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ABSTRACT

Dahlia variabilis has many beneficial effects tontan health, such as antibacterial and antifungi ratgel his
research aimed to discover the potency of endophyicrobesisolated from Dahlia as antimicrobial agge
Screenings were carried out using agar diffusionthoé against pathogens with concentration of 50p¢/dBased
on our previous study, four isolates of endophfytigyi were isolated and characterized morpholodicak follows,
LBKURCCA40 identified as Monilia sp., LBKURCCA41 itiieed as Aureobasidium sp., LBKURCC42 identified a
Moniliella sp., and LBKURCCA42 identified as Sporottsp. The inhibition zone of amoxsan was 12.53880mm
and ketoconazole was 17.67+#0.57 mm. LBKURCC41 dhothhe most significant inhibition zones against
Eschericia coli and Staphylococcus aureus whicts¢hwere 19.33+1.15 mm and 17.00+£1.00 mm respegtivel
LBKURCC41 was then characterized genetically. Tlideoular weight of chromosomal DNA of LBKURCC41
obtained was 11,706 bp. Its rDNA was amplified VAtBR using ITS5 and ITS4 as DNA primers and theltre$
phylogenetic analysis at ITS-1, ITS-2 and 5.8S rBNéwed that LBKURCC41 was Fusarium oxysporum 9@é
similarity, which was different from previous mogpdgical characterization.
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INTRODUCTION

During the last 20 years, it has been observed ath of the wealth of microbial biodiversity witovel
biochemistry and secondary metabolite productiasidess in plant tissues [1,2]. Interests in suchoehgitic
microorganisms, increased immensely with the disgpwf an endophytic fungi, from Taxus brevifolpducing
the billion dollar anti-cancer drug, taxol [3]. Nenous bioactive molecules have been isolated fraodoghytic
fungi since this ground breaking discovery [1,4,Ehdophytes are metabolically more active thanr tifireie
counterparts due to their specific functions inunatand activation of various metabolic pathwaysuwvive in the
host tissues [1,6,7].

As the previous research on endophytes mainly &t search for the host-plant metabolites inetidophytic

partner [3,8,9], the theory of horizontal trandfem the host plant to its microbial symbiont reesl much impetus
[1]. However, the sequencing of the taxadiene ssg#hgene from the taxol-producing endophyte redetiat

endophytes possess biosynthetic pathways indepenéi¢he plant host [10]. This indicates that mamganisms
have much more biosynthetic proficiency than presip thought. Thus, microorganisms may be scredoea

wide range of biological activities and explored fiseful chemical entities consistently producedhgm.

Dahlia tubers are known to contain compounds whigbhe high bioactivity. In some regions in Sumatithwhe

mountainous topography, Dahlia can naturally groell.viFor instance, in the province of Sumatera Banach as in
Solok, Padang Panjang, Payakumbuh, and Batu Samyketagi (Sumatera Utara), Curup (Bengkulu), Babluk
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Linggau (Sumatera Selatan) Dahlia thrives in anirenment of settlements. While in Kalimantan, Dahéire
relatively difficult to find due to environmentahdtors affecting the growth of Dahlia [11]. TheMes, stems, and
tubers of Dahlia contain a number of potential bin@ compounds that can be functioned as antighiat
compounds [12].

Production of antimicrobial compounds from plamidarge quantities requires a very large numbéaiflia plants,
and it takes large area and long growing-type plastwell. On the other hand, plants generallyaiorendophytic
microbes that can produce bioactive compounds @4 edn be found in its host plant [1]. Some miceobeach as
fungi, yeast, and bacteria can be associated hétiplant because they help the host plant metabaisd produce
potential secondary metabolites [13]. Some studiss show that the endophytic microbes provide fitsrfer the

host plant, such as protection against insectfiogans, and herbivores [14]. Therefore, it is neagstoisolate
antimicrobial compounds from endophytic microorgams that live inside plant tissues.

In previous study, four isolates of endophytic fuingm Dahlia tubers had been found; LBKURCC40 frorange-
floweredDahlia, LBKURCC41 from yellow-flowered Dad LBKURCC42 fromred-floweredDahlia, and
LBKURCC43 from purple-floweredDahlia[15]. It will & very necessary to make an initial screening ef th
endophytic fungi isolated frorDahlia variabiligubers. Screening of four endophytic fungi wasiedrout to see
their antimicrobial activity against pathogetischerichia coli Staphylococcus aureuandCandida albicansThe
media used is a Huang media with a 15-day incubagieriod [16].The endophytic fungi which have great
antimicrobial activity will be analysed by phylogdit identification. Therefore, it needs to makemare
appropriate way of identification based on ribosbrNA sequences (rDNA) in the area of ITS (internal
transcribed spacer) [17].

