velezensis OKO047738 1417 2139 0.0 100.00
strain SOTB022
4. Bacillus SD (in MZ.895449 1453 2139 0.0 100.00
Bacteria) strain HY
110
5. Bacillus SO (in MZ.895445 1445 2139 0.0 100.00
Bacteria) strain
HY-105
0. Bacilus SO (in OP493233 1448 2139 0.0 100.00

Bacteria) street

LYM4-2
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7. Bacillus SD (in 0OP493232 1451 2139 0.0 100.00
Bacteria) strain Y4-

6-1

8. Bacillus SD (in: 0OP493231 1449 2139 0.0 100.00
Bacteria) strain

YS1

9. Bacillus velezensis OP493205 1441 2139 0.0 100.00

strain MRB-10

10. Bacillus velezensis OP477121 1453 2139 0.0 100.00

strain 024A
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Abstract. Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to contain secondary metabolites
which have important biological properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to isolate and identify the
endophytic bacteria which can produce antibacterial metabolites from the leaves of A. cordifolia (Ten.)
Steenis. Two isolates, DBA1 and DBA2 were isolated and purified trom the leaves of A. cordifolia. These
isolates were subjected to the screening for their antagonistic activity against the bacteria associated with
dental caries, which are Streptococcus mutans and Lactobacillus acidophilus using the disk-diffusion method. The
strain of DBA2 exhibited the largest diameter of inhibition zone against both . mutans (31,17 mm) and
L. acidophilus (35,57 mm). While DBA1 exhibited the diameter of inhibition zone of 23,47 mm and 25,87
mm against S. mutans and L. acidophilus, as_respectively. The strain of DBA2 was then subjected for
molecular identification. The genomic DNA of DBA2 was extracted with the Geno Plus™ Genomic
DNA Extraction Miniprep System and molecular identification was performed by PCR amplification and
sequencing of the 16S rRNA gene. The amplicons were then purified and sequenced, before the 16S rRNA
gene sequences were analysed by a Basic Loecal Alignment Search Tool (BLAST) search against the
National Centre BiotechnologyInformation (NCBI) database. The endophytic bacterial strain DBA2 from
the leaves of A. cordifolia was identified to.be closely related to Bacillus sp., and the top match from the
database search revealedasimilatityvalue of 100% with the reference Bacillus sp. strain x20. Future studies
are required to analyse the bioactive compounds of strain DBAZ2, which can be considered as a potential
source for the new antibaecterial drugs for the dental caries treatment.

Keywords: Anredera cordifolia’ (Ten.) Steenis, antibacterial activity, binahong leaf, endophytic bacteria, 16S
rRNA gene

INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is
a plant that grows naturally in tropical areas and is
used as a traditional medicine to treat various
diseases (Azizah et al., 2022). Several studies of A.
cordifolia (Ten.) Steenis has proven that this plant
contains bioactive compounds used to treat many
diseases, such as wound, diabetic, hematoma, and

* Author for correspondence: Etin Diah Permanasari, JI Watung Jati Barat,
South Jakarta, DKI Jakarta, 12740, Indonesia
Email — etindiah_permanasari@uhamka.ac.id

hyperuricemia (Sumartiningsih, 2011;
Laksmitawati & Simbolon, 2017; Mutiarawati e#
al., 2017; Yuniarti & Lukiswanto, 2017). It also
exhibited anti-inflammatory properties to cure
injured cell (Sumartiningsih, 2011). The part of
binahong plant that is commonly used is the
leaves which contain flavonoids, alkaloid, tannin,
saponins, and steroid/triterpenoids (Veronita ez
al., 2017; Surbakti ez al., 2018).
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Many studies have been conducted for
antibacterial properties from the binahong leaves
against some bacteria such as Staphylococcus anreus,
Shigella flexcneri, Propionibacterium acnes, and Eschericia
coli (Ainurrochmah ez al., 2013; Veronita ez al.,
2017; Mengga et al., 2022; Sasebohe et al., 2023).
Based on the previous findings, flavonoids are
one of the main compounds responsible for
antibacterial properties (Basile ez a/., 1999; Xie et
al., 2015). Flavonoids are the group which
effectively inhibits the growth of bacteria and
fungi, as it causes damage to the permeability of
cell walls and inhibit motility (Xie ez @/, 2015;
Veronita et al, 2017). Several flavonoid
compounds from the binahong leaves have been
identified, such as vitexin, isovitexin, and motin
(Alba et al., 2020). However, as the microbial
resistance is always a problem, discovering and
developing new antibiotics can be a great
challenge. Therefore, the development of new
antibacterial agents is essential, including
discovering and developing novel antibacterial
compounds from microorganisms.

Endophytic microorganisms, such as bacterias
fungi, and yeast, are defined as microorganisms
that usually live as symbionts inside a~plant
(Nxumalo e al, 2020). These endophytic
microorganisms are crucial in the production of
many important bioactive compounds, including
antibacterial agents. These microorganisms
produce similar bioactive compounds as its host
plant (Arnold ez al, 2020; Potshangbam ez al,
2020; Sharma, et aly 2021). They provide a
valuable source for finding novel therapeutic
agents resulting the huge exploration of these
endophytic microorganisms. "The considerable
diversity of endophytes and their ability to adapt
to diffefent environments can be seen as a
valuable and largely untapped resource of novel
secondary. metabolites that could be used in the
applications in~ pharmaceutical or agricultural
sectors (Bacon and White, 2000).

Destriani e al. (2014) reported that out of 37
of the endophytic bacteria isolates were obtained
from the binahong leaves, fifteen isolates
exhibited  antibacterial ~ properties  against
Psendomonas  aernginosa. The endophytic bacteria
isolated from the .A. cordifolia (Ten.) Steenis leaves
in previous report have been determined as
Psendomonas aeruginosa CP043328.1 which produce
antibacterial metabolites against S. aureus, E. col,

Molecular identification and antagonistic activity of DBA2

Bacillus cerens, and Proteus mirabilis (Nxumalo ef al.,
2020). Previous study also reported 3 isolates of
endophytic bacteria from the binahong leaves can
inhibit the growth of Staphylococcus, Psendomonas
and Bacillus sp. (Nursulistyarini and Ainy, 2014).

However, the study on the isolation and
identification as well as the exploration of
secondary metabolites of endophytic
microorganisms from the binahong plant is yet
very limited. Therefore, this study aimed to isolate
and identify the endophytic bacteria which live in
the leaves tissue of the binahong plant (A. cordifolia
(Ten.) Steenis) that can_ produce antibacterial
metabolites. We testedon the antagonistic activity
of the isolated endophytic bacteria against
Streptococcus  mutans and Lactobacillus — acidophilus
which mainly” caused dental caries in human
(Zhang, 2013; Hussein e al., 2023). Although, the
previous studies on .the antagonistic activity
against. several dental caries causing bacteria have
been conducted from endophytic fungi of other
medicinal plants (Ukhty ez a/., 2017; Abdel-Aziz et
al., 2020). The exploration and identification on
the “endophytic binahong leaf to dental caries
causing bacteria are very limited. In this study, the
identification was performed using 16S ribosomal
RNA (16S tRNA) gene sequencing and analysis.
Potential antibacterial compounds present in the
endophytic bacteria may also be identified and
considered for the dental caries treatment in the
tuture.

