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ABSTRACT

This study was aimed to isolate, identify and growth optimization of exopolysaccharide (EPS)
producing endophytic bacteria .Surface sterilized root nodules of Derris elliptica was used to isolate
exopolysaccharide producing endophytic bacteria. Prominent mucoid colonies on Yeast extract mannitol
media were screened and identified using 16S rRNA gene sequencing and phylogenetic was constructed with
related reference strains. EPS production was optimised using YEM. The presence of carbohydrates in the EPS
was confirmed by phenol-sulphuric acid method. Optimum EPS producing strains were designated as YU16-
RN3, YU16-RN5 and identified as Burkholderia sp. and Enterobacter sp. respectively. The isolates YU16-RN3
and YU16-RN5 could produce 1.8g/L and 2.8g/L of EPS in YEM broth respectively. The carbohydrate content of
the EPS-RN3 and EPS-RN5 was found to be 25.13 + 0.17% and 40.34 £ 0.12 % respectively. The isolated genera
have various beneficial applications in both agricultural and biotechnological fields. Future studies on the
characterization of their metabolites are required to explore more about these isolates.
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INTRODUCTION

Endophytic bacteria are beneficial microbes that ubiquitously reside in living plant tissues with
symbiotic associations [1]. In majority of plants, endophytes inhabit roots more easily than the shoot tissues
[2]. Endophytes are capable of synthesizing bioactive compounds that are used by plants for defense against
pathogens and some of these compounds have proven to be useful for novel drug discovery. Endophytic
bacteria are one chief source of natural anticancer products, that are known to produce numerous bioactive
anticancer compounds, such as anthracyclines, glycopeptides, polysaccharides, aureolic acids, anthraquinones,
enediynes, antimetabolites, carzinophilin , mitomycins [3,4,5]including alkaloids, terpenoids, flavonoids, and
steroids [6]. Exopolysaccharides gained attention as new source for cancer treatment due to its unique
physico-chemical properties. Polysaccharides containing sulfur and uronic acids exhibits antioxidant activity,
inhibitis cell proliferation and cancer formation. Most bacterial EPS show higher water solubility and exhibit
better viscosifying, thickening, stabilizing, gelling and emulsifying activities [7]. EPS produced by different
bacterial species have been shown to have stable rheological and emulsifying properties over wide ranges of
temperature, pH and ionic strength, which ensure their applications in various food products under different
conditions [8]. Biosorption of toxic heavy metals by soil bacteria has been extensively studied by several
researchers [9]. The alginate (EPS) produced by Azotobacter in soil helped in the remediation of toxic metals
and maintained soil ecology [10]. Derris plants are used as insecticides and also for stunning fish. D. elliptica is
used as a curative for scabies and toothache. It has been reported as molluscidal , antimycotic against plants
fungi and inhibitory activity against Escherichia coli [11].Antioxidant activity and larvicidal activity of the
phytochemical compounds from Derris elliptica have been reported [12]. Exopolysaccharides are important
quorum sensing molecules during plant—bacteria association as they are involved in both plant pathogenesis
and symbiotic association. The versatile physico-chemical and biological properties exhibited by these
exopolysaccharides,made them potential substances in different industrial fields [13].Hence a preliminary
study was carried out to isolate and identify the bacteria from the root nodules of Derris elliptica. The isolates
were also explored for the production of exopolysaccharides.

MATERIALS AND METHODS
Bacterial isolation and Screening of exopolysaccharide producing endophytic bacteria

The root nodules of the sand dune legume Derris elliptica from the coastal regions of Mangalore (12
%47'3524"N74 51'12.4344"E) was collected and used for the isolation of EPS producing bacteria. The root
nodules were separated from the main roots of the plant and washed with sterile water thoroughly to clean
off the mud and sand particles, were surface-sterilized by immersing in 70% ethanol for 30 s and washed twice
with sterile distilled water [14]. Later were macreated and the suspensions obtained were dilluted to 10®in a
sterile solution of NaCl (0.9%). One hundred microliters of the diluted suspensions were inoculated into yeast
extract mannitol (YEM) agar (Himedia, India) plates [15]. The plates were incubated at 32°C up to 5 days, and
those which showed mucoidal growth were streaked onto plates containing the same media for isolation and
identification of isolates. Based on the mucoid phenotypic appearance of the colonies, strains were considered
as exopolysaccharide producing bacteria [16] and preserved in 30% (V/V) glycerol at -80° C.

