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ABSTRACT

The endophytic bacteria has variety of roles, includes roles in plant protection. This study aimed to isolate and
characterize endophytic bacteria from Citrus aurantifolia Swingle leaves, and tested the antifungal activity towards
Fusarium oxysporum. Isolation of endophytic bacteria was done using spread plate method. Test of antifungal
activity was carried out by growing each of endophytic bacteria in Tryptic Soy Broth medium for 24 hours
cultivation at temperature of 27 °C and agitation of 120 rpm, further test was using agar diffusion method.
Characterization of endophytic bacteria was done through observation of colony morphology, Gram staining and
analysis of 16S rRNA. Results showed that 4 endophytic bacteria has been isolated. The 16S rRNA analysis
indicated bacteria isolates obtained consecutively were Bacillus cereus RNS-01, Pantoea agglomerans ZFJ-15,
Bacilus subtilis 55C1-1 dan Bacillus pumilus SH-B11. Isolates CA1 and CA2 does not has antifungal activity
towards Fusarium oxysporum, while CA3 and CA4 showed antifungal activity.

Keywords: endophytic bacteriaitrus aurantifolia Swingle, antifungalFusarium oxysporum.

INTRODUCTION

Previous study showed that endophytic bacteriarnpertant role in plant protection [1,2], increasiplant growth
[3], coped with environmental stress [4], increggimytoremediation process [5,6] and produces camgohat can
be useful in industry [7,8,9].

The ability of endophytic bacteria in plant protent showed that the bacteria is able to producesdhive
compound. Those bioactive compound can be usedopsdicide. Utilization of biopesticide can be eiffort to
controlling pest and diseases in plants. One kindigease that often attacks plant is wilt diseaStéomato and
banana caused Wyusarium oxysporum. From this study it is expected that isolates mdaphytic bacteria isolates
found can produces bioactive compound that carsbd for wilt disease conter measures.

The selected plant as source of isolate€itsus aurantifolia Swingle. These plant known to has antimicrobes
activity towards bacteria and fungi [10,11,12]. Téeproach used in the selection of these plantchesnical
compound contents (alkaloid contents) and ethmiyotgproach (this plant commonly used as antimisoin
traditional medicine). Beside that, this plant stdd due to antifungal activity of endophytic bactetowards
Fusarium oxysporum in Citrus aurantifolia was poorly studied. The purposes of this study tarésolate and
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characterize endophytic bacteria, and to examindguagal activity towardsFusarium oxysporum from several
medicinal plants.

MATERIALSAND METHODS

Plant Collection

Plants were collected from Lakuk, Simpang Haru RegePadang City. Just healthy plants that weréecigld.
Methods for collecting plants refers to de Meloal. (2009) which has been modified [1]. The planvé=athat will
be collected was cut using sterilized knife, thiemashed with sterile distilled water. Sterilizdldmt leaves then put
into plastic bag and placed in a cooler box (tempee maintaned to + 10).

Sterilization of Plants Organ Surfaces

Collected leaves was cut into 1 Trfthis cut pieces then decontaminated by etharfd f& 1 minute, hipochloride
natrium 2% for 6 minutes, ethanol 70% for 30 sesotadget rid of hipochloride natrium and lastly fhieces was
washed with sterile distilled water [13].

natrium hipoklorida 2% selama 6 menit, etanol 7@amma 30 detik untuk menghilangkan

Isolation, Purification and Gram staining of Endophytic Bacteria

Isolation technique refer to modificated de Meloal. [1]. Sterile plant leaves then crushed withiktenortar and
pestle, then it put into physiological solution N&35% and homogenated. After the solution bechomogen, it
was inoculated into a petri dish containing TSA metdadded benomil fungicide as much aslimL™ with spread
plate method [13]. It was incubated a7 temperature for 1 — 3 x 24 hours. Bacterial oglthat grown then
observed for its morphologycal differences (colémyn, color, edge shape and elevation) and purifide isolates
that already pured then brought to Gram stainiethod refers to Harley-Prescott[14].