MATERIALS AND METHODS

Chemicals and media

The materials were ethanol 75%, ethanol 98%,
CaCOs;, NaCl, soybean meal, corn step liquor,
H>O, NaOCl, nystatin, DMSO, HCI, NaOH,
KH>PO4 agarose gel, and deionized demineralized
water (ddH»O) from Sigma Aldrich, Ltd. The kits
were Geno Plus™, Genomic DNA Extraction
Miniprep System from VIOGENE, USA and
Zymo Spin Column PCR Purification kit from
Zymo Research, EU. Primers were from
VIOGENE, USA. The mediums were yeast
extract, Nutrient Agar (NA) medium, and
Nutrient Broth (NB) medium from HiMedia
Laboratories, India. The medias were prepared
and autoclaved.
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Plant sample preparation

The fresh leaves were collected from Tangerang,
Province Banten, Indonesia. The leaves were
identified at Centre for Biosystematics and
Evolution Research-National Research and
Innovation Agency (BRIN), Bogor, West Java,
Indonesia. The leaves were washed by running tap
water and carefully dried (Susilo ez a/., 2018; Susilo
& Meitiyani, 2018). The leaves surfaces were
disinfected by ethanol 75% and NaOCI 5,3% for
5 minutes, and then wiped carefully with ethanol
75%.

Endophytic bacteria isolation from the
binahong leaves

NA was used as a medium for the isolation of
endophytic bacteria. The binahong leaves that
been disinfected were carefully being cut off. The
cut leaves were then putin NA plate under aseptic
condition. Plates were then sealed and incubated
in 37°C for 48 hours. The endophytic bacteria
were taken, purified, and transferred into new NA
plates. The purified isolates were then used for
further experiment.

Morphological characterization of -endo-
Pphytic bacteria of the binahong leaves

The isolates were being analysed. for their
macroscopic and microscopic characterizations.
Macroscopic characterizations include colony
shape, colony pigmentation,  consistency,
clevation, and edge “shape. Microscopic
observation was carried out using gram staining
for identification of Gram type of bacteria. Gram
staining was carried out firstly by an initial staining
with crystal vielet dye. The object was then added
by iodine to fix the:dye. The last step included
ethanol to be added to the object to remove the
dye (Tripathi and Sapra, 2023). The preparate
wefe then analysed under microscope.

Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid
NB medium which had been sterilized by an
autoclave. The pure isolate of endophytic bacteria
was inoculated into a 10 ml NB test tube. Shaking
incubation was carried out for 2 days at a
temperature of 25°C. After incubation, the cell
biomass and supernatant were harvested using
centrifugation for 30 minutes at 2000 rpm. The
obtained supernatant was used as a source of
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antibacterial substances potential of endophytic
bacteria.

Antibacterial activities screening

The screening for antibacterial activity in this
study was performed by the disk diffusion
method. Two bacterial strains of Streptococcus
mutants and Lactobacillus acidophilus, were used as
strains indicator for antibacterial activity assay.
The strain culture of the bacteria 6f dental caries
(8. mutans and L. acidophilus) were incubated in 10
ml NB test tubes for 24 hours at 37° C. The
culture was then inoculated into a solid-media of
NA in Petri dish. The sterile paper.disk was then
soaked with the supernatant;.then placed in the
NA medium which has been inoculated with
pathogenic bacteria. The plates were incubated
for 1-2 days, and then observed their antibacterial
potency by “the presence or absence of an
inhibition zone around the disk paper. The
activities, were determined by measuring the
diameter of' the inhibition zone in millimeter
(mm) against pathogenic microorganism. The
isolate-with the largest diameter of inhibition zone
was continued for the molecular identification.

Molecular identification
bacteria

The chosen isolate was further identified using
16S ribosomal RNA (16S rRNA) sequence
analysis. Briefly, DNA extraction was performed
by a Genomic DNA Extraction Miniprep System
kit from VIOGENE, USA based on their manual
instruction kit. PCR method was conducted to
amplify the 16S rRNA gene of the endophytic
bacteria with the primer 63f (5-CAG GCC TAA
CAC ATG CAA GTC-3’) and primer 1387r (5’-
GGG GGG WGT GTA CAA GGC-3". The PCR
products were gel extracted and purified by a
Zymo Spin Column PCR Purification kit from
Zymo Research, EU. The purified PCR products
were then processed and sequenced at the First
Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software
analysis (Kumar e al, 2018). The sequencing
results were implemented for BLAST using the
database from the National Centre for
Biotechnology Information (NCBI) in order to
determine the most closely related reference
bacteria in the database (Nxumalo ez a/., 2020).

of endophytic
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RESULTS AND DISCUSSION

Determination of the binahong leaves
Taxonomic identification of the plants used in this
study was carried out before the specimen was
used to isolate the endophytic bacteria so that the
accurate plant species was used. According to the
identification  result  from  Centre  for
Biosystematics and Evolution Research-National
Research and Innovation Agency (BRIN) with the
voucher number B-804/V/DI1.05.07/3/2022, it
was known that the leaves is Anredera cordifolia
(Teen.) Steentis.

Isolation of the endophytic bacteria from the
binahong leaves

The surface sterilization was done prior the whole
isolation process. This surface sterilization
method was performed to eliminate the
contaminant microorganisms that present in the
surface leaves. Nystatin was added to NA as
antifungal agent. Two isolates of endophytic
bacteria were obtained and named with the codes
of DBA1 and DBA2. However, the number of
the endophytic bacteria found in this study are
less. This result is in consistent with the finding
that the number of endophytic bacteria can be
influenced by the particular part of samples. It is
known that the number of endophytic bacteria
from the stems and leaves afe usually less, while
the roots are abundant (Zinniel ez al., 2022). The
heterogeneity of endophytic ‘bacteria can be
influenced by various conditions, such as soil
structure, time.. of sampling, geographical
distribution, and plant age.

Morphological characterization

Based "on the result of morphological
characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2
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were described in Table 1. Microscopic staining
characterizations showed that these two
endophytic bacteria were Gram-positive bacteria.
The description of morphological
characterization of DBA1 and DBA2 were shown
in Table 1.

Antibacterial activity screening

The two isolates were cultivated using NB liquid
medium. The supernatant was used into
antibacterial testing using the  disk diffusion
method. The supernatants of DBA1 and DBA2
showed antibacterial activity against S#reptococcus
mutans and Lactobacillus acidophiluswith the average
clear zone diameter of inhibition zone as shown
in Figure 1. The strongest antibacterial activity
was DBA2 with the average diameter of inhibition
zone of 31,17 mmand 35,57 mm against S. mutans
and L. acidophilus, as respectively.

‘The productionof inhibitory zones indicates
that there is an inhibitory activity in the
supernatants\of both DBA1 and DBA2 against
the bacteria® of dental caries. This finding is
consistent with the previous studies showed that
the. endophytic microbials are said to have
antimicrobial activity (Sartika, 2021; Sharma &
Mallubhotla, 2022). In this study, both pathogenic
bacteria were a Gram-positive bacterium. The
finding that DBA1 and DBAZ2 had clear inhibition
zones suggest that Gram-positive bacteria were
fragile to metabolites from endophytic bacteria of
the binahong leaves. Based on our results, we
propose that Gram-positive bacteria are fragile
due to the strong antagonistic activity of bioactive
compounds produced from strain DBA2.
Although there are a lot of study reveal the activity
against Gram-negative bacteria (Ainurrochmah ez
al., 2013; Nxumalo ez al, 2020). However, the
inhibition activities of DBA1 and DBA2 to
Gram-negative bacteria are still need to be
analysed.

Table 1. The description of macroscopic and microscopic characterization of the isolated endophytic
bacterial from the leaves of the medicinal plant Awredera cordifolia (Ten.) Steenis.

