Available online at www.scholarsresearchlibrary.com

. 0‘0 o
&Q)\ g/(b/
(¢)

)
) ®
Scholars Research . g x;
Scholars Research Library < N2

& Y

Annals of Biological Research, 2010, 1 (4) : 240-24 A
(http://scholarsresearchlibrary.com/archive.html) Library
ISSN 0976-1233
CODEN (USA): ABRNBW

Assessment of endophytic bacterial diversity amongangrove
plants and their antibacterial activity against baderial pathogens

Sundaram Ravikumar*, Samuel Jacob Inbagesdm Ramasamy Sengottuvéland Andy
Ramu

School of Marine Sciences, Department of Oceandwyrapd Coastal Area Studies, Alagappa
University, Thondi Campus, Thondi — 623 409,
Ramnathapuram District, Tamil Nadu, India.
’Department of Microbiology, Vivekanandha Collegé\ds and Sciences for Women,
Elayampalayam, Tiruchengode, Namakkal District, T&adu, India.
3School of Chemistry, Department of Inorganic ChemisMadurai Kamaraj University,
Madurai District, Tamil Nadu, India.

ABSTRACT

Natural products have been the single most prodectource of leads for the development of
drugs. Natural products from endophytic microbesehbeen showed many biological activities.
The present study was carried out to find out thevitro antibacterial activity of endophytic
bacteria isolated from halophytic plants. A total &4 endophytic bacterial strains were
identified from the leaf tissue of 11 differentdpiytic plant species. Of them, 2 strains showed
broad-spectrum of antibacterial activity againstrigip pathogens which were identified as
Bacillus thuringiensis(FJ236808) and Bacillus pumilus (FJ236809) through 16S rDNA
sequencing and deposited in the NCBI GenBank.
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INTRODUCTION

There is a need to search for new antimicrobiahtsybecause infectious diseases are still a
global problem because of the development and dpogadrug-resistant pathogens [1,2].
Encouraged by the idea of “Drugs from the Sea”,dhemists have identified lots of bioactive
compounds with novel structures from the rich matioresource in the recent fifty years [3-5].
Among them, marine derived microbes have contribate important proportion. Microbes have
been known to be a major source of active compouwsesl in medicine. Endophytic bacteria
have been defined as bacteria that can be isofabed surface disinfected plant tissues or
extracted from within the plant and additionallg, @bt visibly harm the plant [6].
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The endophytic microbes were well studied in terr@splants [7-9] which are found to possess
antibacterial [10-12], antifungal [10], anticancg¥l,13], antimalarial [11], antiviral [14],
antioxidant [15,16] and antidiabetic [17] activetieBut, isolation effort of endophytic
microorganism from marine plants is limited. Instlwonnection, the present study was made an
attempt to explore the endophytic bacteria fromléawes of 11 marine halophytic plant species
and to find out the antibacterial activity agaipstltry, shrimp and human pathogens.

MATERIALS AND METHODS

Collection of apical buds

Leaf samples from 11 mangrove halophytic plants, Biaeda monoica, Suaeda maritima,
Salicornia brachiata, Lumnitzera racemosa, Sesuvportulacastrum, Rhizophora apiculata,
Rhizophora mucronata, Bruguiera cylindrica, Ceriogkecandra, Avicennia marinand
Aegiceras corniculatumvere collected from Pichavaram mangrove forest. (L4° 27° N and
Lon. 79° 47’ E) of Tamil Nadu, India and were pldée sealed, unused plastic bags after excess
moisture is removed [18]. The authentication ohplspecies was done by the help of Prof. K.
Kathiresan, Centre of Advanced Study in Marine &y, Annamalai University, Portonovo,
Tamil Nadu, India and voucher specimens were deggbsn the herbarium facility (Sponsored
by the ICMR, New Delhi) in the Department of Ocegwaphy and Coastal Area Studies,
Alagappa University, Thondi Campus, Tamil Nadu,idnd