Molecular characterization of bacterial Isolates
Sequencing and phylogenetic analysis

Bacteria were grown in YEM broth for 24 hrs at 32°C. Genomic DNA was extracted and purified using
a commercial kit (QIAGEN KIT). Electrophoresis on 0.8 % Agarose gel of extracted DNA was done and the bands
formed were visualized on a Gel Documentation System. After the purity check of DNA (Colibri, Nanodrop
spectrophotometer), the 16S rRNA gene was amplified by PCR using universal primers 27F and 1492R. An
aliquot of PCR product of isolates was directly sequenced using an ABI PRISM 310 instrument using the same
primers mentioned above. Sequence data was aligned and compared with available standard sequence. The
acquired 16S rRNA gene sequences were submitted to National Center of Biotechnology Information (NCBI)
GenBank (http://www.ncbi.nlm.nih.gov/). By using sequenced data a phylogenetic tree was constructed using
the Jukes—Cantor model and the neighbor-joining method using Clustal W software, in Molecular Evolutionary
Genetics Analysis Tool (MEGA X) [17].
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Growth optimization of the isolates

The screened isolates were further evaluated for EPS production. The inoculum was prepared by
transferring bacterial colony into 250 ml conical flask containing 50 ml of YEM broth. Inoculated flasks were
incubated on shaker at 100 rpm for 120 h at 32° C. At regular intervals (24, 48, 72, 96, 120h) culture broth was
harvested and the yield of the EPS was noted. The strains that yielded maximum EPS were selected for the
further study. The broth was made cell free by centrifugation (8000xg) for 15 minutes. To the cell free
supernatant, chilled Isopropyl alcohol was added to in ratio 1:3 (v/v) and kept at 4° C for 24 hours [18] to
precipitate EPS. The precipitated EPS were recovered by centrifugation (8,000xg) and purified by wither-
solubilising Milli Q water and re-precipitation with isopropyl alcohol in ratiol:3. And finally purified by dialysis
(MWCO 12,000, HiMedia, India) against distilled water for 48 h. The dialysed EPS was lyophilized and subjected
for the determination of carbohydrate content by Phenol sulphuric acid method [19] to confirm the presence
of EPS.

Statistical analysis

Data was reported as the mean of the experiments standard errors (SEM). Each experimental
condition was performed in triplicate (n=3). One way analysis of variance (ANOVA) was used to analyze data.
p<0.05 was considered as statistically significant.

RESULTS AND DISCUSSION

Overall, 12 mucoid colonies were isolated from the root nodules of the plant Derris elliptica. Out of
those only two colonies showed prominent mucoidal growth were selected based on their morphological
differences observed on YEM solid medium to study further. The strains were named as YU16-RN3 (Figure 1)
and YU16-RNS5 (Figure 2) and were used to evaluate EPS production in YEM broth.

Figure 2: Enterobacter sp.YU16-RN5
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Figure 3: Phylogenetic dendrogram based on 16S rRNA gene sequence comparisons indicating the position
of the strain YU16-RN3 within the genus Burkholderia. Analysis was performed by the neighbour-joining
method using software MEGA X. Boostrap values based on 1000 replications are indicated at branching
points, and bar 0.01 substitutions per nucleotide position.
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Figure 4: Phylogenetic dendrogram based on 16S rRNA gene sequence comparisons indicating the position
of the strain YU16-RN5 within the genus Enterobacter. Analysis was performed by the neighbour-joining
method using software MEGA X. Boostrap values based on 1000 replications are indicated at branching

points, and bar 0.01 substitutions per nucleotide position.

The analysis of the 16S rRNA gene sequences revealed that the isolates YU16-RN3 and YU16-RN5
belonged to two different taxonomic genera Burkholderia and Enterobacter respectively with 100% similarity
to Burkholderia cepacia and Enterobacter xiangfangensis. The partial nucleotide sequences of 16S rRNA gene
of the isolates have been deposited in Gen bank under accession number MH191374 and MH191375
respectively. The phylogenetic tree shows the relationships between the isolates with their related reference
species (Figure 3,4). Previous studies found that the genera belonging to Rhizobium, Sinorhizobium and
Bradyrhizobium could nodulate the roots of the Derris elliptica plant [20].This result suggests that a high level
of genetic diversity could occur among the microsymbionts of Derris elliptica which may be due to the
adaptation strategy acquired by them to the environmental conditions influenced by the root exudates which
contains a wide variety of metabolites and protein molecules [21].
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Optimization of growth media for production of EPS by the isolates was done using YEM broth. Yeast
extract (that contains copious amount of protein, amino acid and vitamin) is the most suitable nitrogen source
for EPS production. Nitrogen sources can support cell growth by boosting up proteins, nucleic acids synthesis
and enzymes production. The optimal temperature for EPS production by most endophytes ranges from 24 to
30 °C [13].However, the isolates YU16-RN3 and YU16-RN5 produced maximum amount of EPS at 32 °C after 96
h of incubation period. The isolates Enterobacter sp. YU16-RN5 and Burkholderia sp.YU16-RN3 could produce
1.8g/L and 2.8g/L of EPS respectively in YEM broth. The presence of carbohydrates in the EPS was confirmed
by the amount of sugars quantified in the test. The standard spectrophotometric assay carried out for the
determination of carbohydrate content in the extracted EPS from the two isolates showed positive results. The
carbohydrate content of the EPS-RN3 and EPS-RN5 was found to be 25.13 + 0.17% and 40.34 + 0.12 %
respectively.