Isolates Shapes Colour Texture  Margins  Surface Consistency Staining
of colony
DBA1 Irregular White Flat Undulate  Flat and Mucoid +ve
smooth
DBA2 Irregular White Flat Curled Flat and Buttery +ve

smooth
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S. mutans

25 S. mutans
I

Diameter of Inhibition Zone (mm)
b
S
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L. acidophilus
I

L. acidophilus
I

DBAI1 DBA2

DBA1 DBA2

Isolates of Endophytic Bacteria

Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic bacteria of
Abnredera cordifolia (Ten.) Steenis leaves against Streptococeus mutans and Lactobacillus acidophilus.

Molecular identification
bacteria isolate DBA2
Among two strains, strain DBA2 was chosen-as
potential strain as it showed the largest diameter
of inhibition zone against S. mutans fand L.
acidophilus. Furthermore, the genomic DNA was
extracted based on the method as described in the
kit procedure. The obtained DNA bands were
confirmed as a size of approximately 1500 bp
shown in Figure 2. It was‘processed in-the First
Base Laboratories, Malaysia. The sequences of
DBA2 were then being assessed by the GenBank
NCBI database and MEGAX software analysis
(Kumar et al., 2018).

of endophytic

DBAlenlmcH DNA Ladder 1 kb |

10000 bp
1.500 bp

500 bp

Figure 2. The gel electrophoresis of 16S rRNA
gene

Specification  that  meets  taxonomic
requirements is that if the similarity percentage is
>199%, it is defined as similarity at the species
level (Drancourt e al., 2000). In addition, it is said
to be the same genus if the identity is 96% - 99%
(Drancoutrt ez al., 2000). Max score represents the
highest sequence alignment value between the
query sequence alignment results and the
sequences contained in the database. A high max
score value and an E-value that is close to 0
indicate a higher level of confidence between the
alignment results of the query sequence and the
sequences contained in the database that have a
high level of homology. The results showed that
the strain DBAZ2 had a level of similarity to Baci/lus
sp. strain x20 with a max score of 2139%,
identification of 100%, and E-value 0, as shown
in Table 2, suggesting that the finding had a high
level of confidence to identify that the species of
the endophytic bacteria is closely related to Bacillus
sp. strain x20. The phylogenetic trees were made
to analyse the relationship between species. The
results of phylogenetic tree were shown in Figure
3.

Based on various literatures, Bacillus sp. strain
x20 is also a Gram-positive bacterium producing
organic acids and phosphatases (Gond ez a/., 2015;
Zhao et al., 2023). Bacillus sp. strain x20 was known
to provide beneficial effects to their host plants,
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such as promotes seed germination and induces
stress resistance (Zhao ez al., 2023). Organic acids
produced by Bacillus strain will solute the
inorganic phosphorus into a plant-available form,
meanwhile the phosphatases will solute the
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organic phosphorus, therefore the microorganism
can promote plant growth (Zhao ef al, 2023).
Further identification of bioactive compound
produced by Bacillus sp. strain x20 is necessary.

Table 2. Molecular identification of 16S ribosomal RNA gene of DBA2 isolate and their NCBI sequence

accession numbers.

No. Closest relative species based on ~ GenBank Base pair Max E Yo
16S rRNA gene sequences accession  length score value Similarity
number (bp)
1. Bacillus SD (in Bacteria) strain X20 ~ OP537150 1530 2139 0.0 100.00
2. Bacillus velezensis strain 1.XS-N2 OP536155 1460 2139 0.0 100.00
3. Bacillus veleziensis strain SOTB022 OKO047738 1417 2139 0.0 100.00
4. Bacillus SD (in Bacteria) strain HY 110  MZ895449 1453 2139 0.0 100.00
5. Bacillus SO (in Bacteria) strain HY-105 MZ895445 1445 2139 0.0 100.00
6.  Bacilus SO (in Bacteria) street LYM4-2  OP493233 1448 2139 0.0 100.00
7. Bacillus SD (in Bacteria) strain Y4-6-1  OP493232 1451 2139 0.0 100.00
8. Bacillus SD (in: Bacteria) strain YS1 ~ OP493231 1449 2139 0.0 100.00
9. Bacillus velezensis strain MRB-10 OP493205 1441 2139 0.0 100.00
10. Bacillus velegensis strain 024A OP477121 1453 2139 0.0 100.00

L rmA,’.
Bacilu= =p (in: Bactena) =tran X20

Bacillus
Bacillu=
Bacillus
Bacillus

Bacillus
Bacillus

— Bacillus

’» Bacillus
Bacillus

velezensis strain | XS-N2

velezenzi= strain SDTB022

ap (in Bacleria) stran HY-110

=p (In Hacterna) stram HY-106

ap (in Bactaria) stramn LYM4-2

=p (In Bacterna) stramn Y4-6-1

sp (in Baclaria) stran YS1

velezensis strain MRB-10

velezensis straimn 024A

Figure 3. The phylogenetic tree of DBA2 isolate showing evolutionary relationships of endophytic
bacteria from A. cordifolia (Ten.) Steenis leaves. The black circle indicates the interested isolate. The
evolutionary analysis was conducted in MEGAX software analysis (Kumar ef a/., 2018).
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CONCLUSION

This study revealed that the endophytic bacteria
which closely related to Bacillus sp. strain x20 was
isolated from the leaves of Anredera cordifolia (Ten.)
Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial
properties against the bacteria of dental caries
which were Streptococcus mutans and Lactobacillus
acidophilus, as shown by their inhibition zone.
Further study needs to be conducted to
investigate and identify the metabolites that may
be useful as the antibacterial agents.
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Abstract. Binahong plants (Awredera cordifolia (Ten.) Steenis) are known'to contain secondary metabolites
which have important biological properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to isolate and identify the
endophytic bacteria which can produce antibacterial metabolites from the leaves of A. cordifolia (Ten.)
Steenis. Two isolates, DBA1 and DBA2 were isolated and purified from the leaves of A. cordifolia. These
isolates were subjected to the screening for their antagonistic activity against the bacteria associated with
dental caries, which are Streptococcus mutans and Lactobacillus acidophilus using the disk-diffusion method. The
strain of DBA2 exhibited the largest diameter of inhibition zone against both . mutans (31,17 mm) and
L. acidophilus (35,57 mm). While DBA1 exhibited the diameter of inhibition zone of 23,47 mm and 25,87
mm against S. mutans and L. acidophilus, as respectively. The strain of DBA2 was then subjected for
molecular identification. The genomic DNA of DBA2 was extracted with the Geno Plus™ Genomic
DNA Extraction Miniprep System and molecular identification was performed by PCR amplification and
sequencing of the 16S rRNA gene. The amplicons were then purified and sequenced, before the 16S rRNA
gene sequences were analysed by a Basic Loecal Alignment Search Tool (BLAST) search against the
National Centre BiotechnologyInformation (NCBI) database. The endophytic bacterial strain DBA2 from
the leaves of A. cordifolia was identified. to be closely related to Bacillus sp., and the top match from the
database search revealedasimilatity:value of 100% with the reference Bacillus sp. strain x20. Future studies
are required to analyse the bioactive compounds of strain DBAZ2, which can be considered as a potential
source for the new antibaeterial drugs for the dental caries treatment.