Isolation of endophytic bacteria

Collected leaf samples were thoroughly surfaceligesdl with 70% ethanol and air dried under a
laminar-flow hood to eliminate surface contamingtmicrobes. The outer tissues were removed
from the samples with a sterile knife blade anditiner tissues were excised and macerated with
sterile distilled water by using mortar and pesilee macerated samples were serially diluted
and plated on to Zobell marine agar 2216 mediunvi@diia Laboratories Pvt. Limited, Mumbai,
India) in triplicates and incubated at 37+2°C fdr 2 in a thermostat incubator. After attaining
visible growth, the colonies were counted usingooglcounter (Subra Scientific Co., India).
Morphologically different heterotrophic bacterialanies were selected and restreaked on to a
Zobell marine agar 2216 slants for further use.

Test organisms

The chicken pathogensz., Eschrichia coli, Staphlococcus aereus, Saktla sp., Klebsiella
sp., Haemophilus parasalinarum, Pasterulla muliecshrimp pathogengz., Bacillus subtilis,
Serratia sp., Vibrio parahaemolyticus, Vibrio hayye Aeromonas hydrophilaand human
bacterial pathogenwiz., Klebsiella sp., Staphylococcus aureus, Psewmhas aeruginosa,
Streptococcus pneumoniae, Streptococcus sp., Rrotearganii were used forin vitro
antibacterial assay. All the culture collectionsnfr different sources were identified and
maintained in the Division of Marine Microbiologyné Infectious Medicine, Alagappa
University, Thondi Campus, Tamil Nadu, India.

Antibacterial sensitivity assay

Single streak of endophytic bacteria were streatiedthe surface of Mueller Hinton agar
medium (HiMedia Laboratories Pvt. Limited, Mumbhidia) plates followed by the overnight
culture (16 cells/ml) of pathogenic bacteria were streakedeapgndicular to the original streak
and incubated at 37+2°C. The inhibition was obsgafer 24 h and triplicates were maintained
for each analysis [19]. Endophytic bacterial ssafMB4 and MB8) which showed maximum
zone of inhibition were further inoculated into 108 of sterile nutrient broth (HiMedia
Laboratories Pvt. Limited, Mumbai, India) and kepB7+2°C for 24 h with continuous shaking.
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Then 20 ml of grown culture was transferred int@@@nL of sterile nutrient broth and incubated
at 37£2°C for 5 days under continuous shaking &t @®n/min. Mass cultivated cultures were
filtered by using muslin cloth and the supernataas mixed with equal volume of ethyl acetate
(2:1) in a separating funnel and after vigorousksitg the organic phase was collected and
subjected for evaporation under reduced pressung ustary evaporator (Superfit, India) and
the weight of the extracts were measured [20] aqmtessed as percentage of extraction using
the following formula: % of extraction = Quantityf the extract (g)/Quantity of endophytic
bacterial biomass (g) X 100

Minimum inhibitory concentration (MIC) was carriedit with the extracts from MB4 and MB8.
500 pl/ml of various concentration of extracts (82, 125, 250, 500, 1000 pg/ml) was prepared
with dimethyl sulphoxide (DMSO) and mixed with 5Q0ml of nutrient broth and 50 pl of 24 h
old bacterial culture (facells/ml) and allowed to grow at 37°C for 48 h. aiculate the MIC,
turbidity due to bacterial growth was observedasheconcentration. To avoid the possibility of
misinterpretations due to the turbidity of insokibtompounds, the minimum bactericidal
concentration (MBC) was determined by subculturiimg MIC dilutions on to the sterile agar
plates. The lowest concentration of the extract&kvimhibits the growth of tested bacteria are
observed and tabulated [21].

