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ABSTRACT

Endophytic bacteria isolated from the various parts such as leaf, rachis, rhizome and root of Thelypteris interrupta
(wild.) K. lwats were screen for Indole Acetic Acid (IAA) production. Two isolates STL1 and RT5 were identified as
Kocuria flava (MZ310566) and Bacillus sp. (MZ310573) respectively based on 16s rDNA sequencing were produce
significantly high amount of IAA (260ug/ml) in the presence of tryptophan. The enzymatic activities, sugar
fermentation and antimicrobial agent resistance abilities of the isolates were recorded. In vitro application of
those isolates for growth promotion resulted to increase in the root, shoot length, primary and secondary leaf
length, biomass, chlorophyll and protein content as compared to the control.
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Endophytic bacteria are those bacteria that live within
the plant tissue without causing any apparent disease
symptoms or gaining benefit other than residency. Plants
constitute large and diverse niches for endophytic organisms
and are ubiquitously associated with almost every plant
studied. Endophytic bacteria can form a range of different
relationships such as symbiotic, mutualistic, commensal and
trophobiotic [1]. The population of endophytic bacteria is
larger in roots and gradually decreases in stems and leaves
[2]. Literature survey revealed that many endophytic
bacteria were isolated from roots, stems, leaves, flowers,
fruits and seeds of various monocot and dicot plants [3] but
very few were reported from pteridophytes [4-6]. It is
evident that endophytic bacteria have played a crucial role in
plant growth, development and yield by producing a wide
range of phytohormones, like auxins, cytokinins, and
gibberellic acids [7]. Indole -3- Acetic Acid (IAA) is the
principle and the first auxin sequestered from plants [8] and
it is considered as the most important signaling molecule
among the different plant growth regulators that regulates
plant growth and development including organogenesis,
tropic responses, cell division and differentiation, and gene
regulation [9]. Various endophytic bacterial strains possess
the ability to produce IAA and help the plant growth
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promotion significantly. It has been shown that the bacterial
IAA increases the root surface area and length and thereby
increasing nutrient uptake by plants [10] and also loosen the
plant cell walls facilitating an increased amount of root
exudates which increases microbial activity [11]. In recent
years, isolated indole-3-acetic acid (IAA) producing
Micrococcus luteus from Helianthus tuberosus L. that
increased height, shoot and root weight, root length, root
diameter, root volume, root area and root surface of the plant
[12]. Mukherjee et al. [4], isolated an endophytic bacterium
Bacillus from the pteridophytes Ophioglossum reticulatum
having IAA producing ability. T. interrupta is semi-aquatic
or terrestrial, herb, lower pinnae not or little reduced,
rhizome long, creeping, scales flat, thin, scales without
superficial hairs. The immature leaf crosier has been sold in
the local market of Bolpur as well as in the local market of
Durgapur, Asansol etc. as “Dhekhi Sak™. This plant is also
used as fodder. In ethno medicine it is used in stomach
problems, diarrhoea, as anticancerous, antiviral and
antibacterial agents [13]. In the present study, endophytic
bacteria from the surface sterilized leaf, rachis, rhizome and
root of T. interrupta were isolated, characterized and
evaluated their potentiality for the production of IAA.

MATERIALS AND METHODS

Collection of plant materials

The plant (Fig 1) materials were collected from khoai
(23°41'515” N, 87°40'309” E and Elevation: 200ft)
Santiniketan, Birbhum, West Bengal. The healthy plants
along with soil were collected in a zipper pack, brought to
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the laboratory and the isolation process was proceeds within
two hours. Till then the plant materials were stored at 4°C
temperature in refrigerator. Herbarium specimens were
prepared in triplicate following the standard protocol [14]
and submitted in the departmental herbarium (VBBOTSS
0110F).