Keywords: Anredera cordifolia’(Ten.) Steenis, antibacterial activity, binahong leaf, endophytic bacteria, 16S
rRNA gene

INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is
a plant that grows naturally in tropical areas and is
used as a traditional medicine to treat various
diseases (Azizah et al., 2022). Several studies of A.
cordifolia (Ten.) Steenis has proven that this plant
contains bioactive compounds used to treat many
diseases, such as wound, diabetic, hematoma, and

* Author for correspondence: Etin Diah Permanasari, JI Watung Jati Barat,
South Jakarta, DKI Jakarta, 12740, Indonesia

Email — etindiah_permanasari@uhamka.ac.id

hyperuricemia (Sumartiningsih, 2011;
Laksmitawati & Simbolon, 2017; Mutiarawati e#
al., 2017; Yuniarti & Lukiswanto, 2017). It also
exhibited anti-inflammatory properties to cure
injured cell (Sumartiningsih, 2011). The part of
binahong plant that is commonly used is the
leaves which contain flavonoids, alkaloid, tannin,
saponins, and steroid/triterpenoids (Veronita ez
al., 2017; Surbakti ez al., 2018).



2 AsPac ]. Mol. Biol. Biotechnol. V'ol. 32 (1), 2024

Many studies have been conducted for
antibacterial properties from the binahong leaves
against some bacteria such as Staphylococcus anreus,
Shigella flexcneri, Propionibacterium acnes, and Eschericia
coli (Ainurrochmah ez al., 2013; Veronita ez al.,
2017; Mengga et al., 2022; Sasebohe et al., 2023).
Based on the previous findings, flavonoids are
one of the main compounds responsible for
antibacterial properties (Basile ez a/., 1999; Xie et
al., 2015). Flavonoids are the group which
effectively inhibits the growth of bacteria and
fungi, as it causes damage to the permeability of
cell walls and inhibit motility (Xie ez @/, 2015;
Veronita et al, 2017). Several flavonoid
compounds from the binahong leaves have been
identified, such as vitexin, isovitexin, and motin
(Alba et al., 2020). However, as the microbial
resistance is always a problem, discovering and
developing new antibiotics can be a great
challenge. Therefore, the development of new
antibacterial agents is essential, including
discovering and developing novel antibacterial
compounds from microorganisms.

Endophytic microorganisms, such as bacterias
fungi, and yeast, are defined as microorganisms
that usually live as symbionts inside a~plant
(Nxumalo e al, 2020). These endophytic
microorganisms are crucial in the production of
many important bioactive compounds, including
antibacterial agents. These microorganisms
produce similar bioactive compounds as its host
plant (Arnold ez al, 2020; Potshangbam ez al,
2020; Sharma, et aly 2021). They provide a
valuable source for finding novel therapeutic
agents resulting the huge exploration of these
endophytic microorganisms. "The considerable
diversity of endophytes and their ability to adapt
to diffefent environments can be seen as a
valuable and largely untapped resource of novel
secondary. metabolites that could be used in the
applications in~ pharmaceutical or agricultural
sectors (Bacon and White, 2000).

Destriani e al. (2014) reported that out of 37
of the endophytic bacteria isolates were obtained
from the binahong leaves, fifteen isolates
exhibited  antibacterial ~ properties  against
Psendomonas  aernginosa. The endophytic bacteria
isolated from the .A. cordifolia (Ten.) Steenis leaves
in previous report have been determined as
Psendomonas aeruginosa CP043328.1 which produce
antibacterial metabolites against S. aureus, E. col,
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Bacillus cerens, and Proteus mirabilis (Nxumalo ef al.,
2020). Previous study also reported 3 isolates of
endophytic bacteria from the binahong leaves can
inhibit the growth of Staphylococcus, Psendomonas
and Bacillus sp. (Nursulistyarini and Ainy, 2014).

However, the study on the isolation and
identification as well as the exploration of
secondary metabolites of endophytic
microorganisms from the binahong plant is yet
very limited. Therefore, this study aimed to isolate
and identify the endophytic bacteria which live in
the leaves tissue of the binahong plant (A. cordifolia
(Ten.) Steenis) that can_ produce antibacterial
metabolites. We testedon the antagonistic activity
of the isolated endophytic bacteria against
Streptococcus  mutans and Lactobacillus — acidophilus
which mainly” caused dental caries in human
(Zhang, 2013; Hussein e al., 2023). Although, the
previous studies on .the antagonistic activity
against. several dental caries causing bacteria have
been conducted from endophytic fungi of other
medicinal plants (Ukhty ez a/., 2017; Abdel-Aziz et
al., 2020). The exploration and identification on
the “endophytic binahong leaf to dental caries
causing bacteria are very limited. In this study, the
identification was performed using 16S ribosomal
RNA (16S tRNA) gene sequencing and analysis.
Potential antibacterial compounds present in the
endophytic bacteria may also be identified and
considered for the dental caries treatment in the
tuture.

MATERIALS AND METHODS

Chemicals and media

The materials were ethanol 75%, ethanol 98%,
CaCOs;, NaCl, soybean meal, corn step liquor,
H>O, NaOCl, nystatin, DMSO, HCI, NaOH,
KH>PO4 agarose gel, and deionized demineralized
water (ddH»O) from Sigma Aldrich, Ltd. The kits
were Geno Plus™, Genomic DNA Extraction
Miniprep System from VIOGENE, USA and
Zymo Spin Column PCR Purification kit from
Zymo Research, EU. Primers were from
VIOGENE, USA. The mediums were yeast
extract, Nutrient Agar (NA) medium, and
Nutrient Broth (NB) medium from HiMedia
Laboratories, India. The medias were prepared
and autoclaved.
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Plant sample preparation

The fresh leaves were collected from Tangerang,
Province Banten, Indonesia. The leaves were
identified at Centre for Biosystematics and
Evolution Research-National Research and
Innovation Agency (BRIN), Bogor, West Java,
Indonesia. The leaves were washed by running tap
water and carefully dried (Susilo ez a/., 2018; Susilo
& Meitiyani, 2018). The leaves surfaces were
disinfected by ethanol 75% and NaOCI 5,3% for
5 minutes, and then wiped carefully with ethanol
75%.

Endophytic bacteria isolation from the
binahong leaves

NA was used as a medium for the isolation of
endophytic bacteria. The binahong leaves that
been disinfected were carefully being cut off. The
cut leaves were then putin NA plate under aseptic
condition. Plates were then sealed and incubated
in 37°C for 48 hours. The endophytic bacteria
were taken, purified, and transferred into new NA
plates. The purified isolates were then used for
further experiment.

Morphological characterization of -endo-
Pphytic bacteria of the binahong leaves

The isolates were being analysed. for their
macroscopic and microscopic characterizations.
Macroscopic characterizations include colony
shape, colony pigmentation,  consistency,
clevation, and edge “shape. Microscopic
observation was carried out using gram staining
for identification of Gram type of bacteria. Gram
staining was carried out firstly by an initial staining
with crystal vielet dye. The object was then added
by iodine to fix the:dye. The last step included
ethanol to be added to the object to remove the
dye (Tripathi and Sapra, 2023). The preparate
wefe then analysed under microscope.

Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid
NB medium which had been sterilized by an
autoclave. The pure isolate of endophytic bacteria
was inoculated into a 10 ml NB test tube. Shaking
incubation was carried out for 2 days at a
temperature of 25°C. After incubation, the cell
biomass and supernatant were harvested using
centrifugation for 30 minutes at 2000 rpm. The
obtained supernatant was used as a source of
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antibacterial substances potential of endophytic
bacteria.

Antibacterial activities screening

The screening for antibacterial activity in this
study was performed by the disk diffusion
method. Two bacterial strains of Streptococcus
mutants and Lactobacillus acidophilus, were used as
strains indicator for antibacterial activity assay.
The strain culture of the bacteria 6f dental caries
(8. mutans and L. acidophilus) were incubated in 10
ml NB test tubes for 24 hours at 37° C. The
culture was then inoculated into a solid-media of
NA in Petri dish. The sterile paper.disk was then
soaked with the supernatant;.then placed in the
NA medium which has been inoculated with
pathogenic bacteria. The plates were incubated
for 1-2 days, and then observed their antibacterial
potency by “the presence or absence of an
inhibition zone around the disk paper. The
activities, were determined by measuring the
diameter of' the inhibition zone in millimeter
(mm) against pathogenic microorganism. The
isolate-with the largest diameter of inhibition zone
was continued for the molecular identification.