16S rRNA sequencing of promising endophytic bacteai

Genomic DNA extraction

The promising strains MB4 and MB8 were inoculatechutrient broth separately and incubated
overnight at 28°C. The culture was spun at 7000 fpn8 min. The pellet was resuspended in
400 pul of sucrose TE buffer. Lysozyme was addea ttnal concentration of 8 mg/ml and
incubated for 1 h at 37°C. To the tube, 100 ul.6f\ EDTA (pH 8.0), 60 pl of 10% SDS and 3
pl (20 mg/ml) of proteinase K (Amersham Biosciend¢SA) were added and incubated at 55°C
overnight. Extracted with equal volume of phendillocoform (1:1), centrifuged (10000 rpm: 10
min) and the supernatant was transferred to desteitbe. The supernatant was extracted twice
with phenol: chloroform and once again with chlorofi: isoamylalcohol (24:1) and ethanol
precipitated. The DNA pellet was resuspended inlstéistilled water and stored at 4°C for
immediate use and -20°C for further use [22].

Amplification of 16S rRNA genes

The universal eubacterial primers of F 5° AGAGTTTBZCTGGCTCAG3' and R 5
ACGGCTACCTTGTTACGACTT 3" were used for PCR amplification of highly variab
regions within the 16S rRNA gene [22]. Polymerabair reaction was performed in a 50 pL
reactionmixture containing 2 pl (10 ng) of DNA as the teatpleach primer at a concentration
of 0.5 umol, 1.5 mmol MgGland eaclieoxynucleoside triphosphate at a concentratioOof
pmol, as wellas 1 U of Tag polymerase and buffer (MBI Fermentas). After thmtial
denaturation for 3 miat 95°C, there were 40 cycles consisting of dea#itur at 95°Gor 1 min,
annealing at 55°C for 1 min and extension at 7#C2 min and then a final extension step
consisting of 5 mirat 72°Cin Mastercycler Personal (Eppendorf, Germany). Thelifiogtion

of 16S rDNA was confirmed by running the amplificat product in 1% agarose (Amersham,
USA) gel in 1 X TAE (Tris-Acetic Acid — EDTA [Ethgihe Diamine Tetraacetic Acid]) buffer.

Cloning and sequencing of 16S rRNA gene

The amplifiedproduct (1,500-bp) was purified using HiYi€dlGel/PCR DNA Extraction Kit
(RBC Biotech Corporationaccording to manufacturer’'s instruction. The 163ADamplicon
was cloned in pTZ57R/T vector according to the nfiacturer’s instruction (InsT/Aclori® PCR
Product Cloning Kit #K1214yIBl Fermentas). Sequencing of the 16S rRNA geneyai500-
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bp) for both marine isolates were carried out usiMl3F (-20) primer 5’

GTAAAACGACGGCCAGT 3, M13RpUC (-40) 5 CAGGAAACAGCATGAC 3 and

16SMP (-20) 5° GCCACATTGGGACTGAGACA 3’ in ABI PRISN310 Genetic Analyzer (PE
Applied Biosystems).

Phylogenetic inferences

Sequence analysis was performed with sequencekeilNCBI database using BLAST and
sequences were aligned by using the Clustalw pmegfde nearest described species with the
highest similarity identified.

RESULTS AND DISCUSSION

The endophytic bacteria isolated from the leaf daropll halophytic plant species belonging to
6 families. It reveals that, the counts were foummakimum inBruguiera cylindrica(21%) and
found minimum inAvicennia marina(1%) (Fig.1). Fourteen endophytic bacterial ssawere
selected based on the morphological characteribkiesform, elevation, margin and colour of
the colony (Table.1), which were subjected for Hmgibacterial sensitivity against chosen
bacterial pathogens. It shows that, the MB4 stsdiowed antibacterial sensitivity against 3
shrimp pathogens such Bscillus subtilis, Vibrio harveyand Aeromonas hydrophiland the
MB8 strain showed antibacterial sensitivity agaiBatillus subtilisand Serratia sp.However,

