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ABSTRACT

Plant roots are potential hosts to a plethora of beneficial microorganisms including mycorrhizal fungi, rhizobia
bacteria, antagonistic yeasts and endophytic fungi. Endophytic bacteria live symbiotically with the plant and in turn
helping the plant in number of ways. The present investigations were undertaken to isolate and identify bacterial
endophytes in root and leaf tissue of Prosopis cineraria plant growing at Pune, India. A total of two endophytic
bacteria were isolated from the parts of the plant .On the basis of the morphological and biochemical
characterization of the endophytes as well as 16SrRNA sequencing technigue they are identified as Bacillus subtilis
and Senotrophomonas maltophilia. Both the isolates Bacillus subtilis & Senotrophomonas maltophilia were
present in root tissue while only one i.e. Stenotrophomonas maltophilia isolated from leaf tissue. Studies on the
optimization of growth of the isolates were performed by varying pH & temperature conditions. The ability of
bacterial isolates were tested for different enzyme activity and also screened for sensitivity of different antibiotics.

Keywords: Bacillus subtilis, Stenotrophomonas maltophilia, Prosopis cineraria, 16S rRNA partial sequencing
technique, NCBI Gene Bank.

INTRODUCTION

Endophytes are group of microorganisms having Hiléyato enter inside the plant hosts colonizihg intercellular
spaces and also the xylem vessels. They existamge of tissues types within a broad range oftglarolonizing
the plant systemically with bacterial/fungal colesiand biofilms [10].They are ubiquitous, colonimest of the
plants, and have been isolated from almost alltplaramined till date. Endophytes are to live sytibally within
the plants. While growing inside the plant the etddes shows no visible symptoms of infection and
disease(Bacon and White, 2000). The close assmuiati endophytes with internal tissues of host plaas
increasingly gained them scientific and and commkiterest due to their potential to improve plgnality and
growth (Carroll, 2001: Schulz et al 2000).They déihicomplex interactions with their hosts which ahves
mutualism and antagonism. Their association caroldigate or facultative. Plants strictly limit trgrowth of
endophytes, and these endophytes use many meclsaioigradually adapt to their living environmenisorder to
maintain stable symbiosis, endophytes produce abkwempounds that promote growth of plants and hiedm
adapt better to the environment [17].Some of thdophytes are known to protect their host from beitigcked by
fungi, insect and mammals by producing secondarabudites (Zhang, 2007). Among them, endophytictdrie
are thought to interact closely with their hostri$a and therefore could be used as biologicalrobaigents in
sustainable crop production potentially (Sturz Bledvak, 2000; Taechowisan et al., 2003; Zhang ¢2808).
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Endophytes are known to supply nutrients to planfixing atmospheric nitrogen and solubilizing i@Wlarx 2004;

Porras- soriaano et al 2009). This ultimately le@disicrease in plant immune system as well aseptstplant from
infection by plant pathogens .studies have alsevehole of endophytes in removal of soil contamisgiBarac et.
al 2004; Doty et al 2009). Studies on endophyteg #ignificance and role in plant metabolism israportant area
to explore. Existing literature gives data on c@tation pattern as well as their effect on plamtvgh.

Endophytic population is known to vary from plaatglant and also from species to species. Sameespefcplant
may also show different endophytic population odagrat different regions. Hence temporal and ctimehanges
affect occurrence of entophytes (Nair & Padmava2iiy,4)

Prosopis cineraria (L) are a species of flowering tree of the Indi@sert belonging to family Fabaceae. It is a deep
rooted, nitrogen fixing, multipurpose tree endetoithe hot deserts of India [1].Almost all partsluE tree have lot

of medicinal value. It has anti -inflammatory, aotivulsant, antifungal, anticancer, antidiabetigpdiipidemic,
abortifacient, antioxidant, antimicrobial and woumehling properties. This is a preferred tree fmogorestry and

is a popular renewable source of fuel, fodder, &mand vegetables. The pods of this plant are lai®ovn to
contain steroids, alkaloids, flavaons etc. The whmant is used in indigenous system of medicina emmedy for
many diseases (Khandelwal et. al 2015). The daiatahe presence of endophyte in this plant is lesy.

