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ABSTRACT

Objectives: Isolation of endophytic bacteria from the of Beta vulgaris L. for production of pigment. Characterization of isolated bacterial endophyte
with respect to morphological, biochemical and molecular biological aspects which lead to their identification.

Methods: Plant materials were sterilized by standard methods. Isolation of bacterial endophyte using nutrient media was carried out. Sterility
check of explants was performed using two techniques. Morphological, biochemical and molecular biology methods were employed for
identification of isolated endophyte. Light microscopy and scanning electron microscopy, molecular gene sequencing was performed on endophytic
isolate KC1. Phylogenetic tree was constructed to find the similarity of KC1 and other bacteria.

Results: The isolate KC1 was found acoccobaccilus, gram negative, which gave a catalase positive reaction and after molecular identification, it was
designated as Serratiamarcescens strain VIT-PTS (GenBank Accession Number: K]716445.1)

Conclusion: The results indicate that 17 endophytic bacteria are isolated out of that one bacterial isolate KC1 secretes red pigment. Based on the
phylogenetic analysis of 16S rRNA gene sequences, isolate KC1 and Serratiamarcescens were in the same terminal clade. This bacterial pigment,

which is expected to be prodigiosin, is promising as potential textile and food colorant.
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INTRODUCTION

Endophytes are those microorganisms that inhabit inside of the
plants, especially leaves, stems, roots and show no apparent harm to
the host [1]. Almost all classes of vascular plants and grasses
examined to date are found to host endophytic organisms [2].
Different groups of organisms such as fungi, bacteria, actinomycetes
and mycoplasma are reported as endophytes of plant [3].
Endophytes are presumably ubiquitous in plant, which depend on
the host species and location and they have been recognized as a
valuable source of novel bioactive metabolites [4]. Utilizing
microorganisms (especially the fungi) to produce some chemicals
and bioactive compounds production by fermentation is highly
promising because it could be further enhanced by optimizing the
fermentation techniques or meliorating the seed of microorganisms.
The endophytes may provide protection and survival conditions to
their host plant by producing a plethora of substances which, once
isolated and characterized, may also have potential for use in
industry, agriculture, and medicine which include carotenoids,
flavonoids, anthocyanins and some tetrapyrroles [5].

During last few years, interest in synthetically derived pigments has
decreased due to their toxic, carcinogenic, and teratogenic
properties and attention towards microbial sources have increased
as safe alternatives [6]. Several species of algae, fungi and bacteria
have been exploited commercially for the production of pigments
[7]. Microbial pigments are of industrial interest because they are
often more stable and soluble than those from plant or animal
sources [8]. Microorganisms can grow rapidly which can lead to high
productivity and can produce a product throughout the year [9].
During last decade, plenty of secondary metabolites from these
microorganisms has been tested to have applications as medicinal
and agrochemical candidates [10]. Nowadays, the utilization of
natural pigments in foodstuff and feedstuff has been increased due
to the marketing advantages of employing natural ingredients [11].
Bacterial groups are significant natural-pigment sources because
bacterial pigments could easily be produced in high quantity via
fermentation technology and potential application of metabolic
engineering tools. Many of the endophytic bacterial strains have
attracted special attention because they have the capability of

producing different colouring pigments with high chemical stability
[12]. Bacterial endophyte KC1 isolated from the leaves of Beta
vulgaris L. in biochemistry laboratory displayed strong ability to
produce red pigment.

In the last few decades, a considerable amount of knowledge has
accumulated on the biology of endophytic microorganisms and
scientists have focused their study on endophytes. The mutual
relationships between entophytic microbes and respective host
plants, taxonomy and ecology, etc. of endophytes are being
studied. Beet root (Beta vulgaris L) belongs to the family
Chenopodiaceae. Beet root is a biennial plant which has been
cultivated in many part of India. It is commonly known as
chukandar, beet root or garden beet. The main pigment in the beet
root is betanin (red betacynin) along with other pigment yellow
betaxanthins; both are water soluble. Bacterial endophyte KC1,
isolated from the leaves of Beta vulgaris L. in the present study, we
performed the identification of this isolate using morphological and
molecular techniques. Morphological examination depended mainly
on light microscope and scanning electron microscope
(SEM),phylogenetic analysis of 16S rRNA gene sequences was
combined with traditional methods.

