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Abstract : Moringa oliefera is one of the plants that is scientifically proven to contain secondary
metabolites of flavonoids, alkaloids, phenols that can inhibit bacterial activity. Extraction of bioactive
compounds from plants is considered inefficient because it requires a large biomass. The effective
method is by utilizing endophytic bacteria associated with the plant. The aim of this research were to
know the ability of endophytic bacterial isolate of bark of moringa plants in inhibiting the growth of
gram-positive and gram-negative bacteria, and to characterize the biochemical and morphologycal
properties of the isolated endophytic bacteria, and to determine species of endophytic bacterial
isolate based on 16S rRNA. The stage of this research were endophytic bacterial isolation,
antibacterial activity test, biochemical and morphological characterization, and molecular
identification of the endophytic bacteria isolates based on 16S rRNA barcoding. Four isolates (KK1,
KK2, KK3 and KK4) endophytic bacteria were isolated from the bark of moringa stems. Antibacterial
activity test, showed that 4 endophytic bacterial isolates were able to inhibit the growth of B. cereus,
S. aureus, E. coli and S. marcescen. Based on molecular identification with 16S rRNA, endophytic
bacterial isolates of moringa plant stems was very closely related to B. cereus JL., and B. cereus
strain ATCC 14579.
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I. Introduction

The world of traditional medicine has long used Moringa for the treatment of various
diseases, including the recovery of liver disease and is often used to complement modern medicine in
patients with chronic illness including AIDS and HIV. In general, parts of moringa plants, such as
leaves, fruits, flowers and roots, have long been used for various purposes in daily life, such as food,
medicine, dyes, animal feed and also wastewater purifier [1]. Moringa plant parts such as leaves,
seeds, flowers, roots, and stem bark have been shown to be a source of antimicrobial ingredients in
medicine [2].

The moringa plant contains antibacterial compounds such as, 4-(a-L-rhamnopyranosyloxy)
benzyl isothiocyanate, peterygospermin, 4-(a-L-rhamnopyranosyloxy) benzyl glucosinolate [3],
whereas in studies conducted by [4], the moringa leaf scouring suspension dissolved in water can be
used as an antibacterial. In addition, the results of phytochemical screening showed that the bark of
Moringa oleifera contains a class of steroid, flavonoid, alkaloid, phenol, and tannin compounds [5].
Utilization of bioactive compounds from a medicinal plant is generally done by extracting parts of the
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plant. Utilization by direct extraction from the plant part is not effective, because if the medicinal
plants are constantly taken to be extracted bioactive compounds then the availability of these plants in
the environment will decrease. An efficient method for obtaining bioactive compounds is to isolate
endophytic microbes capable of producing the number of bioactive compounds required, thus not
necessarily extracting the bioactive compounds from their host plants [6].

It is likely that endophytic bacteria that settle in the plant tissue have the ability to synthesize
the same antibacterial compounds as their host plants [7], so that endophytic bacteria may have an
inhibitory effect on the growth of pathogenic bacteria. Endophytic bacteria are bacteria living in host
tissue without causing symptoms [8]. Endophytic bacteria are known to produce antibacterial active
compounds [9].

Several studies have shown that endophytic bacteria isolated from medicinal plants have the
ability to inhibit the growth of pathogenic bacteria, for example endophytic bacteria isolated from red
betel plants [10], Annona squamosa [11], cloves plants cloves [12].

Endophytic bacteria are bacteria living in host tissue without causing symptoms (Bhore and
Sathisha 2010). Endophytic bacteria are known to produce antibacterial active compounds [9].

The aim of this study was to know the ability of endophytic bacteria isolates obtained from
the bark of the moringa plants in inhibiting the growth of gram-positive bacteria (B. cereus, S. aureus)
and Gram-negative bacteria (E. coli, S. marcescen and P.mirabilis), and (ii) to determine endophytic
bacterial isolate species based on 16S rRNA.