Molecular identification
bacteria

The chosen isolate was further identified using
16S ribosomal RNA (16S rRNA) sequence
analysis. Briefly, DNA extraction was performed
by a Genomic DNA Extraction Miniprep System
kit from VIOGENE, USA based on their manual
instruction kit. PCR method was conducted to
amplify the 16S rRNA gene of the endophytic
bacteria with the primer 63f (5-CAG GCC TAA
CAC ATG CAA GTC-3’) and primer 1387r (5’-
GGG GGG WGT GTA CAA GGC-3". The PCR
products were gel extracted and purified by a
Zymo Spin Column PCR Purification kit from
Zymo Research, EU. The purified PCR products
were then processed and sequenced at the First
Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software
analysis (Kumar e al, 2018). The sequencing
results were implemented for BLAST using the
database from the National Centre for
Biotechnology Information (NCBI) in order to
determine the most closely related reference
bacteria in the database (Nxumalo ez a/., 2020).

of endophytic
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RESULTS AND DISCUSSION

Determination of the binahong leaves
Taxonomic identification of the plants used in this
study was carried out before the specimen was
used to isolate the endophytic bacteria so that the
accurate plant species was used. According to the
identification  result  from  Centre  for
Biosystematics and Evolution Research-National
Research and Innovation Agency (BRIN) with the
voucher number B-804/V/DI1.05.07/3/2022, it
was known that the leaves is Anredera cordifolia
(Teen.) Steentis.

Isolation of the endophytic bacteria from the
binahong leaves

The surface sterilization was done prior the whole
isolation process. This surface sterilization
method was performed to eliminate the
contaminant microorganisms that present in the
surface leaves. Nystatin was added to NA as
antifungal agent. Two isolates of endophytic
bacteria were obtained and named with the codes
of DBA1 and DBA2. However, the number of
the endophytic bacteria found in this study are
less. This result is in consistent with the finding
that the number of endophytic bacteria can be
influenced by the particular part of samples. It is
known that the number of endophytic bacteria
from the stems and leaves afe usually less, while
the roots are abundant (Zinniel ez al., 2022). The
heterogeneity of endophytic ‘bacteria can be
influenced by various conditions, such as soil
structure, time.. of sampling, geographical
distribution, and plant age.

Morphological characterization

Based "on the result of morphological
characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2

Molecular identification and antagonistic activity of DBA2

were described in Table 1. Microscopic staining
characterizations showed that these two
endophytic bacteria were Gram-positive bacteria.
The description of morphological
characterization of DBA1 and DBA2 were shown
in Table 1.

Antibacterial activity screening

The two isolates were cultivated using NB liquid
medium. The supernatant was used into
antibacterial testing using the  disk diffusion
method. The supernatants of DBA1 and DBA2
showed antibacterial activity against S#reptococcus
mutans and Lactobacillus acidophiluswith the average
clear zone diameter of inhibition zone as shown
in Figure 1. The strongest antibacterial activity
was DBA2 with the average diameter of inhibition
zone of 31,17 mmand 35,57 mm against S. mutans
and L. acidophilus, as respectively.

‘The productionof inhibitory zones indicates
that there is an inhibitory activity in the
supernatants\of both DBA1 and DBA2 against
the bacteria® of dental caries. This finding is
consistent with the previous studies showed that
the. endophytic microbials are said to have
antimicrobial activity (Sartika, 2021; Sharma &
Mallubhotla, 2022). In this study, both pathogenic
bacteria were a Gram-positive bacterium. The
finding that DBA1 and DBAZ2 had clear inhibition
zones suggest that Gram-positive bacteria were
fragile to metabolites from endophytic bacteria of
the binahong leaves. Based on our results, we
propose that Gram-positive bacteria are fragile
due to the strong antagonistic activity of bioactive
compounds produced from strain DBA2.
Although there are a lot of study reveal the activity
against Gram-negative bacteria (Ainurrochmah ez
al., 2013; Nxumalo ez al, 2020). However, the
inhibition activities of DBA1 and DBA2 to
Gram-negative bacteria are still need to be
analysed.

Table 1. The description of macroscopic and microscopic characterization of the isolated endophytic
bacterial from the leaves of the medicinal plant Awredera cordifolia (Ten.) Steenis.

Isolates Shapes Colour Texture  Margins  Surface Consistency Staining
of colony
DBA1 Irregular White Flat Undulate  Flat and Mucoid +ve
smooth
DBA2 Irregular White Flat Curled Flat and Buttery +ve

smooth
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S. mutans
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S
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I

DBAI1 DBA2

DBA1 DBA2

Isolates of Endophytic Bacteria

Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic bacteria of
Abnredera cordifolia (Ten.) Steenis leaves against Streptococeus mutans and Lactobacillus acidophilus.

Molecular identification
bacteria isolate DBA2
Among two strains, strain DBA2 was chosen-as
potential strain as it showed the largest diameter
of inhibition zone against S. mutans fand L.
acidophilus. Furthermore, the genomic DNA was
extracted based on the method as described in the
kit procedure. The obtained DNA bands were
confirmed as a size of approximately 1500 bp
shown in Figure 2. It was‘processed in-the First
Base Laboratories, Malaysia. The sequences of
DBA2 were then being assessed by the GenBank
NCBI database and MEGAX software analysis
(Kumar et al., 2018).

of endophytic

DBAlenlmcH DNA Ladder 1 kb |

10000 bp
1.500 bp

500 bp

Figure 2. The gel electrophoresis of 16S rRNA
gene

Specification  that  meets  taxonomic
requirements is that if the similarity percentage is
>199%, it is defined as similarity at the species
level (Drancourt e al., 2000). In addition, it is said
to be the same genus if the identity is 96% - 99%
(Drancoutrt ez al., 2000). Max score represents the
highest sequence alignment value between the
query sequence alignment results and the
sequences contained in the database. A high max
score value and an E-value that is close to 0
indicate a higher level of confidence between the
alignment results of the query sequence and the
sequences contained in the database that have a
high level of homology. The results showed that
the strain DBAZ2 had a level of similarity to Baci/lus
sp. strain x20 with a max score of 2139%,
identification of 100%, and E-value 0, as shown
in Table 2, suggesting that the finding had a high
level of confidence to identify that the species of
the endophytic bacteria is closely related to Bacillus
sp. strain x20. The phylogenetic trees were made
to analyse the relationship between species. The
results of phylogenetic tree were shown in Figure
3.

Based on various literatures, Bacillus sp. strain
x20 is also a Gram-positive bacterium producing
organic acids and phosphatases (Gond ez a/., 2015;
Zhao et al., 2023). Bacillus sp. strain x20 was known
to provide beneficial effects to their host plants,
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such as promotes seed germination and induces
stress resistance (Zhao ez al., 2023). Organic acids
produced by Bacillus strain will solute the
inorganic phosphorus into a plant-available form,
meanwhile the phosphatases will solute the
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organic phosphorus, therefore the microorganism
can promote plant growth (Zhao ef al, 2023).
Further identification of bioactive compound
produced by Bacillus sp. strain x20 is necessary.

Table 2. Molecular identification of 16S ribosomal RNA gene of DBA2 isolate and their NCBI sequence

accession numbers.