MATERIALS AND METHODS
Sample collection

The plant material was collected from the various places of Ranchi.
For isolation of endophytes, healthy and mature plants of Beta
vulgaris L. (13-14 weeks old) were carefully chosen and collected
during August 2014. Leaves, roots and stems of selected plants were
carefully cut out and packed in sterile zip-lock plastic bags. Collected
samples were brought to the laboratory.

Surface sterilization, isolation and culture of the endophytic
bacteria

Explants were cleaned under running tap water initially. Samples
were surface-sterilized successively with 70% ethanol for 5 min,
rinsed with sterile water and then treated with 7-8 drops of
tween20 for 10 min for gentle reduction in surface tension and to
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allow the sterilizing agent to reach into niches and grooves beyond
the epidermal cells [13]. This was followed by sequential immersion
of each plant parts in 2% bavistin solution for 10 min and then in
0.1% HgCl; for 10 min under laminar air flow chamber. To remove
the disinfectants explants were rinsed three to four times with
sterilized distilled water then blotted into autoclaved tissue paper
[14]. The surface sterilized explants were cut into approximate 0.5 x
1x 0.5 cm pieces using a sterile blade and placed on nutrient agar
petri-dishes [15]. The plates with explants were sealed using
paraffin and incubated at 28+ °C in order to recover the maximum
possible entophytes. The observation is recorded after six to seven
days. After a few days the bacterial cultures were repeatedly
streaked in order to achieve pure endophytic isolates. The isolates
were preserved on nutrient agar (NA) slants and stored at 4 °C.

Sterility checks for sterilized explants used for
endophyteisolation

This has been done by using following two methods.

(1) As per the method given by Pleban et al. (1995) surface sterilized
plant tissues were imprinted onto nutrient media [16].

(2) The last rinsing water was cultured on the nutrient medium by
using the method given by McInroy and Kloepper (1994)[17].

If no microbial growth occurs on the control petri-plate contains NA
medium, surface sterilization is considered complete.

Morphological and biochemical identification of the endophytic
bacteria

For observing the general colonial morphology, the strain was
cultured on NA plates at 28+1 °C for 24 hrs. Macroscopic
characteristics of the colony such as such as the shape, size, color,
surface texture morphological the elevation, form and margin, were
recorded by using the criteria described by Harley and Prescott
(2007)[18].

Microscopy

Microscope (Olympus CH20BIMF200, Japan) at a magnification of
5X, 10X, 45X and 100X. Was employed to capture images. Bacteria
were also subjected for scanning electron microscope (SEM) (Ho et
al. 1999)[19]. The specimens were first fixed with 2.5%
glutaraldehyde inphosphate buffer (PBS, pH6.8) was carried out
followed by incubation for more than 4 h in room temperature. The
specimens were dehydrated by a graded series of ethanol (50, 70,
80, 90 and 95%, 100) for about10 min at each step of ethanol for
every 10 min and followed by 100% ethanol for 20 min. The cells
were substituted with 100% acetone for 20 min and then freeze
dried and coated with gold-palladium and were examined with a
scanning electron microscope at different magnification under a
SEM (Jeol, JSM-6390LV, Japan) at an accelerating voltage of 5 kV.

DNA extraction, PCR amplification, cloning and DNA sequencing
of endophytic bacteria isolate KC1

For DNA extraction, PCR amplification, cloning and DNA sequencing
from the DNA of isolate KC1, were cultured in 500 ml Erlenmeyer
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flasks containing 100 ml of nutrient broth with 120 rpm for 24 hrs at
28+1 °C. The bacterial mass was harvested by centrifugation. DNA
was extracted from cultured bacteria by using a Takara Genome
DNA Extraction Kit (Takara, Dalian, China) according to the
manufactures’ specifications. Polymerase chain reaction (PCR)
amplification and sequencing of isolated 16s rRNA gene was carried
out using a Takara 16s rDNA bacterial Identification kit. Five
microliters (5 pl) of the extracts DNA was amplified with primers
704 Fand 907R, for generation of a PCR product corresponding to
nucleotide positions 27 to 1492 of the Escherichia coli 16S rDNA
sequence. All reactions were carried out in 50 ml volumes,
containing 12.5 p mol of each primer, 200 mM of each dNTP, 2.5 ml
of 103 PCR buffer (100 mMTris-HCl, 15 mMMgCl2, 500 mM KCl; pH
8.3), and 0.5 U of Tag DNA polymerase (Roche Diagnostics,
Mannheim, Germany) and increased to 50 ml with sterile water.
DNA amplification was performed for 30 cycles and the PCR cycle
was set as initial denaturation 94 °C for 5 min, followed by cooling,
denaturation 94 °C for 1 min, annealing at 55 °C for 1 min and final
extension at 72 °C for 10 min. Five microliters (5 pl) of PCR products
was visualized by electrophoresis in 1.2% (w/v) agarose gel and
with ethidium bromide (0.5 mg/ml) staining. To verify the presence
of appropriate sized amplicons, the PCR products were subjected to
electrophoresis in 1.2% agarose gel according to standard methods.