Anttifungal Activity Test towards Fusarium oxysporum

Antagonistic test was done refer to the method used/elliawati et. al. [15]. FungiFusarium oxysporum was
obtained from Laboratory of Phytophatology, Agricué Faculty, Andalas University. Each endophyticteria
was grown in tryptic soy broth medium for 24 howts 27C temperature and 120 rpm agitatidfusarium
oxysporum then inoculated inside PDA medium in a petri di€hen, a piece of sterile filter paper with 0.5 cm
diameter which has been given endophytic bactergpension as much as 10 pL was pasted. Petriveish
incubated at 30°C temperature for 1-3 x 24 hout8 growth can be observed as a clear circle arcinedpaper
piece. Those circle is a signal of existence bigaatompound which produced by endophytic bacterigrotect
themself towards attacks or growthFafsarium oxysporum.

Analysis of 16SrRNA Endophytic Bacteria

Analysis of 16S rRNA all bacteria isolates was dameéMicrobiology Industry Laboratory, Research Ganof
Biotechnology, LIPI. The base sequence was testadl edited usingBioEdit Sequence Alignment Editor
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html). in8larity anaysis was done using tiBasic Local Alignment
Tool pada National Center for Biotechnology Informatigtp://www.ncbi.nlm.nih.gov). Evolution analysigas
done byClustal\W2 Phylogenetic Tree (www.ebi.ac.uk).

RESULTSAND DISCUSSION

The endophytic bacteria that can be isolated & shidy were 7 colony. Result of colony morpholofpgervation
showed that endophytic bacteria isolated considtdifference species (Figure 1, Table 1). Base@@m staining
and miroscopic observation, those 4 endophyticdvechas bacil cell form, 3 bacteria from Gram pwesiand 1
bacteria from Gram negative group (Table 1). Sauabunt of endophytic bacteria obtained allegedip@mced by
sampling from just 1 location and organ used asities source just leaves [16]. According to @aal. amount of
endophytic bacteria in a plant can be fluctuatitgj |
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Figurel. | solated endophytic bacteria from Citrus aurantifolia Swingle leaves

Table 1. Results of colony characteristic observation, Gram staining, cell form and antifungal activity of some endophytic isolated
bacteria from Citrus aurantifolia Swingle leaves

Colony Characteristic Gram . L
No. | Isolate| Cell amount(CFU/gn Form Elevation Margin Pigmen Stain Cell form | Antifungal Activity
1.| CA1l 3.0x 10 Circular Convex Undulate White + Bacil -
2.| CA2 1.0x10 Circular | Umbonate Entire White - Bacil -
3.|] CA3 1.0x 10 Circular Convex Entire Crean + Bacil +
4.1 CA4 2.0x10 Circular | Umbonate Entire Cream + Bacil +
Explanation:
- : no antifungal activity showed
+ : antifungal activity showed

The result showed that some of isolates endoplogateria has antifungal activity towarBasarium oxysporum,
those are isolates coded with CA3 and CA4. Two leeroisolates, CA1 and CA2 did not showed any amg&l
activity (Table 1, Figure 2). Endophytic bacterlity in hamperingFusarium oxysporum growth can be seen from
formation of inhibition zone (Figure 2). The fornwat of inhibition zone caused by endophytic baetetbility to
produced compound with antifungal activity towatlle bacteria. Compound that produced usually saitretie
compound produced by host plant [19]. The resulZolfiraet al. also observed that extract Gftrus spp. had
antifungal activity towardgusarium oxysporum [20].

Fragment of 16S rRNA was isolated anf amplifiedngsPCR at Microbiology Industry Laboratory, Reséarc
Center of Biotechnology, LIPIl. The size of fragmd®S rRNA that already amplified was 1500 bp (FégG).
Fragment 16S rRNA then purified and sequenced ysiimgerforward andreverse (9F dan 1541R), same with one
used in PCR.BLAST analysis showed that isolates &Aacillus cereus RNS_01, CA2 idPantoea agglomerans
ZFJ-15, CA3 isBacilus subtilis 55C1-1 and CA4 iBacillus pumilus SH-B11 (Table 2)Bacillus and Pantoea are
genera of endophytic bacteria that commonly founglants, and there are many research about trerseray[21,
22, 23].Bacillus subtilis [24]and Bacillus pumilus [25]known to has ability to producing antifungi cpound, one
of them is toward§&usarium oxysporum. Bacillus is potential genera to be developed as biocongeht[26].