No. Closest relative species based on ~ GenBank Base pair Max E Yo
16S rRNA gene sequences accession  length score value Similarity
number (bp)
1. Bacillus SD (in Bacteria) strain X20 ~ OP537150 1530 2139 0.0 100.00
2. Bacillus velezensis strain 1.XS-N2 OP536155 1460 2139 0.0 100.00
3. Bacillus veleziensis strain SOTB022 OKO047738 1417 2139 0.0 100.00
4. Bacillus SD (in Bacteria) strain HY 110  MZ895449 1453 2139 0.0 100.00
5. Bacillus SO (in Bacteria) strain HY-105 MZ895445 1445 2139 0.0 100.00
6.  Bacilus SO (in Bacteria) street LYM4-2  OP493233 1448 2139 0.0 100.00
7. Bacillus SD (in Bacteria) strain Y4-6-1  OP493232 1451 2139 0.0 100.00
8. Bacillus SD (in: Bacteria) strain YS1 ~ OP493231 1449 2139 0.0 100.00
9. Bacillus velezensis strain MRB-10 OP493205 1441 2139 0.0 100.00
10. Bacillus velegensis strain 024A OP477121 1453 2139 0.0 100.00

L rmA,’.
Bacilu= =p (in: Bactena) =tran X20

Bacillus
Bacillu=
Bacillus
Bacillus

Bacillus
Bacillus

— Bacillus

’» Bacillus
Bacillus

velezensis strain | XS-N2

velezenzi= strain SDTB022

ap (in Bacleria) stran HY-110

=p (In Hacterna) stram HY-106

ap (in Bactaria) stramn LYM4-2

=p (In Bacterna) stramn Y4-6-1

sp (in Baclaria) stran YS1

velezensis strain MRB-10

velezensis straimn 024A

Figure 3. The phylogenetic tree of DBA2 isolate showing evolutionary relationships of endophytic
bacteria from A. cordifolia (Ten.) Steenis leaves. The black circle indicates the interested isolate. The
evolutionary analysis was conducted in MEGAX software analysis (Kumar ef a/., 2018).
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CONCLUSION

This study revealed that the endophytic bacteria
which closely related to Bacillus sp. strain x20 was
isolated from the leaves of Anredera cordifolia (Ten.)
Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial
properties against the bacteria of dental caries
which were Streptococcus mutans and Lactobacillus
acidophilus, as shown by their inhibition zone.
Further study needs to be conducted to
investigate and identify the metabolites that may
be useful as the antibacterial agents.
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Molecular identification of endophytic bacterium DBAZ2 isolated from
the leaf of binahong (Anredera cordifolia (Ten.) Steenis) and its
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Abstract. Binahong plants (Anredera cordifolia (Ten.) Steenis) are known to contain secondary metabolites
which have important biological properties. The current study focused on the endophytic bacteria which
lives in the leaves of A. cordifolia (Ten.) Steenis. The aim of this study is to isolate and identify the
endophytic bacteria which can produce antibacterial metabolites from the leaves of A. cordifolia (Ten.)
Steenis. Two isolates, DBA1 and DBA2 were isolated and purified from the leaves of A. cordifolia. These
isolates were subjected to the screening for their antagonistic activity against the bacteria associated with
dental caries, which are Streptococcus mutans and Lactobacillus acidophilus using the disk-diffusion method. The
strain of DBA2 exhibited the largest diameter of inhibition zone against both . mutans (31,17 mm) and
L. acidophilus (35,57 mm). While DBA1 exhibited the diameter of inhibition zone of 23,47 mm and 25,87
mm against S. mutans and L. acidophilus, as respectively. The strain of DBA2 was then subjected for
molecular identification. The genomic DNA of DBA2 was extracted with the Geno Plus™ Genomic
DNA Extraction Miniprep System and molecular identification was performed by PCR amplification and
sequencing of the 16S rRNA gene. The amplicons were then purified and sequenced, before the 16S rRNA
gene sequences were analysed by a Basic Local Alignment Search Tool (BLAST) search against the
National Centre Biotechnology Information (NCBI) database. The endophytic bacterial strain DBA2 from
the leaves of A. cordifolia was identified to be closely related to Bacillus sp., and the top match from the
database search revealed a similarity value of 100% with the reference Bacillus sp. strain x20. Future studies
are required to analyse the bioactive compounds of strain DBAZ2, which can be considered as a potential
source for the new antibacterial drugs for the dental caries treatment.

Keywords: Anredera cordifolia (Ten.) Steenis, antibacterial activity, binahong leaf, endophytic bacteria, 16S
rRNA gene

INTRODUCTION

The binahong (Anredera cordifolia (Ten.) Steenis) is
a plant that grows naturally in tropical areas and is
used as a traditional medicine to treat various
diseases (Azizah et al., 2022). Several studies of A.
cordifolia (Ten.) Steenis has proven that this plant
contains bioactive compounds used to treat many
diseases, such as wound, diabetic, hematoma, and

* Author for correspondence: Etin Diah Permanasari, JI Watung Jati Barat,
South Jakarta, DKI Jakarta, 12740, Indonesia
Email — etindiah_permanasari@uhamka.ac.id

hyperuricemia (Sumartiningsih, 2011;
Laksmitawati & Simbolon, 2017; Mutiarawati e#
al., 2017; Yuniarti & Lukiswanto, 2017). It also
exhibited anti-inflammatory properties to cure
injured cell (Sumartiningsih, 2011). The part of
binahong plant that is commonly used is the
leaves which contain flavonoids, alkaloid, tannin,
saponins, and steroid/triterpenoids (Veronita ez
al., 2017; Surbakti ez al., 2018).
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Many studies have been conducted for
antibacterial properties from the binahong leaves
against some bacteria such as Staphylococcus anreus,
Shigella flexcneri, Propionibacterium acnes, and Eschericia
coli (Ainurrochmah ez al., 2013; Veronita ez al.,
2017; Mengga et al., 2022; Sasebohe et al., 2023).
Based on the previous findings, flavonoids are
one of the main compounds responsible for
antibacterial properties (Basile ez a/., 1999; Xie e#
al., 2015). Flavonoids are the group which
effectively inhibits the growth of bacteria and
fungi, as it causes damage to the permeability of
cell walls and inhibit motility (Xie ez @/, 2015;
Veronita et al, 2017). Several flavonoid
compounds from the binahong leaves have been
identified, such as vitexin, isovitexin, and motin
(Alba et al., 2020). However, as the microbial
resistance is always a problem, discovering and
developing new antibiotics can be a great
challenge. Therefore, the development of new
antibacterial agents is essential, including
discovering and developing novel antibacterial
compounds from microorganisms.

Endophytic microorganisms, such as bacteria,
fungi, and yeast, are defined as microorganisms
that usually live as symbionts inside a plant
(Nxumalo e al, 2020). These endophytic
microorganisms are crucial in the production of
many important bioactive compounds, including
antibacterial agents. These microorganisms
produce similar bioactive compounds as its host
plant (Arnold ez al, 2020; Potshangbam ez al,
2020; Sharma, et al, 2021). They provide a
valuable source for finding novel therapeutic
agents resulting the huge exploration of these
endophytic microorganisms. The considerable
diversity of endophytes and their ability to adapt
to different environments can be seen as a
valuable and largely untapped resource of novel
secondary metabolites that could be used in the
applications in pharmaceutical or agricultural
sectors (Bacon and White, 2000).