Phylogenetic analysis

Isolate KC1 sequence of 16S rDNA obtained was subsequentlyused
as query sequence to search similar equences from Genbank using
the basic local alignment search tool (BLAST) at the national center
for biotechnology information (NCBI) and percent homology scores
was generated to identify bacteria. Bacteria with 16S rDNA
sequences>98% similarity was considered to be of the same
phylotype. Each 16S rDNA sequence was compared by using the
BLAST alignment program with data available from Gen Bank at the
National Institutes of Health. The computer alignment provides a list
of matching organisms, ranked in order of similarity between the
unknown sequence and the sequence of the corresponding organism
from the database. The percentage and absolute number of matched
base pairs from each BLAST match was reported. Bacterial 16S
rDNA sequences were also aligned with near neighbor sequences
using the Clustal W program and phylogenetic relationships were
inferred using a maximum likelihood algorithm (Phylip package).
Phylogenetic trees were constructed by the neighbour-joining
method (Saitou and Nei, 1987) using the PHYLIP version 3.6
software package [20].

RESULTS AND DISCUSSION

The method used for surface sterilization of Beta vulgaris has been
optimized. After two weeks of incubation at 28 °C,a bright red colour
endophytic bacteria (isolate KC1) was isolated from the leave
explants of Beta vulgaris L.(fig. 1 a&b). The physiological and
biochemical characterization of bacterial endophyte has been done.
Based on morphological and partial biochemical characteristics,
isolate KC1 was found a motile, coccobaccilus, Gram negative
bacterium with red colonies, which gave a catalase positive reaction
as described in table 1.

Fig. 1: Endophytic bacteria isolate KC1 grown on B. vulgarisL. leaf after 8-10 days of incubated at 28 °C
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Table 1: Morphological and biochemical characteristics of the endophytic isolate KC1

Morphological characteristics

Parameters Observation
Isolate KC1

Species identified as Serratiamarcescens
Cell shape Coccobaccilus

Size (um) Diameter 0.8+0.03

Length 1.2+1.0

Gram staining Negative

Colony Bright red colour
Outer edge of colony Entire

Elevation Umbonate

Oxygen requirement
Spore stain
Motility

Facultative anaerobes

+

Note: Positive results: + Negative results: -

Biochemical characteristics

Extracellular Enzymes
Catalase

Urease

Lipase

Biochemical Tests
Indole

Oxidase

Citrate

Sugar Fermentation
Glucose

Sucrose

Lactose

Fructose

Mannose

Rhamnose

Gelatin Liquefaction

+

+ o+ o+ o+

The basic cellular morphologies of colonies of isolate KC1 in petriplate
showed brightred colour smooth edged colonies. Light microscopic
view of coccobaccilus, gram negative endophytic bacteria KC1 strain,
Scanning electron microscope (SEM)showed that bacterium is
coccobaccilus as shown in fig.2 (a), 2 (b) and 2 (c). As per above
characteristics described below, isolate KC1 may be placed under
species of Enterobacteriaceae. Further study found that this

endophytic bacterias uperficially resembled Serratiamarcescens,
Serratiarubidaea, these two kinds of species have ability of secreting
complicatedred pigments into the media and S. marcescens produces a
reddish-orange tripyrrole pigment called prodigiosin.

However, it is difficult to identify this kind of bacteria to species
level accurately.