1. Material Methods

2.1.1solation of endophytic bacteria

The surface of the bark of the moringa plant in fresh condition was washed with running
water and cut into = 3 cm length, sterilized with 70% alcohol, 4% NaOCI, rinsed twice with aquades.
Sterilized samples were cut 0.5 cm long and then grown in NA and TSA media, incubated at 32 ° C
and observed daily until a bacterial colony appeared on the media. The endophytic bacteria colonies
grown were separated from other colonies and re-planted on NA medium and incubated at 32 ° C for
24 hours. The growing bacterial isolates were then purified repeatedly to obtain pure isolates [13]

2.2. Antibacterial activity test of the endophytic bacteria

For the antibacterial activity test, two oses of endophytic bacterial isolate were inoculated into
10 ml of NB medium, incubated at 32°C at a 48-hour incubator-shaker device, and centrifuged at 5000
g for 30 minutes to obtain supernatant from endophytic bacteria. Meanwhile, the refluxed pathogenic
bacteria were diluted by mixing 1 ose of the suspension of pathogenic bacteria into a test tube
containing 0.9% NaCl. Homogenized using a vortex and turbidity standardized with a concentration
of 10° CFU. Inhibitory test was performed by the well method on MHA media, and used
ciprofloxacin as a positive control and aquades as a negative control [14]

2.3.Biochemical and morphology characterization of the isolates

Some of the biochemical tests performed in this study include Triple Sugar Iron (TSI) test,
Simmon citrat test, urea hydrolysis test, motility test, carbohydrate test (Glucose, Sucrose, Lactose,
Maltose, Mannitol). Gram staining was also done to determine the cell morphology of the isolates.

2.4.Molecular identification of endophytic Bacteria

DNA extraction was performed by adding 1 ose of endophytic bacteria sample into 200 pl
DNA ZOL buffer (Kit) and vortexed for 1 min, 100 ul of 95% ethanol added and allowed to stand for
5 min. The suspension was then centrifuged at 12,000 g for 4 min and washed 2 times with 200 ul of
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75% ethanol and allowed to stand for 4 min. Centrifuged at 9000 g for 2 min, and dissolved in 40 ul
aquades and stored at -200C. 16S rRNA gene amplification was performed using a universal primer
16S-rRNA, 63F primer (5-CAG GCC CAC TAA GTC ATG CAA) and 1387R (5-CGG CGG GGC
CAA GTA WGT) [15]. The PCR reaction composition were 2x PCR Master Mix Solution 10 ul, 2 ul
DNA template, 1 pl primary 63F, 1 pl Primer 1387R, and added aquades up to a total of 20 pl.

DNA amplification was performed using My Cycler (Bio Rad) tool. Pre-PCR conditions were
set at 94 ° C for 10 min, followed by 38 PCR cycles consisting of denaturation at 94 ° C for 30 s,
annealing at 55 ° C for 30 s and extension at 72 oC for 45 seconds. After 35 cycles, Post PCR was
performed at 720C for 10 minutes and at 20 ° C for 1 minute [16].

The PCR product was electrophoresed at 2% agarose gel at a voltage of 100 V and a current
strength of 400 A for 30 minutes. The marker in use is 100 bp DNA Ladder (Invitrogen). The
electrophoresis results were visualized under ultraviolet light and photographed using Doc Gel Doc
(Bio Rad). The obtained PCR product is subsequently sequenced, the sequence data is edited using
Clustal W in the MEGA 7 program and the results are compared with the existing sequences in
GenBank by using the BLAST search facility on the NCBI website (http://www.ncbi.nlm.nih.gov )
[16].

I11.Results and Discussion

3.1 Aantibacterial activity test of endophytic bacteria isolates

Four endophytic bacterial isolates were obtained from the bark of moringa plant, ie: KK1,
KK2, KK3 and KK4. The endophytic bacteria isolates obtained were then tested for inhibitory power
(antibacterial activity test). Screening of endophytic bacterial isolates capable of inhibiting the growth
of pathogenic bacteria was performed using a pouring plate method. The results of the endophytic
bacterial inhibition resistance test of moringa (KK) stem bark showed that all isolates had inhibitory
effect on bacterial growth of B. cereus, S. aureus, E. coli and S. marcescen. KK3 has no inhibitory
power to E. coli and on P. mirabilis bacteria. Meanwhile, all isolates have no inhibitory power against
P. mirabilis. The antibacterial test results were demonstrated by the formation of a clear zone around
the test bacterial colony (Fig. 1) and an antibacterial assay test that had no inhibitory absence of a
clear zone formed (Fig. 2). Isolates of endophytic bacteria capable of producing clear zones are
presented in Table 1.