all the strains (MB1-MB14) did not showed antibaietiesensitivity against 6 poultry pathogens
and 6 human pathogens (Table.2). In MIC assayiBé crude extracts showed high sensitivity
againstBacillus subtilis, Serratia sp(250 pg/ml)and Aeromonas hydrophilgd500 pg/ml).
However, the MB8 crude extracts showed high sefiit{250 pg/ml) againsBacillus subtilis
and Serratia sp.(Table.3). Based on the sequence analysis, they g@guences of MB4 and
MB8 having high similarity alignment witBacillus sp.and the MB4 is identified aBacillus
thuringiensisand MBS is identified a8acillus pumilusBoth the nucleotide sequences of 16S
rDNA of rRNA gene partial sequences were depositethe GenBank under the accession
number FJ236808 and FJ236809 respectively.

Fig.1. Percentage occurrence and distribution of etophytes between halophytes

gy, 1% 6% 5% 5%

21% 18%

12% 1% 14%

O Suaeda monoica B Suaeda maritima O Salicornia brachiata
O Luminitzera racemosa B Sesuvium portulacastrur@ Rhizophora apiculata
B Rhizophora mucronata O Bruguiera cylindrica B Ceriops decandra

® Avicennia marina 0O Aegiceras corniculatum

Values are found significant among the plant spe(#®>0.01)
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Table 1. Morphological characteristics of endophyit bacterial strains isolated from mangrove leaves

Colony morphology

Strain no Colour of the colony Gram staining Shape
Forms Elevation Margin
MB1 Circular  Flat Entire Yellow Positive Cocci
MB2 Circular  Flat Entire Translucent Positive Cocci
MB3 Circular Raised Entire Orange Positive Cocci
MB4 Irregular  Flat Undulate White Positive Rod
MB5 Irregular  Flat Erose Orange Negative Rod
MB6 Circular  Convex Entire yellow Negative Cocci
MB7 Circular  Convex Entire Yellow Negative Rod
MB8 Circular Raised Entire White Negative Rod
MB9 Circular Raised Entire White Negative Rod
MB10 Circular Raised Entire Pale yellow Positive dRo
MB11 Irregular  Flat Lobate Dark yellow Negative Rod
MB12 Irregular  Flat Undulate Dry white Negative Rod
MB13 Irregular Raised Lobate Orange yellow Negative Cocci
MB14 Irregular  Flat Lobate pale white Positive Rod

Table 2. Antibacterial sensitivity of endophytic bateria against various bacterial pathogens

Name of the pathogens

Name of the isolated endophytic strains

MB1
MB2

MB3
MB4

MB5
MB6
MB7
MB8

MB9

MB10
MB11
MB12
MB13

MB14

Chicken pathogens

Eschrichia coli

Staphlococcus aereus

Salmonella sp.

Klebsiella sp.

Haemophilus parasalinarum - -

Pasterulla multocida

Shrimp pathogens

Bacillus subitilis

Serratia sp.

Vibrio parahaemolyticus

Vibrio harveyi

Aeromonas hydrophila

Human bacterial pathogens

Klebsiella sp.

Staphylococcus aureus

Pseudomonas aeruginosa

Streptococcus pneumoniae

Streptococcus sp.

Proteus morganii

+ : Sensitivity ; - : No Sensitivity
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Table 3. MIC and MBC (ug/ml) of crude extracts of MB4 and MB8 against shrimp pathogens

. . . _ . Aeromonas
Name of the Bacillussubtilis Serratia sp. Vibrio harveyi hydrophila
endophytes MIC MBC  MIC MBC  MIC MBC  MIC MBC
MB4 250 500 - - 250 500 500 500
MB8 250 500 250 500 -

Values are founéignificantamong the shrimp pathogens (P>0.01) and amongiitephytic (P>0.05)

Endophytes are a poorly investigated group of noigganism that represent an abundant and
dependable source of bioactive and chemically nogglpounds with potential for exploitation
in a wide variety of medical, agricultural, and ustrial arenas [23]. The mechanisms through
which endophytes exist and respond to their sudimgs must be better understood in order to
be more predictive about which higher plants tdks#ady and spend time for isolating micro
floral components. This may facilitate the proddistcovery processes.