V38 129 *PYHVLYN

Fig 1 Thelypteris interrupta (Wild.) K. lwats

Isolation of endophytic bacteria

Bacterial endophytes were isolated from 1gm of leaf,
rachis, rhizome and root of healthy T. interrupta. separately.
The collected parts of the plant were washed thoroughly
under running tap water and then distilled water and
transferred to the sterile glass vial for surface sterilization.
The samples were surface sterilized by performing a
consecutive immersion in 70% ethanol for 2min, sodium
hypochloride (4% wi/v available chlorine) for 4min, and
70% ethanol for 30sec followed by five rinses of sterile
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distilled water. For the confirmation of the effective
decontamination, 100 pl aliquots of the sterile distlled water
that was used in the final rinse was plated on to tryptic soya
agar (TSA), (Sigma - Aldrich) and incubated at 28-30°C for
24-96 hours and observed the presence or absence of the
growth of microorganisms. For bacterial isolation, the plant
samples were fully pestle with 10 ml of phosphate buffer
saline (PBS) in a mortar and kept it for 60 minutes for
natural precipitation. Then the supernatant was taken and
serially diluted up to 102 dilution with PBS and checked for
bacterial count. All the samples were observed to have a
countable number of bacteria at 10° dilutions. So, this
dilution was used to isolate the endophytic bacteria. 100 pl
of aliquots of the serially diluted samples were plated on
TSA medium in triplicate. Plates were then incubated at 28-
30° C for 24 to 96 hours and observed for the growth of
bacterial colonies. By the process of diluting streaking
method, morphologically distinguishable bacterial colonies
were isolated in pure form and maintained by regular sub-
culturing on the same media.

Screening for Indole-3-acetic acid producing endophytic
bacteria

Production of indole-3-acetic acid (IAA) by the
endophytic bacteria was determined following Salkowski
colorimetric assay. Endophytic bacterial isolates were grown
in tryptophan broth at 28-30°C for 96 hours on a rotary
shaker. The broth culture was centrifuged at 10,000 rpm for
10 min. After that 1ml of supernatant was collected and to
this 2 ml of salkowski reagent (2ml 0.5M FeCls, 49 ml
distilled water and 70% perchholic acid) and 3 ml of
distilled water was added. The absorbance of the samples
was read at 530 nm using UV Vis Spectrophotometer after
incubation for 30 min in dark at room temperature for the
development of pink colour. The quantitative estimation of
IAA was done from the standard curve prepared in the same
way with authentic IAA from Sigma Aldrich (USA).
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Fig 3 Scanning electron micrograph of isolated bacterial strains: A-Kocuria flava, B- Bacillus sp.

Identification of selected endophytic bacterial isolates

For phenotypical characterization colonies of
endophytic bacterial isolates were characterized after 24-96
hours postinoculation for the following traits: colony size,
colour, form, elevation, margin, transparency, cell shape,
cell size, gram nature, endospore and motility following the
standard laboratory method (5-7). For morphological
characterization, light microscopic  (zeiss trinocular
microscope and Cells were measured using the software
Axion Vision LE, version 4.8.2.0.) as well as scanning
electron microscopic (SEM) (Gemini SEM450-8216010130)

studies were carried out (Fig 3). For SEM studies bacterial
cells were prepared by following the method of Mandal et
al. [15] with slight modification and were sprayed on cover
glasses. All the cover glasses were coated with gold using an
ion sputter (Coater IB-2, Gike Engineering, Japan) and
observed under SEM. Determination to the ability of
production of hydrolytic enzymes by the isolates was done
by performing a screening test for catalase, oxidase,
protease, amylase, and cellulase [16-17]. Fermentation of
carbohydrates was carried out in a fermentation tube
containing Durham tubes and phenol red is used as p"
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indicator. Positive fermentation reaction changed the phenol
red to yellow due to the production of acid or produce gas
which is trapped in the Durham tube along with the
production of acid.

Molecular identification was conducted using 16s rDNa
gene sequencing

DNA was isolated from the pure culture and its
quality was evaluated on 1.0% Agarose Gel, a single band of
high-molecular weight DNA has been observed. 16S rDNA
gene fragment was amplified by 27F and 1492R primers.
One discrete PCR amplicon band of 1500 bp was observed
when resolved on Agarose gel. The PCR amplicon was
purified to get rid of contaminants. Forward and reverse
DNA sequencing reaction of PCR amplicon was
administrated with forward primer and reverse primers using
BDT v3.1 Cycle sequencing kit on ABI 3730xI Genetic
Analyzer. The consensus sequence of 16S rDNA gene was
generated from forward and reverse sequence data using
aligner software. The 16S rDNA gene sequence was used to
carry out BLAST (Basic Local Alignment Search Tool) with
the database of NCBI (National Centre for Biotechnology
Information) GenBank database. Supported maximum
identity score first ten sequences were selected and aligned
using multiple alignment software program Clustal W.
Distance matrix was generated and the phylogenetic tree
was constructed following Kimura’s two parameter model
[18] using MEGA 7 using neighbor joining method with
1000 bootstrap values [19].