The antibiotic resistance of bacterial pathogersbdecome a serious health concern and encouragesanch for
novel and efficient antimicrobial metabolites. Téidsolates of endophytic fungi are indigenous nibies from
Dahlia and very potential to be developed as antwbial agents. This study was undertaken to dicake
potency of endophytic microbes from Dahlia as aittiobial agents. In this study, a proper identifica will be
carried out based on ribosomal DNA sequences oftBeregion equipped with a phylogenetic analydighe
fungi. Wieseet al[18]reported that to identify the species of furggiguencingin the ITS-1 and ITS-2 rDNA region
can be done.

EXPERIMENTAL SECTION

Fer mentation media preparation

The Huang media [16] was used as a fermentationiumegroduction of antimicrobial compounds, with its
composition can be seen in Table 1. All the malteneere dissolved in 250 ml of distilled water amehted, and
sterilized by autoclaving at 1Z% for 20 minutes (vapor pressure was 15 Ibs). Teeiamwas allowed a day to
measure whether or not contamination happenea. Visible contamination, the media was ready far. us

Table 1.The Huang media composition

Composition  Weight(grams)

Sucrose 30
NaNG; 3
KH.PO, 1
Yeast extract 1
KCI 0,5
MgSQ,.7H,0 0,5
FeSQ.7H,0O 0,001
Aquadest 1000

Fermentation of endophytic fungi

A total of 1 ml endophytic fungi (5%) was inoculdtanto 250 mL of media Huang, and incubated forda§s at
room temperature with a stirring speed at 150 rpmtimicrobial test was carried out each intervalSofiays.

Fermented fungal cultures were taken and centrifugiea speed of 5000 rpm for 20 minutes to sepahate
supernatant and cell mass.Fermented culture wesrefil using 0,2 um millipore syringe filter, thusuae

endophytic fungiextract of Dahlia plant was obtdin@his crude extract of endophytic fungi was utedest the
antimicrobial.

Subculture of pathogenic bacteria and fungi

Escherichia coliand Staphylococcus aureusere transferred from agar slant to new NutriegaA(NA) media
aseptically and incubated for 24 hours. GrowingooiEs were then inoculated into Nutrient Broth roediand
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incubated for 24 h at 37°C. Bacteria were readyaftibacterial tests when the optical density redob.08 to 0.1
(equivalent to 10 CFU/mI). WhilsCandida albicanswvas inoculated into PotatoDextroseAgar(PDA) medamd
incubated for 4 x 24 hours. Furthermore,the growinpnies were inoculated back into the SabouroedtiDse
Broth (SDB) media and incubated for 48 hours.lfieadtdensityof those bacteria and fungi was grethian 0.1, it
should be diluted using 0.85% NacCl solution.

Antibacterial and antifungal test

Pathogen inoculum with Qfgonm= 0.1 or equivalent to Z0CFU/mI (Martin, 2011) was inoculated into a taste

containing a liquid NA media at 50°C and homogetjzben poured into petri dish and allowed to sfylitach 50

ul sterile crude endophytic fungi extract was drappa 6 mm-diameterpaper discs and allowed to dmngoXsan

30ug was used as a positive control and a steriledatation medium as negative controls. For antidréadttest,

the paper disc was placed on NA medium contairtisgherichia colior Staphylococcus aureudVhilst, for

antifungal test, the paper disc was placed on PDédium containinGandida albicanghe entiremediums
wereincubated at 37° C with reversed-plate comlitiameter of clear zone around the paper discmaasured
after incubation for 24 hours with three replicato

Identification of endophytic fungi

Endophytic fungi which had antimicrobial activityjould be identified by phylogenetic trees aftereseiing test
was undertaken. A kit used for identification coméal of SDA media (Sabouraud 4% dextro order) fiderck,

Lyticase (SIGMA-Aldrich Chemical Co.St. Louis, USAtalog No. L-2524), Ethidium Bromide (10 mg/ml,Baxd

catalog No. 161-0433), Kit Wizard Genomic Purifioat(Promega, Madison, Wi, USA catalog No. A-1120Kb

DNA Ladder (Promega, Madison, WI, USA catalog Ne5%@.1) as the standard DNA. Go TAPCR Core TM
system | (Promega, USA No. Kat. M7660) for DNA aifiphtion reactions. The Internal Transcribe Spatés)

primers included ITS-1, ITS-2, ITS-3, ITS-4, andSFb used were produced by PT. Sentra Biosciencesabigs,
Jakarta, according to the sequence published byewhal, [19], tris-base buffer, EDTA, CGJ€OOH, HCI, NaOH,
bromphenol blue, and agarose gel.