Figure 2. Antifungal activity of endophytic bacteria isolated from Citrus aurantifolia Swingle L eaves towar ds Fusarium oxysporum
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M = Marker
1 =lIsolate CA 1
2 =lIsolate CA 2

3 = Isolate CA 3

1500 bp 4 = Isolate CA4

Figure 3. Theresult of PCR 16SrRNA purification of endophytic bacteriaisolated from Citrus aurantifolia Swingle L eaves

Evolution analysis was done usi@justalW2 Phylogenetic Tree (www.ebi.ac.uk). In this analysis, the outgroup
used isEscerichia coli K12. Analysis result showed thdacillus subtilis 55C1-1 has close relationship with
Bacillus pumilus SH-B11 (Figure 4). According tBairwise Sequence Alignmentanalysis, both of those bacteria has
similarity for 93.9%.Bacillus are dominant genera in this study, this condititegadly because high existence of
Bacillus genera in microhabitat dfitrus aurantifolia Swingle studied. Besides that it was also reporBatillus
has great ability to penetrate into plant tiss@gs 28, 29].

Escirichia coli K12

Bacillus cereus NS_01
Bacillus subtilis 55C1-1

Bacillus pumilus SH-B11

Pantoea agglomerans ZFJ-15
0,02

=

Figure 4. Phylogenetic tree of 16S sSRNA sequence of endophytic bacteria
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Table 2. Sequence analysisof 16SrRNA endophytic bacteriaisolated from Citrus aurantifolia Swingle L eaves

No.

Isolate

Sequence 16S rRNA

Result of
BLAST
NCBI

Homol
(%)

ogy

CAl

AGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTACCTGC
CCATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTGAA
CCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCGCGT
CGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCGACCT
GAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGAGGC
AGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGGTGAG
TGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGTAGTTG
AATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGEGCCA
GCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGIAAGC
GCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTEGAGGGT
CATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGC
GGTGAAATGCGTAGAGATATGGAGGAACACCAGGTGGCGAAGGCGACTTTTTGGT
CTGTAACTGAACACTGAAGGCCGCGAAAGCGTGGGGAGCAAACAGGATTABTACC
CTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGGGTTAGAGGGGTTTCOBCCCTT
AGTGCTGAAGTTAACGCATTAAGCACTCCCCCTGGGGAGTACGGCCCCAAGCTGAA
ACCTCAAAGAAATTGACCGGGGCCCCCAACAAGCGGGTGGAGCATGTGGTIAATC
CGAAGCAACGCGGAAGAACCTTACCCAGGTCTTGACATCCTCTGACAAACCTAGA
GGATAGGCCTCTCTCCTTGGGGACCAGAGGGCCAGGTGGGCCATGGTGGGEBCACT
CGTGGTGGTGAGATGTTGGGTTAATTCCGGCACCGAGGCCAACCTTTGTATAGTG
CCCACCATTAAGTTGGCCATCCTAAGGTGATGCCCGGGGCCAACCCGGARABGGT
GGGGAGGAGGTCAATTCTTCATCCCCCTTATGCCTTGGCTTCCCCACGTCTCAATG
GACGGTCCAAAGAGCTCCAGGACCGGGAGGGGGAGTTATTTTCATAAACCTITTTC
AGTTGGGATTTTGGGCTCCAATTGCCTTCCAGGAAGCGGGAATCCTTGGTAICGGG
GATCACCAGGCCGCGTGGAATAGGTTCCCGGCCCTGTTCCCCCCCCCCGBICACC
CGGGGATTTGGTACCACCGGAAGTGGGTGGGGTACCTTTTTGGAGCCAGGCCTAA
GG

Bacillus
cereus
RNS_01
(KT3806
83.1)