The present studies was therefore undertaken &siigate and identify endophytic bacteria preseinhé tissue of
roots and leaves dProsopis cineraria plant. The technique of 16s rRNA partial sequegds also used for
identification of the bacterial species. Studiesrevalso performed on biochemical characterizatiénthe
endophytes and their ability to interact with diffiet antibiotics.

MATERIALS AND METHODS

A. Collection of the sample:

Two months old plant dProsopis cineraria were procured from a plant nursery near Aundh, Pane Maharashtra
in the month of January. These plant were maintaimeler controlled environmental conditions in we#ulated
plastic pots in the green house of Department otd8hnology, Modern College of Arts, Science & Coence,
Ganeshnkhind, Pune Maharashtra, India.

B.lsolation of endophytic bacteria fromProsopis cineraria roots and leave tissue

i. Surface sterilization

The root and leave sample of tReosopis plant were taken and processed separately. Heatfithyindamaged leave
and root were collected from the plant grown unztartrolled environmental conditions. These werenthashed
under running water and dried followed by surfazikization. Surface sterilization was done fingishing in 1%
savlon for 5 minutes. Subsequently these leavegaues of roots were treated with 0.1 % mercuhnioride for
surface sterilization. Two sets of experiment wdifierent timing for the sterilization were prepdr® standardize
the surface sterilization efficiency.

ii. Isolation of endophytic Bacteria

The samples of leaves and roots were cut into goedles and macerated separately in phosphater lmdffed 7.2
with a sterile pestle and mortar. Tissue extractewien prepared for tenfold dilution in sterildirsa Serial
dilutions (10°, 10°%, and 10’were prepared from this extract. For inoculatiOrsml of the aliquot was used on
Nutrient Agar medium. The inoculations were donériplicates separately for both roots and leadueés extract.
These plates were then incubated dt @7 Observations were taken after 48 to 72 hrsteBat colonies were
differentiated on the basis of morphological colatharacters. Bacterial isolates were picked fromtgsl and
purified by streaking techniques and incubated AC3 The isolation process repeated till monoculturese
obtained for further experimentations .The mediadusor isolation was Yeast Manitol Agar, Ashbeysd an
Picovasky's medium.

C. Characterization of endophytic bacteria

i) Morphological Characterization

a) Gram Staining Tests:

Gram staining was carried out by following standstadning procedures and techniques.
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The microscopic examination was performed withdihé@mmersion objective of the bright field micragme.

b) Motility Test:
A loopful of the bacterial culture taken for miccopic examination of motility of the bacteria iseld for
identification and characterization [10]. Slidesrevprepared by standard techniques.

ii) Physiological Characterization

a) Effect of pH on growth of isolates:

Optimization and standardization of growth of thelates on range of pH was studied by inoculatiegitolates on
nutrient broth media (Hi-media) having pH rangenird to 14. These were then incubated af@7%or 48 hours
[2].The growth was determined by taking optical slgnat 520 nm.

b) Effect of temperature on growth of isolates:

Effect of temperature on growth of isolates wasedeined by inoculating the isolates in nutrient tbrand
incubated at different temperature that is 8428°C, 37C, 50°C for 48 hours[10]Optical density at 520 nm was
measured.

iii) Biochemical Characterization

a)Catalase Test

Catalase activity of the isolates was estimatedisigg HO, solution onto the microscopic slides containing th
culture of the isolates separately. Observationsewaken for immediate bubble formation ,(© water =
bubbles).Release of,®ubbles indicated positive catalase activity [10]

b) Amylolytic activity:

Amylolytic activity was observed after inoculatitige isolates in nutrient agar with 1% starch of @B6. Culture
plates were treated with iodine after incubationique Clear zone was observed around colonies wcuinfg the
activity [10].