The fungal cultures were subcultured on growth mm@diDNA isolation was conducted using Wizard gerwokii
including litikase enzymes and ingredients from Ward genomic DNA purification kit (Promega). TBINA
extract was then electrophoresed using 0.8% agagekend the DNA separation photographed using .4 14
megapixels Sony Cyber-shot DSC-W610 digital cameiA isolated was determined based on DNA bandghwhi
were visible and those bands were used as a teampldhe amplification by Polymerase Chain Reacfie@R).
Primers of ITS-4and ITS-5 were used to determierdigion sequences of the ITS-1 and ITS-2, orbyguahother
ITS primer for a primer pair matching. The matchprgmers pairs could be seen based on the DNA baitsh
were seen in the UV transimulator after electrophed with 1.2% agarose gel. This PCR fragment Wwan t
determined its DNA sequence based on the meth&hoder sequencing process. All of this sequencatg were
required for species identification and analysiploflogenetic.

RESULTSAND DISCUSSION

Screening for antimicrobial activity of endophytic fungi from Dahlia

The crude extract of endophytic fungi LBKURCC 4bwied antimicrobial activity both againgt coli (Table 2)
andS. aureugTable 3)in the Huang media on the 15 anl day of incubation, withon i®ay, inhibition zones
againstt. coliandS. aureuswvere (19.33 + 1.15) mm and (17.00 + 1.00) mm. Medle, inhibition zones against
E. coliandS. aureusn the 28day were (15.56 + 0.50) mm and (15.11 + 0.19) mnseoutively.

Figurel. Screening for antimicrobial activity against E. coli (a), Staphylococcus aureus (b), and Candida albicans (c) at the 15" day
Notes: (1) = positive control, (2) = negative controB)= LBKURCC 40, (4) = LBKURCC 41,
(5) = LBKURCC 42, and (8) = LBKURCC 43
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Whilst, all crude extracts of endophytic fungi femmted with media production showed negative resiats
antifungal activity against pathoger@andida albicangTable 3).

Table2.Antimicrobial activity against Eschericia coli on the Huang media

Inhibition zones (mm)

Extracts

57 day 10" day 15" day 20" day
Amoxsan (12,55 +0,38) (11,67 £0,33) (12,00+0,33) (11:6545)
Control (-) - - - -
LBKURCC 40 - - - -
LBKURCC 41 - - (19,33+1,15)  (15,56%0,50)
LBKURCC 42 - - - -
LBKURCC 43 - - - -

Tabel 3.Antimicrobial activity against Staphylococcus aureus on the Huang media

Inhibition zones (mm)
5"day 10" day 15" day 20" day
Amoxan (11,55+0,50) (11,66 +0,57) (11,67 +0,33) (11%A,50)
Control (-) - - - -
LBKURCC 40 - - - -
LBKURCC 41 - - (17,00 £1,00) (15,11+0,19)
LBKURCC 42 - - - -
LBKURCC 43 - - - -

Extracts

Tabel 4. Antimicrobial activity against Candida albicans on the Huang media

Inhibition zones (mm)

5" day 10" day 15" day 20" day
Nizoral (15,77+0,69) (16,44+0,38) (16,77 +0,38) (1767,57)
Kontrol (-) - - - -
LBKURCC 40 - - - -
LBKURCC 41 - - - -
LBKURCC 42 - - - -
LBKURCC 43 - - - -

Extracts

I solation of DNA

Mycelia best for DNA isolation were those at 3 daged. Moreover, the existence of a single DNA bahith
was visible with the help of UV light on gel elemphoresis showed that the presence DNA band weange of
10,000 to 12,000 bp, indicating that DNA of LBKURZThave been successfully isolated (Fig. 2).