Antibiotic Sensitivity test

Antimicrobial agent resistance of the endophytes
were done individually using the recommended working
concentrations i.e. 100 pg/ml for ampicillin and
streptomycin, 50 pg/ml for kanamycin and rifampin, 25
pg/ml for chloramphenicol and 15 pg/ml for tetracycline.
Endophytes were considered sensitive to an antibiotic if no
visible growth were observed on plates containing antibiotic
when there was visible growth on control plates after
incubation [20].

Effect of IAA producing Endophytic bacteria on plant
growth

Vigna unguiculata (L.) Walp. Seeds were taken and
washed with running tap water and surface sterilized with
70% alcohol for 2-3 minutes, 0.2% Mercuric chloride
(HgCly) for 5 mins respectively. After that surface-sterilized
seeds were rinsed thoroughly with sterile distilled water for
several times to remove the traces of HgCl,. Seeds were
allowed to germinate in aseptic conditions using paper towel
method with slight modification [21]. The germinated roots
were treated with respective bacterial culture (1.3x 107) for
24 hours at 30-30°C and sowed in a plastic pot containing a
mixture of sterilized soils and vermicomposts (3:1 v/v) and
allowed to grow in a natural environment. After 10 days of
the seedling plantation again soil was treated with bacteria
culture. The plants were assed for shoot length, root length;
primary- secondary leaves count, Biomass, Chlorophyll,
Protein content at the age of 30 days and compared to the
untreated control plant.

Shoot length measurement

The shoots of all the plantlets were excised and
measured manually using scales. The average shoot
measurement for each pot was calculated.

Root length measurement

All the plantlets were removed gently from pots and
every root of every plantlet was measured manually using
scale. The average root measurement for every pot was
calculated.

Biomass estimation

Plants were blotted dry and weighed after the
harvesting period and biomass was calculated on dry weight
basis (g). For the determinations of dry weight fresh plant
tissues were kept separately in hot plate at 100°C till a
constant weight is obtained.

Chlorophyll estimation

For the total chlorophyll estimation, the Arnon’s [22]
method was employed. About 100 mg of fresh debris free
leaves were taken and crushed with 10 ml of methanol and
centrifuged at 5000 rpm for 10 minutes. Take the
supernatant and the volume was made up to 10 ml by adding
methanol to the supernatant. The residual part was kept apart
for protein estimation. Development of the colour was
measured at 650 nm. Then chlorophyll content was
calculated by using Arnon’s formula. The concentration of
chlorophyll was expressed as mg/gm tissue.

Protein estimation

Total estimation of protein was determined by the
Lowry’s [23] method. The hot air-oven dried pellet (residual
part from chlorophyll estimation) was digested in 2 ml of 1
(N) NaOH solution for one hour at 80°C in a hot water bath.
Then centrifuged at 5000 rpm by addition of 2 ml of
distilled to each. Take 0.2 ml supernatant of plant extract
and volume was made up to 1 ml by adding distilled water.
After that 1 ml of reagent A (mixture of 10% Na2Co3 in 0.5
(N) of NaOH solution, 1% cupric sulphate (CuSO4, 5H20)
solution and 2% sodium — potassium tartarate solution in the
ratio of 20: 1: 1) was added to the diluted extract. About 5
minutes later 0.5 ml of reagent B (1: 2 Folin — Ciocalteau’s
phenol reagent from the original stock solution with distilled
water) was added to the reaction mixture. Then the final
reaction mixture was shaken vigorously and left for 20
minutes at room temperature.

A blue colour appeared which indicated the presence
of protein in the reaction mixture. Then 2.5 ml of distilled
water was added to the extract mixture and the absorbance
was read at 650 nm. The total content of protein in plant
extract was determined by comparing with a standard curve
prepared from Bovine Serum Albumin (BSA). The
concentration of proteins was expressed as mg/gm tissue.

Statistical analysis

All experimental data were entered in a Microsoft®
Excel 2010 spread sheet and mean was calculated and the
standard deviation value was given in graph.

RESULTS AND DISCUSSION

Endophytic bacterial colonies were observed on
tryptic soya agar plates after 48-96 hours of incubation. In
this present study, a total of 31 morphologically
distinguishable endophytic bacteria from different parts of T.
interrupta were isolated. Most of the isolates showed the
production of IAA in the presence of tryptophan but the only
two isolates STL1 and RT5 produce greater than 60pg / mi
of IAA (Fig 2). Preliminary characterizations of these two

¢ CARAS



Res. Jr. of Agril. Sci. (Nov-Dec) 12(6): 2037-2043

isolates were done on the basis of phenotypical (Table 1)
and biochemical characteristics (Table 2). It was observed
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that. STL1 is non-motile gram-positive coccus in nature and
RTS5 is motile gram-positive rod.