The family Enterobacteriaceae contains a large number of genera that are found in different
environmental niches. Strains belonging to the genus Enterobacter have been isolated from the plant roots
growing in desert soil and arid lands. Several researchers reported that members of Enterobacter sp. produce
molecules with plant growth promoting (Enterobacter sp. EnB1) and biopesticide properties (Enterobacter sp.
B6), act as a capable nitrogen- fixers (E. oryzae Ola 51T) with multi-stress tolerance properties [22]
Enterobacter sp.ETH-2 and Enterobacter cloacae WD7 produced EPS with flocculating activity [23].The EPS of
Enterobacter sp.MS16 was reported as a biosurfactant with antifungal activity [24].

The genus Burkholderia comprises more than 62 species isolated from a wide range of environmental
niches. Although most studies have focused on the pathogenic species of Burkholderia due to their clinical
importance, the subsequent characterization of non-pathogenic plant-associated species has led to beneficial
ecological perception on Burkholderia species. Since then several species are reported as atmospheric nitrogen
fixers that exhibited a considerable potential for bioinoculation (Burkholderia brasilensis “M 130 and
Burkholderia kururiensis), that promote plant growth, while others are proposed for biotechnological uses,
such as bioremediation of chemical pollutants and aromatic compounds (Strains of B. xenovorans, B. unamae ,
B. sartisoli , and Burkholderia phenoliruptrix ) and biocontrol agents (B. phytofirmans PsIN ) [25].

CONCLUSION

The genus Enterobacter and Burkholderia has myriad applications in terms of both agriculture and
biotechnological fields. Therefore studies required to characterize the EPS by the said strains in bioremediation
process and to determine the potentiality of these isolates in sustainable agricultural practices as biofertilizers
finds prospect.

Conflict of interest statement: We declare that we have no conflict of interest.
ACKNOWLEDGEMENT

The authors acknowledge Prof CC Young, Chung-Hsing University, Taiwan for 16S rRNA gene
sequencing and Yenepoya Research Centre, Yenepoya University Mangalore for the technical help and
laboratory facilities. All the experiments were conducted using the facility available at Yenepoya Research
Centre.

REFERENCES

[1] Zinniel DK, Lambrecht P, Harris N B, Feng Z, Kuczmarski D, Higley P, Vidaver A K. Appl Environ Microbiol
2002 ;68 : 2198-2208.

[2] Rosenblueth M, Martinez-Romero E. Arch Microbiol 2004; 181: 337-344.

[3] Igarashi Y, Trujillo ME, Martinez-Molina E, Yanase S, Miyanaga S, Obata T, Furumai T. Bioorganic Med
Chem Lett 2007;17 : 3702-3705.

(4] Taechowisan T, Lu C, Shen Y, Lumyong S. J Cancer Res Ther 2007; 3: 86.

[5] Blunt J W, Copp B R, Hu W P, Munro M H, Northcote P T, Prinsep M R. Nat Prod Rep 2007; 24 : 31-86.

[6] Joseph B, Priya R M. Am J Biochem Mol Biol 2011; 1: 291-309.

[7] Jindal N, Khattar J S. Biopolymers for Food Design.Academic Press.London, UK, 2018, pp. 95

January - February 2019 RJPBCS 10(1) Page No. 112



(8]

(9]

(10]
(11]
(12]
(13]
(14]

(15]

(16]
(17]
(18]
(19]
(20]
(21]

(22]
(23]

(24]
[25]

Q\B
e

[

ISSN: 0975-8585

Kumar A S, Mody K. Microbial Production of Biopolymers and Polymer Precursors: Applications and
Perspectives.Caister Academic Press.Poole,UK, 2009,pp.229-253.

Ayangbenro A S, Babalola O O. Int. J. Environ. Res. Public Health 2017; 14: 94.

Rasulov B A, Yili A, Aisa H A. J Environ Prot 2013; 4: 989.

Khan M R, Omoloso A D, Barewai Y. Fitoterapia 2006; 77: 327-330.

Mukherjee A, Das R, Sharma A, Pal A, Paul A K. Biosc Biotech Res Comm 2017; 10:612-622.

LiuJ, Wang X, Pu H, Liu S, Kan J, