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Article Info Abstract: Fragrant Ginger or Lempuyang wangi (Zingiber aromaticum Val.) is
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Accepted: 22.03.2024 traditional medicine. Endophytic bacteria living in the healthy plant are potentially

Online published: 15.06.2024  carrying antimicrobial properties and good secondary metabolites. This study
DOIL: 10.29133/yyutbd. 1429698  aims to determine the potential of endophytic bacteria from fragrant ginger plants
from Enggano Island as antimicrobial. Antimicrobial activity was analyzed using

Keywords the disc diffusion method from pallets and supernatant of bacteria. The results
Antimicrobial, showed that five of 44 isolates consisting of Providencia strain LWERG 29,
Endophytic, Stenotrophomonas strain LWERG 30, Bacillus strain LWEBG 39, Bacillus strain
Zingiber aromaticum LWEBG 41, and Pseudomonas strain LWEBG 42 isolates were able to suppress

pathogenic bacteria such as B. subtilis, P. aeruginosa, and E. coli. Interestingly,
those selected species could show their ability to inhibit tested pathogens with a
strong category. This is the first study that showed the potential of endophytic
bacteria as antimicrobial agents isolated from fragrant ginger (Lempuyang Wangi)
in Enggano Island, Indonesia.
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1. Introduction

Lempuyang Wangi (Zingiber aromaticum), or fragrant ginger, is a Zingiberaceae family plant
widely cultivated in the tropics, including Indonesia, but its origin is still uncertain (Leong-Skornickova
et al., 2019). Enggano Island is an island located in the Indian Ocean, Indonesia. Geological data show
that this island is oceanic and unique regarding its biogeography and evolution. Four genera of
Zingiberaceae were reported from Enggano Island: Amomum, Etlingera, Zingiber, and Curcuma, mostly
found along the rivers in Kuala Besar and Kali Jangkar districts (Hamidy et al., 2017). Lempuyang
Wangi or fragrant ginger rhizome is commonly applied as a remedy for asthma, diarrhea, malaria, flu,
anthelmintics, and appetite stimulants. Secondary metabolites found in Lempuyang Wangi include
zerumbone, o-humulene, B-selinene dan (-)-caryophyllene oxide, saponins, tannins, flavonoids, and
essential oils (Aji and Zakkiyah., 2021). The isolation of endophytic bacteria, which live inside plant
tissues without causing harm to plants, and benefit their host by producing substances that regulate
growth and disease resistance, is considered to have bioactive compounds such as antibiotics similar to
those produced by the host plants (Achika Rori et al., 2020; Duhan et al., 2020; Fani et al., 2022; Ugar
et al. 2023).

Since drug resistance has emerged, the discovery and development of new antibiotics have been
challenging. Several genera of endophytic bacteria were known to produce secondary metabolites and
potential sources of novel antimicrobials, such as Streptomyces sp. Tc022 was isolated from
Zingberaceae (Alpinia galanga) as an actinomycin producer (Nurjannah et al., 2023). A recent study
showed the potency of Zingiberaceae endophytic bacteria isolated from North Sumatera, Indonesia to
inhibit pathogens such as Enteropathogenic Escherichia coli, Staphylococcus aureus ATCC 29213,
Listeria monocytogenes BTCC B693, Methicillin-Resistant S. aureus ATCC 43300, S. epidermidis
ATCC 12228 and Proteus vulgaris ATCC 13315 (Mamangkey et al., 2020). Recently, we successfully
isolated 44 fragrant ginger endophytic bacteria from Enggano Island and grouping into the genera
Bacillus, Micrococcus, Amphibacillus, Pseudomonas, and Azotobacter based on morphology, Gram-
staining, and biochemical tests. (Andeas et al., 2023). Nevertheless, the detailed information on
endophytic bacteria species from Indonesian fragrant ginger is poorly explored. In this study, we
explored the potential of collected fragrant ginger endophytic bacteria, including their species, as a
producer of antimicrobial compounds against pathogenic microbes.

2. Material and Methods

2.1. Bacteria isolates

In this study, 44 endophytic bacterial isolates from the collection of the Microbiology
Laboratory, Department of Biology, Faculty of Mathematics and Natural Sciences, University of
Bengkulu were screened to see the potential of antimicrobial activity. Previously, those collections were
isolated from fragrant ginger (Zingiber aromaticum Val.; local name: Lempuyang Wangi) from
Enggano island, Bengkulu Province, Indonesia. Gram Staining and biochemical tests of those isolates
have been done in our previous study (Andeas et al., 2023). All isolates were recultured to Nutrient Agar
(NA; Oxoid CM0003B, UK) supplemented with nystatin (0.01% w/v) and incubated at 30 °C for 48-72
h (Andeas et al., 2023).