c)Urease activity
Isolates were grown on the medium containing uigar.aAfter incubation slant were observed for cleangits
colour from redish pink indicating positive ureaszivity

d)Antibiotic Sensitivity test

The isolates to be screened for their sensitfaityantibiotics were cultured on to the nutrienaaglate. Antibiotic
Kanamycin of varying concentration (5ug/ml, 50pug/arid 100ug/ml) used for treating the culture bingisvell
technique. The protocol was repeated for Ampiciind Amoxycillin antibiotic with concentration — §fml,
50ug/ml, 100ug/ml on separate plates. Culturestitaved for 24 hrs at 3C. The growth of the bacterial colonies
was observed and zone of inhibition measured.

Observations and Results -
Two bacterial colonies were isolated from roots and is isolated from leaf tissue extract. Two éaat colonies
isolate 11& Il were found to be of same speciesv&re common in both root and leaf tissue.

Table 1: Morphological characterization of endophyes

Colony characte | Isolate I/ rool | Isolate I/ root | Isolate IIV leaf
Size 4mmr 3mmr 3.7mm

Shape Circular Circular Circular
Colour Orange Yellowish Yellowish
Margine Regular Regular Regular
Opacity Opaque Opagque Opague
Elevatior Flai Flat Flat
Consistenc Smoott Smoott Smoott

Gram characters Gram positiyje  Gram negative  Grajative
Motility Motile Motile Motile
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Table 2: Screening of the isolates for enzyme acitiy

Organism Amylolytic activity | Urease activity | Catalase activity
Bacillus subtilis + + +
Senotrophomonasmaltophilia +

+ = Positive, - = Negative.

Table 3: Anti biotic sensitivity test

. Kenamycin pg/ml Ampicillin pg/ml Amoxycililn pg/ml
Name of Organism 5 50 100 5 50 100 | 5 50 100
- 5mm 8mm
Senotrophomonasmaltophilia | - - - imm diameter| diameter
Bacillus subtilis - -

- = No Zone.

Sequencing and analyses of DNA

The identification of the endophyte isolate strhiand 2 by the 16S rRNA gene partial sequencingreyserformed
at Genombio Technologies Pvt. Ltd., Pune, Indiagiine universal primers. The partial16S rRNA gehselective
isolate of each tissue extract was sequenced astmied in FASTA format. Finallyl6S rRNA sequentdhe
endophyte isolate was compared with that of otheactdrial sequence by way of BLAST
(http://www.ncbi.nim.nih.gov/BLAST/Blast.cgi). Thesult was compared with the sequence of GenBasédoan
partial 16S rRNA sequence to check the relationahib similarity with the endophytic isolate.

The sequence of strain 1 was found to be of 73& pass as follows:

GACGAACGCTGGCGGCGTGCTAATACATGCAAGTCGAGCGGACAGATGGGEACTTGCTCCTGATGTTA
GCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATMCTCCGGGAAACCGGG
GCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGATCGGCTACCACTTACA
GATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGERACGATGCGTAGCCGA
CCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTASGGAGGCAGCAGTAG
GGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGRGAAGGTTTTCGGATCG
TAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACTTGACGGTACCTAACCA
GAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGOAGCGTTGTCCGGAATT
ATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCGGCTCAACCGGGGAG
GGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCEGTGTAGCGGTGAAAT
GCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTACTGACGCTGA

The sequence of strain 2 was found to be of 61& pass as follows:

GTCGTGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACTACGGTGAAAGCAGGGGAT
CTTCGGACCTTGCGCGATTGAATGAGCCGATGTCGGATTAGCTAGTTGGCEBEGTAAAGGCCCACCAA
GGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGBACACGGTCCAGACTC
CTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCAGCCATACCGCGTGGG
TGAAGAAGGCCTTCGGGTTGTAAAGCCCTTTTGTTGGGAAAGAAATCCAGCGGCTAATACCTGGTTG
GGATGACGGTACCCAAAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGGGTAATACGAAGGGT
GCAAGCGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTCGTIWAGTCCGTTGTGAAAGC
CCTGGGCTCAACCTGGGAACTGCAGTGGATACTGGGCGACTAGAGTGTGRGAGGGTAGCGGAATT
CCTGGTGTAGCAGTGAAATGCGTAGAGATCAGGAGGAACATCCATGGCGAGGCAGCTACCTGGACC
AACACTGACAC
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Colonies on nutrient agar 107 Colonies on nutrisnt agar 108