Table 1 Micromorphological characteristics of bacterial isolates

Colony morphology

Cell . Gram -
Isolates Ccs)ilggly Colour Form Elevation Margin Transparent shape Cell size (pm) nature Endospore Motility
Kocuria . . .
flava Small Yellow Circular Convex Entire  Opaque Coccus 0.59-1.08dia +ve - -
Bacillus . . . 2.68 —5.29 x
sp Large White Circular Ubonate Entire  Opaque Rod 081_211 +ve - +

Table 2 Biochemical characterization of the endophytic
isolates

Production of enzymes

Isolates - talase Oxidase Protease Amylase Cellulase
Kocuriaflava  + - - * N
Bacillus sp + + + + ki

Table 3 Carbohydrate fermentation

Carbohydrates

Isolates -
Glucose Lactose Mannitol

Kocuria flava - - -
Bacillus sp AG A A

A-Acid, AG- Acid and Gas

70 -
1AA (pg/ ml)
60 -
50
T 40 -
~—
%30 -
20 -
10 - I I
. 1 N 1

RT5 STRH6 STRAZ2 STL1  STL2  S5TL6  STL7

Fig 2 IAA production by the endophytic bacteria isolated T.

Enzymatic screening of these endophytic bacterial
isolates showed that STL1 can produce catalase and
cellulose while RT5 can produce catalase, oxidase, amylase,
protease, cellulase (Table 2). Sugar fermentation profile
(Table 3) of these two endophytes showed that only RT5
could ferment glucose, lactose and sucrose. It has been
observed that STL1is sensitive to all antibiotics tested and
RT5 shows resistance to streptomycin, kanamycin and
chloramphenicol (Table 4).

The endophytic bacterial isolates were further
directed to DNA extraction, 16s rDNA gene amplification
and sequencing. BLAST results showed the identity of
isolates STL1 towards Kocuria flava and TRT5 towards
Bacillus sp. The 16S rDNA gene sequences of STL1 and
RT5 were submitted to GenBank under accession numbers
MZ310566 and MZ310573respectively.respectively. The
isolates STL1 and RT5 showed high similarity with Kocuria
flava and Bacillus sp. respectively based on nucleotide
homology and phylogenetic analysis. A phylogenetic tree of
closest related sequences obtained from NCBI was
constructed by using neighbour-joining method with 1000
bootstrap values (Fig 4).

All the plantlets grown in pots supplied with
respective endophytic bacterial cultures showed varied
growth patterns after 30 days of the seedling (Fig 5). It
showed that the seeds were treated with the isolates STL1
and RT5 increase of shoot and root length, primary and
secondary leaf count (Table 5), biomass, chlorophyll and

interrupta protein content (Fig 6-8) as compared to the control.
Table 4 Antibiotic resistance tests of the isolates
Antibiotics
Isolates Ampicillin Streptomycin Tetracycline Kanamycin Chloramphenicol Rifampicin
(200 pg/ml) (200 pg/ml) (15 pg/ml) (50 pg/ml) (25 pg/ml) (50 pg/ml)
Kocuria flava S S S S S
Bacillus sp S R S R S

Table 5 Growth assessment of pot experiment by IAA producing endophytic bacteria on seed germination

Growth assessment

One-way ANOVA
a=0.05

*Significant difference with control

Control Kocuria flava Bacillus sp.

F-value: 3.56

Root Length 7.83 9.63 (*) 8.93 P-value: 0.03
F-value: 60.78

Shoot length 17.33 22.7 (%) 25.26 (%) P-value: 0.004
. F-value: 12.509
Primary leaves 5 6.96 (*) 6.53 (*) P-value: 0.002
F-value: 11.15

* *
Secondary leaves 2.6 5.26 (*) 5.6 (*) P-value: 0.003
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a5 — MH412993.1 Kocuria flava strain PRA3
—— KY928101.1 Kocuria flava strain M4

]

KJ948604 1 Kocuria flava strain PA3

KP639593.1 Kocuria sp. MNmon19 SNSum1
JX007971.1 Kocuria flava strain S43

KY655417 1 Kocuria sp. strain EA316
WMZ452936.1 Kocuria flava strain LUK

45

— LT223584 1 Kocuria flava Marseille-AA00267
53— STL1
MGT733581.1 Kocuria flava strain APBSWPTB108