2.2. Antimicrobial test of endophytic bacteria against pathogenic microbes

The antimicrobial activity of endophytic bacterial isolates was tested against four pathogens
consisting of three bacteria, Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, and a fungi
Candida albicans based on Wibowo et al. (2023). First, overnight cultures of pathogen bacteria and
fungi at 30 °C were prepared using tryptic soy broth (TSB; Oxoid CM0129B, UK) and potato dextrose
broth (PDB; Oxoid CM0962, UK), respectively. Then, we prepared plate agar containing 1:100 of each
pathogen culture mixed with tryptic soy agar (TSA; Oxoid CMO0131, UK) for bacteria and potato
dextrose agar (PDA; Oxoid CM0139, UK) for fungi. Subsequently, an inoculating loop of endophytic
bacterial cultures was spotted on the agar plate containing the pathogen and incubated for 24 h at 30 °C.
The endophytic bacterial isolates that were able to inhibit the growth of pathogens were observed from
a clear zone surrounding the endophytic bacterial isolate and selected as antimicrobial producers.
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To confirm and quantify the antimicrobial activity, 1.5 ml overnight culture from selected
endophytic isolates was centrifuged at 10000 rpm for 5 min, and the pellets and supernatant were
separated for use in the antagonist test against pathogenic microbes. The pallet from endophyte bacteria
was resuspended with 150 pl supernatant to get a concentrate culture. Then, to observe the antimicrobial
activity from bacteria and its metabolite, 20 pl of each supernatant and concentrate culture were dripped
onto different paper discs, placed on the plate agar containing the pathogen, and incubated for 24 h at
30 °C. Chloramphenicol 30 pg (Oxoid CTO0013B) and Nystatin 100 international units (Oxoid
CT0073B) were used as a positive control for bacteria and fungi susceptibility, respectively.
Antimicrobial activity was evaluated by measurement of the clear zone surrounding the paper disc.
Then, the degree of intensity from the antimicrobial zone of inhibition (ZOI) was classified into four
categories: very strong (>20 mm); strong (10-20 mm), medium (5-10 mm), and weak (<5Smm) (Ouchari
etal., 2019). The assay was conducted in two independent experiments. The data analysis was conducted
using the statistical data management application Statistical Product and Service Solution (SPSS) 25
with Analysis of Variance (ANOVA). If there were significant differences in the data, the analysis was
continued with Duncan's multiple range test (Dahlan, 2014).

2.3. Species identification

The isolate that showed antimicrobial activity was identified to the species using sequencing
analysis. Genomic DNA was extracted by using Presto™ Mini gDNA Bacteria Kit (Genaid, GBB100,
Taiwan) based on manufacture protocol. All isolates were amplified using 16S rRNA to investigate the
bacterial species based on minor modifications from Anggraini et al., (2018). All amplicon products
were then sent to Genetika Sains Indonesia in Jakarta/Indonesia for sequencing. The construction of a
phylogenetic tree based on the 16S rRNA coding gene was carried out using the Neighbor-Joining
method with a bootstrap value of 1000 replications using MEGA 7.

3. Results

In this study, we found five species with antimicrobial activities that consisted of Providencia
sp. LWERG?29, Stenotrophomonas rhizophila LWERG30, Bacillus altitudinis LWEBG39, Bacillus
amyloliquefaciens LWEBG41, and Pseudomonas sp. LWEBG42. Isolate identification is shown in
Table 1 and Figure 1.

Table 1. Sequence alignment of 16S rRNA gene from Lempuyang Wangi isolates

Query E- RSP Accession

%

Isolate Source Homology Cover (%)  Value Similarity Number

. Providencia rettgeri o N

LWERG29 Rhizome strain HSC-49S 18 100 % 0.0 99.76 % MK640700.1
Stenotrophomonas

LWERG30 Rhizome  rhizophila strain 100 % 0.0 100 % MN753976.1
KR2-13
Bacillus  altitudinis o N

LWEBG39 Stem strain P5.15 100 % 0.0 99.68 % Q0Q295976.1
Bacillus

LWEBG41 Stem amyloliquefaciens 100 % 0.0 99.76 % MH265986.1
strain K2-2
Pseudomonas  sp. o o

LWEBG42 Stem strain PAMC 27353 100 % 0.0 99.81 % MT555388.1

*Bacteria were isolated by grinding method (Andeas et al., 2023).