1 2. 4 5 6 7 8

Isolat
LBEKURCCA43
10.294 pb
Isolat
LEKURCCA1
11.706 pb

12.482 pb

Figure 2. Electrophoresesresult of endophytic fungi isolates

Notes: Line 1 : Empty
Line 2 : DNA isolate ofLBKURCC40
Line 3 : Empty
Line 4 : DNA Ladder
Line 5 : DNA isolate of LBKURCC41
Line 6 : DNA isolate of LBKURCC43

From migration data of DNA standards and the isslatharts of the relationship between the log pags with
distance migrationcan be made. The regression iequathtained was y = -0,279x + 5.017,and from tpiggion the
number of base pairs of LBKURCC41 DNA was 11,706 bp
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DNA amplification

The results of PCR amplification were electrophedesn 1.2% agarose gel and stained with ethidiuomlate in
order to fluorescence under UV light. Similar totedeination of the molecular weight of the isolat€CR
amplification results were obtained by measurirggstandard migration distance. The regression &quabtained
for LBKURCC41 was y = -0,381x + 4,428 and it waplemented in determining the molecular weight &f HCR
product.From this equation, the molecular weight BKURCC41 was 616 bp with the migration distandetd
mm.Electrophoreses result of some DNA amplificafpooducts can be seen in Fig.3.

1 2 = 4

LBEKURCCAL
616 pk

Figure3. Electrophoreses of DNA amplification product of LBK URCC41in annealingat 47°C

Notes: Linel :DNALadder
Line2 :DNA of LBKURCC41
Line 3 : DNA of LBKURCC41
Line 4 :DNALadder

DNA sequencing of PCR Amplification Products

Molecular identification based on ribosomal DNA sences of the ITS region was a step to identify @amdck the
genetic information of fungi. After PCR amplificati products obtained, then its DNA sequence waargh@tied in
the ITS1 and ITS2 rDNA region using ITS4 and ITSBnbined primers. Verification of ITS-1 rDNA regiarsed
primer pairs ITS5 (forward) and ITS2 (reverse), lelim the ITS-2 rDNA regions, ITS3 used as forwandl ITS4 as
reverse. Alignment of DNA sequence can be seerngid F

> DNA Seq of LBKURCC-41 (5’ — 3))

TGGAAGTAAAAAATCGTAACCAAGGTCTCCGTTGGTGAACCAGCGGAGGGA
CATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTTGCCC
GGCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGAACCTC
AAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAATAAATCAAAA CT
TTCAACCAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATEC
GATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCAC
ATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTTCGAGCGTCATTTGR
CCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAAIG
ATTGGCGGTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACGEG
TAATCGTCGCGGCCACGCCGTTAAACCCCAACTTCTGAATGTTGACCTCGAT
CAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA
Figure4.DNA sequencing of LBKURCCA41 usingBioedit verification
Phylogenetic analysisin sequenceregion of ITS-1and ITS-2 rDNA

Sequence regions of ITS-1 5,8S rDNA, and ITS-2 LBRALCA41 were compared to the same area owned by seven
strains ofFusariumsp and close relative whichwere accessed fromNCBI GakRlata (Table 5), on August 29,
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2014. The Neighbour Joining bootstrapping in tremegation was displayed by TreeView software asea t
dendogram and non-rooted filogram (Fig.5).

Tabel 5.Data from Gen Bank of NCBI: speciesand similarity of LBKURCC41

Access Code %

Nama spesies Gen Bank Strain References Similarity
Fusarium oxysporum f. sp. vasinfectunAF322075.1  Ag149-1 Yingt al.[20] 99 %
Fusarium oxysporum EU326216 BD Bukovskat al.[21] 99 %
Fusarium andiyazi KC954400.1 CBS 134430 Kebalstial.[22] 98 %
Fusarium solani KF918565 DE21 Wafa &Latiffah[23] 95 %
Fusarium culmorum GU566271.1 G5 Bukovskaal.[21] 93 %
Fusarium armeniacum KF944456.1  NEFU12 Zhao[24] 93 %
Fusarium poae AF414967.1 BBA 70810 Yli-Mattilet al[25] 93 %
Nectria haematococca AF150468.1  SUF1223 Sugh al.[26] 91 %

Screening for antimicrobial activity

Huang media consists of sucrose as a carbon sobuceose is a disaccharide formed from a molectile-B-
glucose ang-D-fructose and linked bg-1,2 glycosidic bonds. Whef+1,2 glycosidic bond was interrupted by a
hydrolysis reaction, it will form a mixture of glase and fructose. Media which can produce secomndatgbolites
contain complex carbon sources as one of the fadtmt influence the microorganisms to produce rsgay
metabolites. The complexity of medium is a criticahdition in which microbes will generally produsecondary
metabolites to sustain their life [13].Based on pravious study[15], four isolates of endophytinduwere isolated
and characterized morphologically as follows, LBKO®40 identified adMonilia sp., LBKURCCA41 identified as
Aureobasidiunsp., LBKURCC42 identified asloniliella sp., and LBKURCCA42 identified &porothrixsp.