The mangrove plant species are a valuable soureseftil metabolites and their endophytes
have gained more importance [24]. Hence, the ptedady was made an attempt to find out the
biodiversity of endophytic microorganisms in marit@lophytic plants. Mangrove and
mangrove associates are specially adopted growmpady plants found in between land and sea.
They have special adaptation such as salt excrgtanyl, stilt root, prop root, pneumatophores,
high content of phenolic compounds and more UV-dileg compounds [25]. Among the plant
species, theBruguiera cylindrica harboured maximum counts of endophytic bacterid an
Avicennia marinaharboured minimum counts. Contrastingly the ehgtip actinomycetes were
found maximum in the salt marsh plant speci&seda monoicand Salicornia brachiata
(unpublished data). The presence of maximum cdaris cylindricamight be due to the reason
that, the plant species always inhabited in watggéd condition but th&. marinaprefer to
inhabit in less water habitat and salt marshes gnave water less habitat. (Field observation).

The abundance and diversity of endophytic populatiaveraged £@nd 16 CFU/g (fresh wt.)

for the endosphere and endorhiza respectively, wiviere lower than those for the ectophytic
microenvironments, with £0and 16 CFU/g (fresh wt.) for the phyllosphere and rhizuee,
respectively [26]. A total of 853 endophytic stmiwere isolated from aerial tissues of four
agronomic crop species and 27 plant species. Hogfergreenhouse studies demonstrated that,
26 of 29 endophytes were recoverable from at least host other than corn and sorghum at
levels of up to 5.8 log CFU/g (fresh weight) [27].

Recently, it has been demonstrated that bacterddghytes may have beneficial effects on host
plants, such as growth promotion and biologicalt@drof pathogens [28-32]. In the present
study, 14 endophytic bacterial strains were isdldtem mangrove plants of these two strains
(MB4 and MB8) showed promising antibacterial a¢yiviThe preliminary study for antibacterial
activity by cross streak method indicated that ddlates have excellent antagonistic properties
[33]. A group of researchers reported seven endephgf 35 isolated strains were found to
antagonize bacterial and fungal pathogens [10]. Stheen MB4 has MIC values at 250 pg/ml
againstBacillus subtilis, Vibrio harveyand the strain MB8 showed MIC value of 250 pg/ml
againstBacillus subtilisand Serratia sp.Our previous reports reveals that, the endoptsgtain
ENS3 from the seagrasyringodium isoetifoliunand the endophytic strain ENC5 from the
seagrassCymodocea serrulatgposses MIC values of 125 pg/ml agairBseudomonas
aeruginosal21]. The MIC of M. jodocodoagainstE. coli was 2.75 mg/ml while that of.
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robustusagainstM. bourtardiwas 15.75 mg/ml[34]. Comparatively, the MIC valuasdound to
be minimum in the present study which showed tlomemic feasibility of the antibacterial drug
development from the marine halophytic endophytes.

These potential strains were identified Bacillus thuringiensisMB4) and Bacillus pumilus
(MB8) by using 16S rRNA sequencing group of researchers isolated endophytic bacfeom
bean nodules and identified Bacillus subtilisby using 16rRNA sequence analysis [35]. Many
researchers were identified endophytic bacterid®3 rRNA sequencing [35-37]. The partial
sequencing of the 16S rRNA genes of isolated engtephrevealed a broad phylogenetic
spectrum of bacteria, including members of the alpbeta, and gamma subgroups of the
Proteobacteria, high and low-G+C-content gram-pasibrganisms and microbes belonging to
the Flexibacter-Cytophaga-Bacteroides group [38].

It is concluded from the present study, the endbtipliacterial strains isolated from the leaves of
mangrove plants have promising antibacterial agtidgainst shrimp pathogenic bacteria.
Further study is in progress for the identificatimhactive chemical classes responsible for the
antibacterial activity.
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