0.01 100

61 MZ359912 1 Bacillus sp. strain FYF10

77

MZ359900.1 Bacillus sp. strain FYFO4
MZ359902.1 Bacillus sp. strain FYFOT

MZ496951 1 Bacillus sp. strain megaterium-h1

100

MZ425511.1 Bacillus sp. strain 17

100

MZ497107.1 Bacillus sp. strain ZYB1

MZ424518.1 Priestia megaterium strain Mo

MZ424636_1Priestia megaterium strain MNo12

MZ377224 1 Bacillus sp. strain 16Lc

RT&S

Fig 4 Phylogenetic tree of 16s rRNA gene sequences of isolates with closest related sequences obtained from NCBI using MEGA7. A-
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Fig 5 Growth assessment of pot experiment by IAA producing endophytic bacteria on seed germination
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Indole acetic acid (IAA) is considered as the most
important plant hormone, also synthesized by endophytic
bacteria plays a spectacular role in plant-bacteria interaction.
In this present study, a total of 31 morphologically
distinguishable endophytic bacteria from different parts of
Thelypteris interrupta were isolated. Among these seven
isolates produce Indole acetic acid (IAA) in the presence of
tryptophan (Fig 2) and the isolate STL 1 being the maximum
producer of IAA followed by RT5. Both isolates were gram
positive in nature and produce hydrolytic enzymes Catalase,
amylase, cellulase that are important to colonize to the root
of the plant. Several authors reported the production of
Indole acetic acid (IAA) by Gram positive bacteria [24-26].
As plant-associated endophytic bacteria are a possible
source of enzymes, quantification of those enzymes are
often utilized in biotechnological and pharmaceutical

1.6 -
Biomass

I

14 -

12 -

m
I
oo

0.6 -

0.4

0.2 -

Control Kocuria flava

Bacillus sp.

Fig 6 Effect of IAA producing endophytic bacteria on biomass

90 Total Protein (mg/g)

Control Kocuria flava Bacillus sp.

Fig 8 Effect of IAA producing endophytic bacteria on total
protein content

IAA helps the plant to increase nutrient uptake by
increasing root surface and length. Literature survey
indicated that inoculation with IAA producing bacteria
resulted in the proliferation of lateral roots [28-29]. In this
study significant root growth, shoot growth, the length of
primary and secondary leaves as well as biomass,
chlorophyll and protein content by these two endophytic
bacterial isolates were observed in vitro root growth
promotion assay. All these characteristics as exhibited by

processes. The endophytic isolates RT5 could also ferment
glucose, lactose and mannitol (Table 3) and were resistant to
streptomycin, tetracyclin, chloramphenicol (Table 4).

The identification of endophytic bacterial genera
using 16S rDNA gene is a rapid and efficient tool. BLAST
analysis of sequences showed the identity of isolates STL1
towards Kocuria flava and RT5 towards Bacillus sp.
Phylogenetic analysis using MEGA7 neighbour joining
method also resulted in clustering of STL1 with Kocuria
flava and RT5 with Bacillus sp. The genus Bacillus have
been reported as Indole acetic acid (IAA) producing
endophytes from different plants and also from the
pteridophytes Ophioglossum reticulatum [4]. Kocuria flava
reported as endophytic bacterial strains isolated from the
shoot-tips of banana [27] but not from pteridophytes.

Total Chlorophyll (mg/g)

mg/g
-y w [a)]

Control Kocuria flava Bacillus sp.

Fig 7 Effect of IAA producing endophytic bacteria on total
chlorophyll content

the isolates STL1 and RT5 could be an effective bio-
inoculant and be used in organic farming to mitigate the
impact of chemical fertilizer on the environment, but also
ensures the quality of agricultural products.

CONCLUSION

From the overall study, we can say that two
endophytic bacterial isolates from Thelypteris interrupta
produced several hydrolytic enzymes and have the ability to
produce a sufficient amount of IAA which promotes the
plant growth. These two efficient IAA producing
endophytes were identified on the basis of 16s rDNA gene
sequencing as Kocuria flava (MZ310566) and Bacillus sp.
(MZ310573) respectively. These isolates can be very much
useful for future applications for the production of
commercially important hydrolytic enzymes and as
biofertilizer for the promotion of growth and development of
agricultural crop plants.
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