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ABSTRACT

This is the first study demonstrating antibiotic potential of symbiotic bacteria and their

metabolite profiling from cultured bacterial endosymbionts associated with root nodules of
Keywords Leguminaceae plant Dolichos lab lab. Our study has significant scope and it has never
s been reported. Indian farming area especially semi arid areas host varieties of Legumes
leguminosarum sp. with novel secondary metabolites producing organisms. The natural metabolites extracted
LNRLS9, from root nodule-derived bacteria pave novel therapeutic remedy against the pathogens
metabolites, like Bacillus subtilis, Escherichia coli and fungal species Aspergillus niger when most of
Antimicrobial them are emerged as extreme drug resistant superbugs. In recent study the bacteria isolated
activity, from the root nodule were cultured by standard microbiology techniques. Most of the
Article Info bacteria isolated were found to be Symbiotic nitrogen fixation of Gram-negative, motile,

Rhizobium leguminosarum. The potential isolate LNRLS9 was mass cultured for
Accepted: extraction of primary and secondary metabolites. Preliminary screening for identification
24 June 2018 of Bacterial metabolites by chemical tests was performed using reagents. Ethyl acetate
Available Online: extract prepared from the lysed culture of the isolate was analyzed for antibiotic activity.
10 July 2018 The results of this study suggested that secondary metabolites produced by Rhizobium

leguminosarum sp. (LNRLS9) could be used as a lead to control bacterial pathogens.

Introduction

Bacteria can populate diverse environments,
from soil to water, even in the most extreme
sites on the earth. These organisms can also be
found on and inside other organisms, such as
fungi, animals, and plants. The microbiome is
a recently developed concept used to define
the  prokaryotic  populations in close

relationship with more-complex organisms (1,
2). Bacteria can flourish as endophytes inside
plant roots, stems, leaves, and seeds (3) in
crops (e.g., wheat, rice, maize, sorghum, and
sugarcane), legumes (e.g. clover, common
bean, and alfalfa), trees (e.g., Populus),
grasses (e.g., switchgrass), and model plants
(e.g., Arabidopsis) (4). Most common
endophytic bacterial species have been
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described as members of the phyla Firmicutes
and Proteobacteria (5). Legumes are
economically valuable plants in agriculture
and establish symbiotic relationships with
rhizobial bacteria (6). These bacteria
contribute to the formation of plant root
nodules, colonizing them and fixing
atmospheric nitrogen. This phenomenon has
been studied intensively (7). Rhizobial
bacteria are commonly found in soil but also
establish ~ symbiotic  relationships ~ with
legumes, inhabiting the root nodules, where
they fix nitrogen. We hypothesize that given
the long-term and intimate nature of legume-
rhizobium relationships leads to nitrogen
fixation with  symbiotic growth and
development of rhizobium.

The present communication deals with the
isolation, Identification and characterization of
the ethyl acetate crude extract for primary and
secondary  metabolites  derived  from
Rhizobium microbial isolates from the root
nodules of Dolichos lab lab plant and partial
purification of the secondary metabolites and
its evaluation for antimicrobial activity against
the pathogens like Bacillus subtilis,
Escherichia coli and fungal species
Aspergillus niger.

Materials and Methods

Collection of nodulated roots of Dolichos
lab lab

A total of ten nodulated plants were collected
from organic farm garden of Acharya NG
Ranga Agricultural University at Tadikonda
village, Guntur district. Healthy beans plants
were uprooted carefully and those plants
possessing healthy nodules were selected and
transported to the  Department  of
Microbiology and Biotechnology Laboratory
Complex of Koringa college of
Pharmaceutical sciences in polythene bags for
immediate processing.

Isolation of Rhizobium species from root
noules

Isolation of rhizobium was done using yeast
extract mannitol agar (YEMA) as described by
Rajendran et al., (8). In this, healthy,
unbroken, firm and pink nodules were selected
for the isolation. They were washed under tap
water to remove adhering mud and soil
particles, after which they were treated
carefully with 5% hydrogen peroxide for
surface sterilization. The nodules were
repeatedly washed in sterile water for 3-
4mins to get rid of the sterilant and then
treated with 70% ethyl alcohol for about one
minute and 0.1% HgCl, for two minutes. They
were washed with sterile water (3 successive
times) under aseptic conditions and crushed
with sterile crucible. A suspension was made
of the crushed nodules, plated on YEMA
medium containing 1% Congo-red dye and
incubated at 28+1° C for 24 hours. Growth on
YEMA plate was observed after the said
incubation period.