Clear zone
Figure 1. Results of Antibacterial activity Figure 2. Results of antibacterial activity test
test of endophytic bacterial isolated from of endophytic bone bacteria isolate from
the batk of stem of mormga plant (KK) to Mormga plant (KK) to E. coli. (Ket: control
Bacillus cersus. Control (+) = ciprofloxacm (+) = ciprofloxacin and control (-) = aquades)

and Control (-) = aquades)
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The results of the endophytic bacterial (KK1, KK2, KK3, KK4) inhibition test showed that all
isolates had inhibitory effect on bacterial growth of Basillus cereus, Staphylococcus aureus,
Escherichia coli and Seratia marcescen. KK3 has no inhibitory power to E. coli and on P. mirabilis
bacteria. Meanwhile, all isolates have no inhibitory effect against P. mirabilis (Table 1)

Tabel 1. Diameter of inhibition zone of endophytic bacteria isolate from stem of moringa plants
against pathogenic bacteria

No endophytic Average of inhibition zone diameter (mm)
bacterial isolate KK1 KK2 KK3 KK4 Control (+) | Control (-)
1 S.aureus 13 14 14 14 38 -
2 B. cereus 12 12 13 13 28
3 E. coli 15 15 - 14 25
4 Seratia marcescen | 10 13 12 16 22
5 P.mirabilis - - - - 34

Note : KK = isolates of endophytic bacteria from the stem of the moringa plant Control (+) =
ciprofloxacin; Control (-) = aquades

The isolate of endophytic bacteria from the bark of moringa plant stem obtained was 4 isolates,
all of which had inhibitory effect on the B. cereus, S. aureus, Seratia marcescen and E. coli test
bacteria except KK3 had no inhibitory effect against E. coli and all isolates KK1, KK2, KK3 and KK4
do not have inhibitory power of P. mirabilis. The formation of clear zones around the isolate colonies
of endophytic bacteria indicates the presence of inhibitory power. According [17], that the formation
of clear areas around the colonies of bacterial isolates endofit indicate the presence of antibacterial
compounds that are able to Kkill or inhibit the growth of pathogenic bacteria. Bacterial inhibitory test is
a unit of method to determine the degree of susceptibility of bacteria to anti-bacterial substances or to
know the pure compounds that have anti-bacterial activity [18]. Endophytic bacteria can inhibit the
growth of test bacteria by inhibiting bacterial cell wall synthesis, disrupt bacterial metabolism, disrupt
bacterial cell membrane permeability, inhibit bacterial protein synthesis and destroy bacterial nucleic
acid synthesis [19].

The results of endophytic bacterial inhibition resistance test showed that endophytic bacterial
isolates from the bark of moringa plant stem have strong antibacterial potency. The strongest
inhibitory of 16 mm indicated by KK4 endophytic bacterial isolates against S. marsecent test bacteria
and the weakest inhibitory was 12 mm in KK1 and KK2 endophytic bacterial isolates to B. cereus.
The endophytic bacteria isolates obtained showed that endophytic bacteria were able to inhibit gram
positive bacteria and gram negative bacteria. According to [20], the antibacterial activity of certain
compounds (secondary metabolites or antibiotics) that can inhibit the growth of both gram-positive
and gram-negative bacteria, is said to have a wide spectrum. Conversely an antibiotic that is only
effective against certain classes of gram bacteria is said to be a narrow spectrum antibiotic.
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3.2 Endophytic bacterial morphology and biochemical characteristics

The results of the morphological and biochemical tests are shown in Table 2. Gram staining
results show that endophytic bacteria including Gram positive (KK2 and KK4) and Gram negative
(KK1 and KK3), have basil and cocus cell form. endophytic bacteria in the form of bacilli can form
spores. Spore-producing bacteria are more resistant to extreme environmental pressures because of
their stopping cell metabolism or dormancy if present in a poor environment [21]. Gram positive
bacteria have only a single plasma membrane surrounded by a thick cell wall of peptidoglycan [22].
Gram-negative bacteria have thin peptidoglycan cell walls located between the inner membrane and
the outer membrane [23].