Destriani e al. (2014) reported that out of 37
of the endophytic bacteria isolates were obtained
from the binahong leaves, fifteen isolates
exhibited  antibacterial ~ properties  against
Psendomonas  aernginosa. The endophytic bacteria
isolated from the .A. cordifolia (Ten.) Steenis leaves
in previous report have been determined as
Psendomonas aeruginosa CP043328.1 which produce
antibacterial metabolites against S. aureus, E. col,
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Bacillus cerens, and Proteus mirabilis (Nxumalo ef al.,
2020). Previous study also reported 3 isolates of
endophytic bacteria from the binahong leaves can
inhibit the growth of Staphylococcus, Psendomonas
and Bacillus sp. (Nursulistyarini and Ainy, 2014).

However, the study on the isolation and
identification as well as the exploration of
secondary metabolites of endophytic
microorganisms from the binahong plant is yet
very limited. Therefore, this study aimed to isolate
and identify the endophytic bacteria which live in
the leaves tissue of the binahong plant (A. cordifolia
(Ten.) Steenis) that can produce antibacterial
metabolites. We tested on the antagonistic activity
of the isolated endophytic bacteria against
Streptococcus  mutans and  Lactobacillus — acidophilus
which mainly caused dental caries in human
(Zhang, 2013; Hussein e al., 2023). Although, the
previous studies on the antagonistic activity
against several dental caries causing bacteria have
been conducted from endophytic fungi of other
medicinal plants (Ukhty ez a/., 2017; Abdel-Aziz et
al., 2020). The exploration and identification on
the endophytic binahong leaf to dental caries
causing bacteria are very limited. In this study, the
identification was performed using 16S ribosomal
RNA (16S tRNA) gene sequencing and analysis.
Potential antibacterial compounds present in the
endophytic bacteria may also be identified and
considered for the dental caries treatment in the
tuture.

MATERIALS AND METHODS

Chemicals and media

The materials were ethanol 75%, ethanol 98%,
CaCOs;, NaCl, soybean meal, corn step liquor,
H>O, NaOCl, nystatin, DMSO, HCI, NaOH,
KH>PO4 agarose gel, and deionized demineralized
water (ddH»O) from Sigma Aldrich, Ltd. The kits
were Geno Plus™, Genomic DNA Extraction
Miniprep System from VIOGENE, USA and
Zymo Spin Column PCR Purification kit from
Zymo Research, EU. Primers were from
VIOGENE, USA. The mediums were yeast
extract, Nutrient Agar (NA) medium, and
Nutrient Broth (NB) medium from HiMedia
Laboratories, India. The medias were prepared
and autoclaved.
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Plant sample preparation

The fresh leaves were collected from Tangerang,
Province Banten, Indonesia. The leaves were
identified at Centre for Biosystematics and
Evolution Research-National Research and
Innovation Agency (BRIN), Bogor, West Java,
Indonesia. The leaves were washed by running tap
water and carefully dried (Susilo ez a/., 2018; Susilo
& Meitiyani, 2018). The leaves surfaces were
disinfected by ethanol 75% and NaOCI 5,3% for
5 minutes, and then wiped carefully with ethanol
75%.

Endophytic bacteria isolation from the
binahong leaves

NA was used as a medium for the isolation of
endophytic bacteria. The binahong leaves that
been disinfected were carefully being cut off. The
cut leaves were then putin NA plate under aseptic
condition. Plates were then sealed and incubated
in 37°C for 48 hours. The endophytic bacteria
were taken, purified, and transferred into new NA
plates. The purified isolates were then used for
further experiment.

Morphological characterization of endo-
phytic bacteria of the binahong leaves

The isolates were being analysed for their
macroscopic and microscopic characterizations.
Macroscopic characterizations include colony
shape, colony pigmentation, consistency,
clevation, and edge shape. Microscopic
observation was carried out using gram staining
for identification of Gram type of bacteria. Gram
staining was carried out firstly by an initial staining
with crystal violet dye. The object was then added
by iodine to fix the dye. The last step included
ethanol to be added to the object to remove the
dye (Tripathi and Sapra, 2023). The preparate
were then analysed under microscope.

Endophytic bacteria cultivation

Endophytic bacteria were cultivated using a liquid
NB medium which had been sterilized by an
autoclave. The pure isolate of endophytic bacteria
was inoculated into a 10 ml NB test tube. Shaking
incubation was carried out for 2 days at a
temperature of 25°C. After incubation, the cell
biomass and supernatant were harvested using
centrifugation for 30 minutes at 2000 rpm. The
obtained supernatant was used as a source of
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antibacterial substances potential of endophytic
bacteria.

Antibacterial activities screening

The screening for antibacterial activity in this
study was performed by the disk diffusion
method. Two bacterial strains of Streptococcus
mutants and Lactobacillus acidophilus, were used as
strains indicator for antibacterial activity assay.
The strain culture of the bacteria of dental caries
(8. mutans and L. acidophilus) were incubated in 10
ml NB test tubes for 24 hours at 37° C. The
culture was then inoculated into a solid media of
NA in Petri dish. The sterile paper disk was then
soaked with the supernatant, then placed in the
NA medium which has been inoculated with
pathogenic bacteria. The plates were incubated
for 1-2 days, and then observed their antibacterial
potency by the presence or absence of an
inhibition zone around the disk paper. The
activities were determined by measuring the
diameter of the inhibition zone in millimeter
(mm) against pathogenic microorganism. The
isolate with the largest diameter of inhibition zone
was continued for the molecular identification.

Molecular identification
bacteria

The chosen isolate was further identified using
16S ribosomal RNA (16S rRNA) sequence
analysis. Briefly, DNA extraction was performed
by a Genomic DNA Extraction Miniprep System
kit from VIOGENE, USA based on their manual
instruction kit. PCR method was conducted to
amplify the 16S rRNA gene of the endophytic
bacteria with the primer 63f (5-CAG GCC TAA
CAC ATG CAA GTC-3’) and primer 1387r (5’-
GGG GGG WGT GTA CAA GGC-3". The PCR
products were gel extracted and purified by a
Zymo Spin Column PCR Purification kit from
Zymo Research, EU. The purified PCR products
were then processed and sequenced at the First
Base Laboratories, Malaysia. The obtained
sequences were processed by MEGAX software
analysis (Kumar e al, 2018). The sequencing
results were implemented for BLAST using the
database from the National Centre for
Biotechnology Information (NCBI) in order to
determine the most closely related reference
bacteria in the database (Nxumalo ez a/., 2020).

of endophytic
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RESULTS AND DISCUSSION

Determination of the binahong leaves
Taxonomic identification of the plants used in this
study was carried out before the specimen was
used to isolate the endophytic bacteria so that the
accurate plant species was used. According to the
identification  result  from  Centre  for
Biosystematics and Evolution Research-National
Research and Innovation Agency (BRIN) with the
voucher number B-804/V/DI1.05.07/3/2022, it
was known that the leaves is Anredera cordifolia
(Teen.) Steentis.

Isolation of the endophytic bacteria from the
binahong leaves

The surface sterilization was done prior the whole
isolation process. This surface sterilization
method was performed to eliminate the
contaminant microorganisms that present in the
surface leaves. Nystatin was added to NA as
antifungal agent. Two isolates of endophytic
bacteria were obtained and named with the codes
of DBA1 and DBA2. However, the number of
the endophytic bacteria found in this study are
less. This result is in consistent with the finding
that the number of endophytic bacteria can be
influenced by the particular part of samples. It is
known that the number of endophytic bacteria
from the stems and leaves are usually less, while
the roots are abundant (Zinniel e al., 2022). The
heterogeneity of endophytic bacteria can be
influenced by various conditions, such as soil
structure, time of sampling, geographical
distribution, and plant age.