Identification of Rhizobium species

The following tests were made to confirm
identification of the isolated bacteria as
Rhizobium leguminosarum.

Gram staining

Rhizobia are gram negative rod shaped
bacteria. Tests were made to identify Rhizobia
on the basis of their staining characteristics.

Staining procedure

The smear was fixed in a drop of normal
saline & stained with crystal violet solution
for 1 min. It was rinsed with water & the
excess water was drained off. lodine solution
was added & allowed to act (iodine) for 1 min.

The iodine solution was drained off &
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decolorized with iodinated alcohol (5 min).
After washing with water, safranin was added
& then rinsed with water. The slide was then
observed under the microscope using oil
immersion objective (9).

Mass scale
culture

production of Rhizobium

The effective strain (LNRLS9) was grown in
100ml of King’s B media in 250 ml conical
flask in orbital shaker at 28°C, 120 rpm, for 24
hours. The selected medias (King’s A, King’s
B, Nutrient broth and Nutrient broth with
glucose) were prepared individually.

Each media was pored into fermenter, then the
fermenter sterilized at 121°C, 15 Ibs pressure,
for 20 min (10). After cooling the media was
inoculated with pregrown inoculum of
Rhizobium leguminosarum sp (LNRLS9). The
fermentor was performed under fixed
parameters, temp 28°C, rpm-120, O,-40%,
pH-7.0 for 96 hours.

The turbidity of the culture was measured by
estimating the optical density through
spectrophotometer at hourly intervals. The
culture was centrifuged at 10,000 rpm (Remi
cooling centrifuge CTR 30 India) for 15min to
get the cell free filtrate. These culture filtrates
were used to study the efficacy against
pathogens.

Extraction of crude metabolites from
isolated culture with selected organic
solvents

Crude metabolites were extracted from the
effective growth medium by partitioning the
filtrates with organic solvents Petroleum Ether
and Ethyl acetate (11).

Isolation and partial purification of
bioactive secondary metabolites

The filtrate was subjected for solvent
extraction method to recover antibacterial

metabolites in pure form (12). Most of the
metabolites were expected to be in dissolved
form with ethyl acetate fraction and so the
Ethyl acetate fraction was further diluted with
same solvent for enhancing the extraction of
metabolites. Finally the entire volume was
subjected to extraction under reduced pressure
using rotary evaporator (Buchi R-210
Switzerland). The ethyl acetate phase contains
antibiotic substances separated from aqueous
phase. It was evaporated to dryness in water
bath and was further dehydrated with Na,SO,.
The residue obtained was used to identify the
primary and secondary metabolites as well as
the antibiotic activity.

Experimental investigations

Qualitative determination of primary
metabolites
Primary metabolites directly involved in

growth and development while secondary
metabolites are not involved directly and they
have been worked as biocatalysts. Primary
metabolites are of prime importance and
essentially required for growth of mushrooms.
Many primary metabolites lie in their impact
as precursors or pharmacologically active
metabolites of pharmaceutical compounds
such as antipsychotic drugs (13).

Chemical tests for determination of
primary metabolites

Bio active Primary Metabolites are necessary
for the actual growth or life of the organism.
They

Will accumulate during growth of the
organism and generally speaking do not
degrade easily. Some of these metabolites are
biologically ~ active  (14). Secondary
metabolites are not involved directly and they
have been worked as biocatalysts which are
synthesized during secondary.
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Metabolism and are potential source of drugs.
Test for soluble carbohydrates
Fehling’s test

Five ml of Fehling’s solution A and Fehling
solution B was added to 0.5 mg of extract and
boiled in a water bath. The formation of
yellow or red precipitate indicates the
presence of reducing sugars.