In general, the antimicrobial activity showed by the inhibition zone from the pellet was higher
than supernatants. Four species (Providencia sp. LWERG29, S. rhizophila LWERG30, B.
amyloliquefaciens LWEBG41, and Pseudomonas sp. LWEBG42) in both pellet and supernatant had
inhibitory activity against three pathogenic bacteria, E. coli, P. aeruginosa, and B. subtilis. Only B.
altitudinis LWEBG39 did not have antimicrobial activity against P. aeruginosa. However, the B.
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altitudinis LWEBG39 strain revealed antimicrobial activity against C. albicans in pellet form, while
antimicrobial activity was not found in supernatant. Specifically, the highest antimicrobial activity of Z.
aromaticum isolates pellet to E. coli, P. aeruginosa, and B. subtilis were shown by S. rhizophila
LWERG30, B. amyloliquefaciens LWEBG41, and Providencia sp. LWERG29, respectively.
Consistently, S. rhizophila LWERG30 and B. amyloliquefaciens LWEBG41 supernatants also showed
the highest antimicrobial activity to E. coli and P. aeruginosa, respectively. When we categorized them
based on their strong ability to inhibit bacteria from species pallets, E. coli inhibition was only shown
by S. rhizophila LWERG30. Near all species showed strong intensity to inhibit P. aeruginosa and B.
subtilis, except for B. altitudinis LWEBG39 which couldn’t inhibit P. aeruginosa and Pseudomonas sp.
LWEBGA42 weakly inhibit B. subtilis. Interestingly, B. amyloliquefaciens LWEBG41 supernatant also
revealed strong intensity to inhibit P. aeruginosa. The results of the antimicrobial activity test using the
disc diffusion method of pellets and supernatant are summarized in Table 2, Table 3, and Figure 2.

Table 2. Antibacterial activity of endophytic Zingiber aromaticum pellet by disc diffusion method

Sample Inhibition Zone (size % s.d. in mm)
E. coli P. aeruginosa B. subtilis C. albicans
LWERG 29 3.25°+0.35 14.5¢+0.15 16.80° + 0.30 0.00* £ 0.00
LWERG 30 10.20°+0.10 13.95¢ £ 0.15 12.25¢+0.05 0.00* £ 0.00
LWEBG 39 5.95¢+0.75 0.00*+0.00 13.70¢£0.10 4.80° + 0.40
LWEBG 41 7.15¢+0.55 16.75° £ 0.15 16.60° £ 0.10 0.00* £ 0.00
LWEBG 42 8.50°+0.20 11.45*+0.05 8.15*+0.05 0.00* £ 0.00

Chloramphenicol 28.00¢ +0.70 20.60" £ 0.85 29.457+0.5 NT

Nystatin NT NT NT 19.15°+ 0.5

*Different superscripts indicated a significant difference in the group with p<0.05. s.d.: Standard deviation. NT: Not tested.

Table 3. Antibacterial activity of endophytic Zingiber aromaticum supernatant by disc diffusion method

Sample Inhibition Zone (size + s.d. in mm)
E. coli P. aeruginosa B. subtilis C. albicans
LWERG 29 5.709 £ 0.30 4.05¢+0.35 5.909+0.10 0.00* £ 0.00
LWERG 30 8.10°+0.30 8.55¢+0.15 7.85f+£0.05 0.00* £ 0.00
LWEBG 39 1.55°+£0.45 0.00* £ 0.00 1.40° £+ 0.20 0.00* £ 0.00
LWEBG 41 4.25°+0.05 14.95° £ 0.15 4.55°+0.25 0.00* £ 0.00
LWEBG 42 4.05°+0.35 1.55°+0.05 6.35°£0.05 0.00* £ 0.00

Chloramphenicol 28.00 £ 0.70 20.60" £ 0.85 29.458+0.5 NT

Nystatin NT NT NT 19.15°+0.5

*Different superscripts indicated a significant difference in the group with p<0.05. s.d.: Standard deviation. NT: Not tested.
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MK640700.1 Providencia rettgeri strain HSC-49S18
100 | AB680422.1 Providencia rettgeri strain NBRC 13501
LWERG 29 (Isolate)
52 KU159253.1 Providencia sp. WR-14
MT605325.1 Pseudomonas sp. strain Tsl
KU750791.1 Pseudomonas brenneri strain LMTZ064-90
10000 | LIWEBG 42 (Isolate)
MT555388.1 Pseudomonas sp. strain PAMC 27353
LWERG 30 (Isolate)

MT072111.1 Stenotrophomonas rhizophila strain QH09-25
100 | MT071937.1 Stenotrophomonas sp. strain LpB10a

MN753976.1 Stenotrophomonas rhizophila strain KR2-13
LWEBG 39 (Isolate)

10

S

00295969.1 Bacillus altitudinis strain P5.5
00295976.1 Bacillus altitudinis strain P5.15

00295959.1 Bacillus altitudinis strain P4.2
100 |, KX267880.1 Bacillus amyloliquefaciens strain 2M5-10
LWEBG 41 (Isolate)

100 | MH265986.1 Bacillus amyloliquefaciens strain K2-2

MZ359968.1 Bacillus amyloliquefaciens strain Sikkim2127 23

'————— NR 115145.1 Pyrococcus abyssi GE5 16S ribosomal RNA partial sequence

H
0.050

Figure 1. The phylogenetic tree of five sequenced isolates are LWERG29, LWERG30, LWEBG39,
LWEBGH41, and LWEBG42.