There are several possibilities why the crude etdr@f endophytic LBKURCC40 and LBKURCC43 could not
produce antimicrobial compounds. First, both issdahad genes that encode for the formation of skrgn
metabolites indeed, but those genes were not esgutea the media production that has been usedgé&hes will
be expressed only when induced in advance [27hdrthree production medium used, there could bidhacers
that could express the gene of metabolites formatib LBKURCC40 and LBKURCCA43. This possibility also
explained why all crude extracts of endophytic fuyaye no antifungal activity againSandida albicans

| Nectria haematococca AF150468.1
9377

8007 Fusarium phyllophilum AB587006.1

Aureobasidium pullulans JF419659.1

9190

Fusarium solani KF918565.1

6576 ——— Fusarium armeniacum KF944456.1
9657

Fusarium culmorum GU566271.1
9642

TRICHOTOMY

Fusarium poae AF414967.1

| FUSARIUM OXY SPORUM EU326216.1]
9123

LBKURCCA41

Fusarium andiyazi KC954400.1

Figure5. Phylogenetic relationship between LBKURCCA41 and 9 closest relatives, based on sequence of DNA ITS-1,58SrDNA and ITS-2

I dentification of LBKURCCA41

A genetic information contained in fungal DNA whiaelas sequenced in areas 5.8S ITS-1 and ITS-2 dmuldsed
to distinguish one species tothe others. PCR pttedeoistained from rDNA amplification of LBKURCC41 vee
followed by sequencing process using ITS2, ITSE4 Tand ITS5. DNA sequences were visually checlezd by
adjusting the peaks with neucleotide bases exigimghe spectrogram. DNA resulted from sequencgsmfvise
alignment can be seen in Fig.3. LBKURCCA41 isolats wompared with 9 lines and it could be classifiethree
subclusters and 1 strain which did not form anychugier. The three subclusterswhich can be seEigint are:
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1. Subcluster A included 3 strailNectria haematococco, Fusarium phyllophildienAureobasidium pullulans
2. Subcluster Bincludedd4straifaisarium armeniacum, Fusarium culmorum, FusariuragpdanFusarium solani
3. Subcluster Cincluded2straifatsarium oxysporuand LBKURCC41.

Subcluster Cwas a close relative to Botbxysporumand LBKURCC41 with similarity percentage of 99%(Teab
5). Neighbour Joining bootstrapping tree test sir8ins with LBKURCC41 by 10,000 repetitions wasfpened to
test the branching and the validity of the phylagfentree. LBKURCCA41 isolate hadbranching numbef @55
with F. oxysporumThis background can be estimated that the LBKURC{Solate contained in dahlia tubers was
F. oxysporumThis research had a different result from Loweettal[15] which had identified the same species as
Aureobasidiumsp. This difference occurred due to the each ncetised in both research, which the previous
research used macroscopic observation while tBesareh used phylogenetic analysis.

Fusariumis a soil-borne pathogen and a weak parasite #sTés fungi is transmitted through soil, tubees)d
rhizomes which are derived from plants and it itdgdants through wounds on the rhizome. The inpay occur
due to seeds transport, weeding, or insdetoxysporurgoes through pathogenic phase and saprogenedise In
phase of pathogenesis, this fungi lives as a farasi host plants. If no host plants, the pathdiyess in the soil as
a saprophyte on crop residues and then entersgemsis phase which can be a source of inoculuoatse
disease in other plants. SofResariumspecies are pathogenic to wheat and maize [28].

CONCLUSION

Crude extract of endophytic fungi, LBKURCC 4E. (oxysporuy showed the most significant antimicrobial
activity on the Huang media. The antimicrobial wtfi on the 1% day was greater than thaton"™2@ay.
Furthermore, the results of phylogenetic analysisctuded that DNA isolate of endophytic fungi LBKGR41 had

a molecular weight of 11,706 bp. rDNA regions camtey ITS-1, 5,8S rDNA, and ITS-2 could be amplifiasing
PCR with ITS-4 and ITS-5 primers andthe amplificatresults of primer pairs obtained for LBKURCC4asn616
bp.The DNA sequence was identified Figsarium oxysporunwith a 99% similarity. Allignment with 8 closest
species strains indicated that there was phylogengationship among species Bf oxysporumshown by high
bootstrapping level with 10,000 repetitions on eldnch.
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