Test for protein & amino acids
Biuret test

To 0.5 mg of extract equal volume of 40%
NaOH solution and two drops of 1% copper
sulphate solution was added. The appearance
of violet color indicates the presence of
protein.

Ninhydrin test

About 0.5 mg of extract was taken and 2 drops
of freshly prepared 0.2% ninhydrin reagent
was added and heated. The appearance of pink
or purple colour indicates the presence of
proteins, peptides or amino acids.

Thin layer chromatography of crude
extract containing metabolites

Thin layer chromatography (TLC) was carried
out with the crude extract on silica gel (TLC
silica gel. 60, 20 x 20, 0.5 mm, Merck and Co,
Inc) with benzene: acetic acid : methanol
(4:3:3) solvent system. The crude extract (30
ul) was spotted, and the solvent front was
allowed to run for approximately 16 cm. The
running lane was then dried thoroughly. After
cut into portions (1 by 2.5 cm), these portions
were scraped into micro centrifuge tubes and
extracted with 100% acetone. The silica
residue was removed by centrifugation and the
supernatant was transferred to a second set of

micro centrifuge tubes (15). The individual
metabolites were again spotted on TLC plates
for confirmation of metabolites.

Qualitative determination of secondary
metabolites

Secondary  metabolites are  important
mediators of ecological interactions between
bacterial colonies and their environment.

HPLC-DAD analysis of the Ethyl Acetate
extract

The obtained Ethyl Acetate extract was
subjected to HPLC-DA detector screening.The
chromatographic system consisted of an HP
1090M liquid chromatography equipped with
a diode-array detector and HP Kayak XM 600
Chem  Station (Agilent  Technologies).
Multiple  wavelength ~ monitoring  was
performed at 210, 230,260, 280, 310, 360, 435
and 500 nm. The UV visible spectrum was
measured from 200 to 600nm. Sample (5 pl)
was injected onto an HPLC column (125 X
4.6 mm, guard column 20 4.6 mm) filled with
Nucleosil-100 C-18 (5 m). Separation was
performed by a linear gradient using 0.1%
orthophosphoric acid as solvent A and
acetonitrile as solvent B. The gradient was
from 0 to 100% solvent B in 15 min at a flow
rate of 2 ml/min.The results were recorded.

Screening of Rhizobium strain  for
antibacterial and antifungal activity

Primary screening

A modified cross- streak method was used for
antimicrobial activity. Single streak of
Rhizobium strain was made on surface of the
modified nutrient agar and incubated at 28°C.
(16) After observing a good ribbon like
growth of the Rhizobium on the plates, the
overnight pathogenic bacterial strains, such as
Escherichia coli, Bacillus subtilis, were
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streaked at right angles to the original streak
of Rhizobium and incubated at 28°C and the
incubation distance was measured after 24-48
hrs. A control plate was also maintained
without inoculating the Rhizobium, to assess
the normal growth of bacteria.

Secondary screening
Determination of antimicrobial activity

The antimicrobial activity was determined by
agar well method (17) purified extract
obtained by the evaporation of the ethyl
acetate extract. Then 50, 100ul of it were
loaded into well bored and test organism (0.5
McFarland turbidity standards) was swabbed
on Muller Hinton agar plates. A control bore
and standard bore was also loaded in the Petri
plate. Erythromycin 30mcg was loaded as
positive control. The plates were incubated at
37°C for 18-24 hours and examined. The
diameter of the zones of complete inhibition
was measured to the nearest whole millimeter
by using antibiotic zone scale (Himedia,
Mumbai, India). The formation of inhibition
zone around the pathogenic strains is due to
the production of secondary metabolites by
Rhizobium isolates.

Results and Discussion

Different chemical constituents have been
found to possess wide range of medicinal
properties, which may help in protection
against various diseases. The quantitative
estimation of primary and secondary
metabolites  reveals  various  chemical
constituents present in the isolated extract.
Secondary metabolites analysis is necessary
for extraction, purification, separation,
crystallization, identification of various
compounds.