Figure 2. Antibacterial and antifungal activities of endophyte bacterlal pellets using d1sc diffusion
method sequentially from (a)-(j): (a) LWERG 29, (b) LWERG 30, and (c) LWEBG 39 against E. coli,
(d) LWEBG 41, and (e) LWEBG 42 against P. aeruginosa, (f) LWERG 29, (g) LWERG 30, and (h)
LWEBG 39 against B. subtilis,(i) LWEBG 39 and (j) LWEBG 41 against C. albicans, and supernatant
sequentially from (k)-(t) : (k) LWERG 29, (1) LWERG 30, and (m) LWEBG 41 against E. coli, (n)
LWERG 30 (o) LWEBG 41, and (p) LWEBG 42 against P. aeruginosa, (qQ) LWERG 29, (r) LWERG
30, and (s) LWEBG 39 against B. subtilis, (t) LWEBG 41 against C. albicans.
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4. Discussion

The ability of the antimicrobial compounds produced by selected species to limit the growth of
the pathogenic microorganisms differed between species. The inhibition zone resulting from supernatant
administration proved that tested bacteria excreted antimicrobials into the medium (extracellular) by
bacterial isolates, while bacterial pallets produced bioactive compounds and secreted intracellularly (Xie
et al., 2021). The ability to create an inhibition zone varies among five potential species in pellet assays.
In the stationary phase of bacterial growth, there is competition to obtain nutrients and defend
themselves so that bacteria will produce bioactive compounds, such as antimicrobial compounds.
(Cappucino and Welsh., 2018).

Providencia strain LWERG29, Stenotrophomonas strain LWERG30, Bacillus strain
LWEBG39, Bacillus strain LWEBG41, and Pseudomonas strain LWEBG42 isolates were able to
suppress nearly all pathogenic bacteria, including B. subtilis, P. aeruginosa, and E. coli. Some modes
of action from antimicrobial compounds include suppressing bacterial cell wall formation, bacterial
protein synthesis, folate synthesis, DNA synthesis, and modifying cell membrane permeability
(Reygaert, 2018). On the other side, the pathogenic fungus C. albicans was suppressed by Bacillus
strain LWEBG39. There are numerous mechanisms of antifungal action, including cell membrane
damage, inhibition of ergosterol production, inhibition of protein synthesis, and inhibition of enzyme
action (Hossain et al., 2022).

In our study, Stenotrophomonas strain LWERG30 is close to S. rhizophila species. Previously,
this species was known to have antifungal activity against Botrytis cinerea infection in tomato leaves
(Raio et al., 2023), while Stenotrophomonas LWERG30 had strong intensity in inhibit E. coli and B.
subtilis. Only Bacillus strain LWEBG39 which is close to B. altitudinis, showed antifungal and
antibactertia activities in this study. Consistent with our findings, B. altitudinis and B. amyloliquefaciens
have also been reported as bacteriocins producers (Abednego et al., 2023; Hanafy et al., 2023). In
addition, Pseudomonas strain LWEBG42 was able to inhibit £. coli and B. subtilis might be due to the
activity of pyocins that are commonly produced by Pseudomonas as a previous report (Ghequire et al.,
2023).

Conclusion

In conclusion, this study confirmed that a total of five best potential species of fragrant ginger
endophytic bacteria successfully inhibit four testing pathogenic microbes using their cultures,
supernatant, and pellets. Interestingly, selected species could show their ability to inhibit pathogens with
a strong degree of intensity and that potential to develop as new antimicrobial compounds. These results
also suggested that Enggano Island, Bengkulu, and Indonesia are sources of potential endophytic
bacteria isolated from fragrant ginger (Lempuyang Wangi) that can be used as antimicrobial agents.
This study was limited to identifying fragrant ginger endophytic bacteria that showed their potential to
produce antimicrobial compounds. Based on the 16s rRNA gene, those 5 isolates were highly homolog
to Providencia, Stenotrophomonas, Bacillus, and Pseudomonas genera. Further analysis is necessary to
continue to identify the genes responsible for antimicrobial activities using whole genome sequencing.
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