Morphological characterization

Based on the result of morphological
characterization, the macroscopic and
microscopic characterization of DBA1 and DBA2
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were described in Table 1. Microscopic staining
characterizations showed that these two
endophytic bacteria were Gram-positive bacteria.
The description of morphological
characterization of DBA1 and DBA2 were shown
in Table 1.

Antibacterial activity screening

The two isolates were cultivated using NB liquid
medium. The supernatant was wused into
antibacterial testing using the disk diffusion
method. The supernatants of DBA1 and DBA2
showed antibacterial activity against Szreptococcus
mutans and Lactobacillus acidophilus with the average
clear zone diameter of inhibition zone as shown
in Figure 1. The strongest antibacterial activity
was DBA2 with the average diameter of inhibition
zone of 31,17 mm and 35,57 mm against S. mutans
and L. acidophilus, as respectively.

The production of inhibitory zones indicates
that there is an inhibitory activity in the
supernatants of both DBA1 and DBA2 against
the bacteria of dental caries. This finding is
consistent with the previous studies showed that
the endophytic microbials are said to have
antimicrobial activity (Sartika, 2021; Sharma &
Mallubhotla, 2022). In this study, both pathogenic
bacteria were a Gram-positive bacterium. The
finding that DBA1 and DBAZ2 had clear inhibition
zones suggest that Gram-positive bacteria were
fragile to metabolites from endophytic bacteria of
the binahong leaves. Based on our results, we
propose that Gram-positive bacteria are fragile
due to the strong antagonistic activity of bioactive
compounds produced from strain DBA2.
Although there are a lot of study reveal the activity
against Gram-negative bacteria (Ainurrochmah ez
al., 2013; Nxumalo ez al, 2020). However, the
inhibition activities of DBA1 and DBA2 to
Gram-negative bacteria are still need to be
analysed.

Table 1. The description of macroscopic and microscopic characterization of the isolated endophytic
bacterial from the leaves of the medicinal plant Awredera cordifolia (Ten.) Steenis.

Isolates Shapes Colour Texture  Margins  Surface Consistency Staining
of colony
DBA1 Irregular White Flat Undulate  Flat and Mucoid +ve
smooth
DBA2 Irregular White Flat Curled Flat and Buttery +ve

smooth
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S. mutans

25 S. mutans
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Diameter of Inhibition Zone (mm)
)
=)
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L. acidophilus
I

L. acidophilus
I

DBA1 DBA2

DEA1 DBA2

Isolates of Endophytic Bacteria

Figure 1. The diameter of inhibition zone of the metabolites from the isolated endophytic bacteria of
Anredera cordifolia (Ten.) Steenis leaves against Streptococcus mutans and Lactobacillus acidophilus.

Molecular identification
bacteria isolate DBA2
Among two strains, strain DBA2 was chosen as
potential strain as it showed the largest diameter
of inhibition zone against S. mutans and L.
acidophilus. Furthermore, the genomic DNA was
extracted based on the method as described in the
kit procedure. The obtained DNA bands were
confirmed as a size of approximately 1500 bp
shown in Figure 2. It was processed in the First
Base Laboratories, Malaysia. The sequences of
DBA2 were then being assessed by the GenBank
NCBI database and MEGAX software analysis
(Kumar et al., 2018).

of endophytic

I DBA2 lsulam” DNA Ladder 1 kb I

250 bp

Figure 2. The gel electrophoresis of 16S rRNA
gene

Specification  that  meets  taxonomic
requirements is that if the similarity percentage is
> 99%, it is defined as similarity at the species
level (Drancourt ¢ al., 2000). In addition, it is said
to be the same genus if the identity is 96% - 99%
(Drancoutt ez al., 2000). Max score represents the
highest sequence alignment value between the
query sequence alignment results and the
sequences contained in the database. A high max
score value and an E-value that is close to 0
indicate a higher level of confidence between the
alignment results of the query sequence and the
sequences contained in the database that have a
high level of homology. The results showed that
the strain DBAZ2 had a level of similarity to Baci/lus
sp. strain x20 with a max score of 2139%,
identification of 100%, and E-value 0, as shown
in Table 2, suggesting that the finding had a high
level of confidence to identify that the species of
the endophytic bacteria is closely related to Bacillus
sp. strain x20. The phylogenetic trees were made
to analyse the relationship between species. The
results of phylogenetic tree were shown in Figure
3.

Based on various literatures, Bacillus sp. strain
x20 is also a Gram-positive bacterium producing
organic acids and phosphatases (Gond ez a/., 2015;
Zhao et al., 2023). Bacillus sp. strain x20 was known
to provide beneficial effects to their host plants,
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such as promotes seed germination and induces
stress resistance (Zhao ez al., 2023). Organic acids
produced by Bacillus strain will solute the
inorganic phosphorus into a plant-available form,
meanwhile the phosphatases will solute the
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organic phosphorus, therefore the microorganism
can promote plant growth (Zhao ef al, 2023).
Further identification of bioactive compound
produced by Bacillus sp. strain x20 is necessary.

Table 2. Molecular identification of 16S ribosomal RNA gene of DBA2 isolate and their NCBI sequence

accession numbers.

No. Closest relative species based on ~ GenBank Base pair Max E Yo
16S rRNA gene sequences accession  length score value Similarity
number (bp)
1. Bacillus SD (in Bacteria) strain X20 ~ OP537150 1530 2139 0.0 100.00
2. Bacillus velezensis strain 1.XS-N2 OP536155 1460 2139 0.0 100.00
3. Bacillus veleziensis strain SOTB022 OKO047738 1417 2139 0.0 100.00
4. Bacillus SD (in Bacteria) strain HY 110  MZ895449 1453 2139 0.0 100.00
5. Bacillus SO (in Bacteria) strain HY-105 MZ895445 1445 2139 0.0 100.00
6.  Bacilus SO (in Bacteria) street LYM4-2  OP493233 1448 2139 0.0 100.00
7. Bacillus SD (in Bacteria) strain Y4-6-1  OP493232 1451 2139 0.0 100.00
8. Bacillus SD (in: Bacteria) strain YS1 ~ OP493231 1449 2139 0.0 100.00
9. Bacillus velezensis strain MRB-10 OP493205 1441 2139 0.0 100.00
10. Bacillus velegensis strain 024A OP477121 1453 2139 0.0 100.00

L rmA;"
Bacilu=z =p (in° Bactena) stran X20

Bacillus velezensis strain | XS-N2
Bacilluzs velezenzi= strain SDTB022
Bacilus sp (in Bacleria) stran HY-110

Bacillus sp (in° Hacterna) stram HY-106

Bacillus sp (in Bactaria) stran LYM4-2

Bacilluz sp (in Bactena) stram Y4-6-1

— Bacillus sp (in Bacltaria) straimn YS1
’» Bacillus velezenzis strain MRB-10
Bacillus velezensis stram 024A

Figure 3. The phylogenetic tree of DBA2 isolate showing evolutionary relationships of endophytic
bacteria from A. cordifolia (Ten.) Steenis leaves. The black circle indicates the interested isolate. The
evolutionary analysis was conducted in MEGAX software analysis (Kumar e a/., 2018).
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CONCLUSION

This study revealed that the endophytic bacteria
which closely related to Bacillus sp. strain x20 was
isolated from the leaves of Anredera cordifolia (Ten.)
Steenis. These endophytic bacteria produced
secondary metabolites that exhibited antibacterial
properties against the bacteria of dental caries
which were Streptococcus mutans and Lactobacillus
acidophilus, as shown by their inhibition zone.
Further study needs to be conducted to
investigate and identify the metabolites that may
be useful as the antibacterial agents.
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