10 healthy root nodules of different sizes were
isolated from the farm Garden of Acharya N G
Ranga Agricultural  University, Guntur.
Isolation of Rhizobium species has always

been faced with difficulties in comparison to
their competitors like other bacteria and fungi
from the soil adhered to the root nodules (18).
This may be due to their long incubation
period. Use of selective media was crucial for
culturing the micro organisms. The cultural
characterization of the Rhizobium isolates
were Studied by using the selected Medias
(King’s A, King’s B, Nutrient broth and
Nutrient broth with glucose). Here the growth
of Rhizobium is found to be abundant.

All the isolates were found to be Rhizobium
and they produced highest biomass, when
glucose was supplemented in the medium.
Addition of other carbon sources such as
starch, fructose, maltose, Mannitol, etc. to the
medium also favoured the growth but the
growth was less when compared with glucose.
Both primary and secondary screening
methods were used to screen Rhizobium for
antimicrobial activity.The first screening was
used to select the antimicrobial isolates and
determine that Rhizobium was sensitive to the
antibiotic. The secondary screening method
was crucial to select the isolates for further
studies.

The result of the screening revealed that the
isolate was against bacterial culture as they
showed broad spectrum activity with big zone
of inhibition. Therefore the isolate were
chosen for fermentation. The antibacterial
metabolites from fermented broth were
extracted in organic solvent (ethyl acetate) by
solvent extraction method.

The crude extract were further analysed by
thin layer chromatography on silica plates
using with benzene: acetic acid: methanol
(4:3:3) in the said ratios as solvent system.
The extract produced two spots when the
chromatogram was visualized under iodine
vapour with Rt value of 1.2 for compound 1
and 0.53 for Compound 2.
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Table.1 Primary metabolites in Ethyl acetate extract

S.no Primary Metabolite Test Result
1. Carbohydrates Fehlings ++++
2 Proteins Biurett ++++
3 Amino acids Ninhydrin ++++

++++ Result Indicates presence of primary metabolites in extract

Table.2 Secondary metabolites in Ethyl acetate extract

S.no Secondary Metabolite Rt value in min
1. N-acetyl phenyl alanine 6.7
2 3-methyl indole 7.0
3 amicoumacin antibiotic 7.3
4 3-methyl- indole 8.4
5 Indole compounds 8.9

Table.3 Antimicrobial activity of secondary metabolites in Ethyl acetate extract

Test organism Inhibition
Zone (mm)*
Bacillus subtilis 16+0.4
Escherichia coli 24+0.6
Aspergillus niger  18+0.3

*Values are mean+SD of three replications

Chemical analysis is of paramount importance
in identifying new source of therapeutically and
industrially valuable compounds have been
chemically investigated. In the present
investigation primary and secondary
metabolites were identified and analyzed using
standard chemical test procedure. Qualitative
analysis of primary metabolites were reported in
Table 1, as proteins, amino acid and then
carbohydrates.

HPLC-DAD analysis of the Ethyl acetate
extract of Rhizobium sp. is shown in Figure 1.
The peaks of the chromatogram were matched
with the reference compound available in the
database by UV-Visible spectrum. The peaks in
the chromatogram having the same UV-Visible
spectrum and retention time with that of the
reference compound was identified and named.
In the UV-Visible spectra various peaks
observed corresponded to different compounds
(Fig. 2). Peak at 6.7 min (1) represents N-
Acetyl-phenylalanine, 7.0 min (2) 3-methyl-
indole, 7.3 min (3) amicoumacin antibiotic, 8.4

MIC Standard
pg/mi pg/mi
2.5 2.33
1.5 2.33
0.5 2.33

min (4) 3-methylindole and Peak at 8.9 (5)
corresponds to indole type compound (Table 2
and 3).

It is concluded that the present study was an
attempt to identify and pick out versatile
Rhizobium strains that display antimicrobial
activity against a variety of microbial pathogens
intrinsically. Our result indicates that we are
able to identify the antagonistic activity of
microbial growth. Further investigation is
needed in order to determine the structure of
active compounds and to scale up the
production. The results are suggestive of
primary and secondary bioactive compounds
are commercially and pharmaceutically
important.
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