Fig3:Growth of isolates from root and leaf on YMA
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Fig 5: A. lzolate 2 of root on Picovasky medium | B. Isolate 2 of leaves on Picovasky medium

Graph 1. Effect of pH on growth of isolates
Media: Nutrient Broth incubation: temp37°C  time: 2 Days
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Graph 2.Effect of temperature on growth of isolates
Media: Nutrient Broth incubation: temp37°C  time: 2 Days
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RESULTS AND DISCUSSION

Prosopis cineraria Linn is used in traditional medicines since mangrge However, new discoveries in this plant
research leads to development and opening of mamg areas to explore. The plant is now gaining irigrze to
develop some more new search for the future dexwsdop by understanding the gene level study. Thezefo
considering its versatile medicinal uses, them@nismple scope for future researchRoosopis cineraria and hence
further pharmacological investigations are warrdntendophytic bacteria are reported to enhancegtbeth of
plant and may also increase the supply of nutriemggants in turn helping in building the defemaechanism of
the plant.

The present investigations were undertaken todindthe presence of bacterial endophytes in rodtearf tissue of
this plant. By using nutrient agar and selectivedioma (YMA and Picovasky’'smedium) two endophytes aver
isolated from roots and one from leaves tissuédefglant. The characterization of these three tisslahowed that
one isolate from root was similar to the isolatanirthe leave tissue of the plant .Hence ultimateky endophyte
were present in root and leaf tissue of fPrsopis plant and further characterization and sequenevege
performed in these two isolates. Endophyte Isdlagelsolate 2 were not able to grow on Ashbey's med

On the basis of the morphological and biochemidwracterization of the endophytes as well as 16SAR
sequencing technique they are identifiedBasillus subtilis and Senotrophomonas maltophilia. The isolate | shows
99% identity toBacillus subtilis strain UD 1022, complete genome. The isolate 2nwsh@00% identity to
Senotrophomonas maltophilias train psk2.

The endophyt&enotrophomonas maltophilia was isolated from both roots and leaf tissue wretBaaillus subtilis
was present only in roots and absent in leaf tisSins is the first report on the isolation and agsion of
endophytic bacteria from roots and leave®iadsopis cineraria plant found in Pune, Maharashtra.

The sequences are submitted to NCBI GENE BANK &eg tire under process. Submission Id of these segse
is 1806120 and 1806135 respectively.

During present studies the endophytic bactBaeillus subtilisisolated from roots showed high amylolytic, catalas
and urease activity though only catalase activitgesved in Stenotrophomonamsltophilia(Table2). Sensitivity of
three different antibiotics at varying concentrativas also tested for these two endophyBasillus subtilis was
observed to be resistant to all three antibiotiaaakmycin, ampicillin &amoxicillinas no zone of ifition was
observed whereg&enotrophomonas maltophilia showed sensitivity to ampicillin at higher concetin (Table3).
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The optimum growth of botBacillu ssubtilis and Stenotrophomonas maltophilia was observed to be at pH 7 and
temperature 3T (Graph1&2). During present studies roots and fieafie were selected for isolation of endophytes
and it was found that the population density ame tyf the endophyte was more in root than in leaves

To conclude, two bacterial endophytes are isol&teth roots and leaf tissue & osopis cineraria plant. Both the
isolates Bacillus subtilis & Stenotrophomonas maltophilia were present in root tissue while only one i.e.
Senotrophomonas maltophilia from leaf tissue. Further research work is reqlieexplore more about the role of
these bacterial endophytes in the metabolism opkduet.
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