Table 2. Morphological and biochemical results of endophytic bacterial isolates of moringa stem’s
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Figure 3. Isolate KK2 (Cell shape is bacillus and Gram-positive bacterium)
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3.3 Molecular identification of 16S rRNA Results
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Figure 4. Electrophoresis results from PCR the amplification of 16S rRNA of the endophytic
bacterial isolates. The DNA band size is + 1300 bp. M (DNA marker), 1 (KK1), 2 (KK2), 3 (KK3), 4
(KK4).

The DNA sequence of 16S rRNA were edited using Clustal W in the MEGA 7 program and
the results were compared with the existing sequence of 16S rRNA from other organisms in GenBank
databases in the NCBI website. The result of this sequencing comparison is then visualized in
phylogenetic tree form using MEGA 7 program which can show the kinship of sample isolate with the
obtained sequences from other organisms.. Phylogenetics is important for describing taxonomic
classification of an organism based on their evolutionary history [24]. According to [25], the
phylogenetic tree is a logical approach to showing the evolutionary relationship between organisms.

Table 3. Genetic distance of endophytic bacteria isolate with refernces bacteria derived from
GenBank based on 16 rRNA.

No gndophy’uc bacteria Reference bacteria Genetic distance
isolate

1 KK1 Pantoea anthophila strain | 0,084
LMG2558
Klebsiella sp KSC 16S 0,099

2 KK2 Staphylococus pasteuri 0,042
Staphylococus sp BAB 5902 0,051
Staphylococus epidermidis 0,048

3 KK3 Burkholderia cepacia strain NBRC | 0,015
14074

4 KK4 Bacillus cereus strain ATCC 14579 | 0,003
Bacillus cereus JL 0,003
Bacillus mycoides B38V 0,006
Bacillus cereus TMPSB-M20 0,009
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Figure 5. Phylogenetic tree showing the position of endophytic bacterial isolates of moringa stem
bark (KK1, KK2,KK3 dan KK4) compared with others bacteria based on 16S rRNA gene sequences.
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Based on genetic distance and phylogenetic trees, endophytic bacterial isolates obtained from
moringa plants are included in the genus of Bacillus and Cocus. Isolate bacterial endophytic bark of
moringa plant (KK1 isolate) has kinship with Pantoea anthophila strain LMG2558, Klebsiella sp KSC
16S. While isolate KK2 had a kinship with Staphylococus pasteuri, KK3 isolate had a kinship with
Burkholderia cepacia strain NBRC 14074, and isolate KK4 had the closest relative to B. cereus strain
ATCC 14579 and B. cereus JL (Fig.5). Inhibitory test results showed that KK1, KK2, KK3 and KK4
isolates have inhibitory effect on S. aureus, B. cereus, E. coli and S. marcescen bacteria, and all
isolates have no inhibitory effect on Proteus mirabilis growth. Ability of endophytic bacterial isolates
from moringa stem bark to inhibit the growth of clinical isolates due to the presence of metabolite
compounds possessed by endophytic bacterial isolates. This is in accordance with the [26], that
secondary metabolite compounds produced by bacteria endofit can be used as a source of bioactive
compounds that can inhibit the growth of other microbes. The results of this research showed that
endophytic bacteria isolated from moringa plant have the antimicrobial activity which could be
utilized in the future an an alternative source of antimicrobe compounds.

IV. Conclusion
Four isolates of endophytic bacteria were isolated from the bark of moringa. Based on the
research result, isolate KK1, KK2, KK3 and KK4 able to inhibit the growth of pathogenic bacteria S.
aureus, B. cereus, E. coli and S. marcescen. Endophytic bacteria isolated from the bark of moringa
stem has the closest genetic relationship with Bacillus cereus JL. and Bacillus cereus strain ATCC
14579.
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