94

CA2

GCAGTCGAGCGGAGTTGACGGAAAGCTTGCTTTCCTGATACTTAGCGGCGREGGGT
GAGTAACACGTAGGCAACCTGCCCTCAAGCTTGGGACAACTACCGGAAACGTAGC
TAATACCGAATACTTGTTTTCTTCGCCTGAAGGAAACTGGAAAGACGGAGQAATCTG
TCACTTGGGGATGGGCCTGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCRACCAA
GGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTTCCGCAATGGGQRABAGC
CTGACGGAGCAATGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTOGTTGC
CAGGGAAGAACGCTTGGGAGAGTAACTGCTCCCAAGGTGACGGTACCTGARAGAA
AGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGGCAAGITGT
CCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTCATGTAAGTCTGGTATAATC
CCGGGGCTCAACCCCGGATCGCACTGGAAACTGCGTGACTTGAGTGCAGAMGGA
GAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACAGTG
GCGAAGGCGACTCTCTGGGCTGTAACTGACGCTGAGGCGCGAAAGCGTG@&AGCA
AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCTAGGTGTTAGG
GGTTTCGATACCCTTGGTGCCGAAGTTAACACATTAAGCATTCCGCCTGGGAGTAC
GGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCAGTGAGTA
TGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCACTAAC
GAGGCAGAGATGCGTTAGGTGCCCTTCGGGGAAAGTTGAAACAGGTGGTGETGGT
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGAECCTT
ATATTTAGTTGCCAGCATTTCGGATGGGCACTCTAAATAGACTGCCGGTGRAAACC
GGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGGACACA
CGTACTACAATGGCCGGTACAACGGGCAGTGAAGCCGCGAGGTGGAACCAFCCTA
AAAAGCCGGTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGTGGAATT
GCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTT@ATACAC
CGCCCGTCACACCACGAGAGTTTATAACACCCGAAGTCGGTGGGGTAACOGAAGG
AGCCAGCCGCCGAAGGTGGGATAGAT

Pantoea
agglome
rans
ZFJ-15
(EU9315
54.1)

99

CA3

GCAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGEIGAG
TAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGCTAA
TACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGTACCA
CTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCATAAGGC
AACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACGGC
CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAATCTGA
CGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAAGCTCTGIGTTTA
GGGAAGAACCAAGTACCGTTCGGAATAGGGGCGGTACCTTGACCGGTACGAACCC
AGAAAGCCACGGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGAAGC
GTTGTCCGGAAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTGGATGT
GAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGECAG
AAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGAAC
ACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAABCGTG
GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGECTAA
GTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTIGCCTG
GGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCARAGCG
GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTGACATC
CTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGIGTGC

Bacilus
subtilis
55C1-1
(IN3667
97.1)

99
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ATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGZCGCAA
CCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCO®IGACA
AACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGCTA
CACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAEGCAAT
CCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAGCTGG
AATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGOUGTAC
ACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTACCTTT
TAGGAGCCAGCCGCCGAAGGTGGGACAGATGAT

GCTTGCTCCCGGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACGLCTGT
AAGACTGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAGTTCCTTGACCGC
ATGGTTCAAGGATGAAAGACGGTTTCGGCTGTCACTTACAGATGGACCCGGGCGCA
TTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACTGAG
AGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGARRZAGC
AGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTAGTGA
TGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCAARGTAAC
TGCTTGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCAGCAGC
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGCTCGC
AGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGERTTGG
AAACTGGGAAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGTGAA | Bacillus
ATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTRAACT pumilus
4. CA4 GACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTBTCCA | SH-B11 99
CGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTG@GTAGCT | (CP0109
AACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAGGAA | 97.1)
TTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAAGCGAA
GAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGGCTTTCCTTCG
GGGACAGAATGACAGGTGGTGCATGGTTGTCGTCAGCTCCTGTCCTGAGATTGGG
TTAAGTCCCCCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTGEGGCAC
TCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAARCATC
ATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGCTGC
GAGACCGCAAGGTTTAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGAGTCTG
CAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCGCGGTG
AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGACACC
CGAAGTCGGTGAGGTAACCTTTATGGAGCCAGCCGCCGAAG

CONCLUSION

From this study, 4 endophytic bacteria isolatesewieund. Isolates CA1 and CA2 did not has antifliragaivity,
while CA3 and CA4 showed antifungal activity towsrBusarium oxysporum. Result of analysis 16S rRNA
endophytic bacteria consecutively weaBacillus cereus RNS_01,Pantoea agglomerans ZFJ-15, Bacilus subtilis
55C1-1 andBacillus pumilus FI139.
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