5kv X25000 1um 0000 1941SEl

Fig. 2: (a) Morphological examination of isolate KC1 from Beta vulgaris L. grown on nutrient agarmedia in 11 cm (diameter)petri-plate for
16 h at 28 °C (b) Light microscopic view of isolate KC1 (Bar = 10 pm) (c) Scanning electron micrograph of KC1 bacterial isolates under
25,000X magnification

Therefore, molecular method was used for obtaining more
taxonomic information. DNA was isolated from the culture (isolate
KC1). Quality was evaluated on 1.2% agarose gel, a single band of
high-molecular weight DNA has been observed. Fragment of 16S
rDNA gene was amplified by PCR using 8F and 1492R from the

above isolated DNA. A single discrete PCR amplicon band of 1500 bp
was observed (fig.3). The PCR amplicon was purified and further
process for the sequencing. Forward and Reverse DNA sequencing
reaction of PCR amplicon was carried out with 704F and 907R
primers. Consensus sequence of 1450 bp 16S rDNA gene was
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generated from forward and reverse sequence data using aligner
software. The 16S rDNA gene sequence was used to carry out BLAST
alignment search tool of NCBI genbankdatabase. Based on maximum
identity score first fifteen sequences were selected and aligned using
multiple alignment software program Clustal W. Distance matrix
was generated using RDP database. The evolutionary history was
inferred using the Neighbor-Joining method [21]. The bootstrap
consensus tree inferred from 1000 replicates [22] is taken to
represent the evolutionary history of the taxa analyzed [23].
Branches corresponding to partitions reproduced in less than 50%
bootstrap replicates are collapsed. The percentage of replicate trees
in which the associated taxa clustered together in the bootstrap test
(1000 replicates) is shown next to the branches [23]. The
evolutionary distances were computed using the Kimura 2-
parameter method [23] and are in the units of the number of base
substitutions per site. The analysis involved 16 nucleotide
sequences. Codon positions included were 1st+2nd+3rd+Noncoding.
All positions containing gaps and missing data were eliminated.
There were a total of 1445 positions in the final dataset.
TheEvolutionary analyses were conducted in MEGA 5[24]. In the
light of the 16S rRNA genes sequences of isolateKCland other 11
representative reference taxa, the NJtree revealed distinctly that
endophytic bacterium KC1 fromB. vulgaris L. is as a member of the
Serratiamarcescens (fig. 4)which is identical with the result of
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morphological identification. In the NJ tree, bactrialendophyte sp.
KC1 formed a monophyletic clade with Serratiamarcescens strain
VIT-PTS (GenBank Accession Number: K]J716445.1) with 100%
bootstrap support.

Fig. 3: PCR amplification of single 1.5 kb of 16 S rDNA
amplicon16S rDNA gene on an agarose gel (1.2%). Lane 1: 1.5kb
DNA (16S rDNA amplicon); Lane 2: DNA marker (1kb ladder).
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Fig. 4: Neighbor-joining tree of Bacterial endophyte species KC1based on 16S rRNA gene sequences. Confidence values lessthan 50%
obtained from a 1,000-replicate bootstrap analysis are shown at the branch-nodes

The two methods used by three different scientists, mention above
for validation of sterilization technique gave comparable results, the
growth of microorganisms were found in control NA petri-plates
were discarded, if no microbial growth occurs on the control NA
petri-plates medium were used for this study therefore, so by using
these two techniques we confirmed that this isolate is endophyte
and not epiphyte. From different parts of B. vulgaris total seventeen
strains of endophytic bacteria have been isolated and preserved.
Isolate KC1 was only isolate which was able to secrete red pigments.
Molecular techniques have been widely applied in identification
ofendophyticbacteria[25]. It is difficult task to use traditional
biochemical, morphological identification methods to identify the
strains to the species level. As per the phylogenetic analysis of 16S
rRNA gene sequences,isolate KC1 and Serratiamarcescenswere in the
same terminal clade. Referring to the traditional morphological
observation, isolate KC1 belonged to Serratiamarcescens. These
bacterial pigments, may be prodigiosin, which is a promising
potential textile and food colorants [26]. However, the safety of this
strain and its products is unknown. More research should be carried
out to ensure that the strain as a potential source of food and textile
colorant is nontoxic and nonpathogenic.

The composition and bioactivity of the pigment produced by
isolate KC1, Serratiamarcescens, is in progress and will be
further studied and results for the same will be published
thereafter.
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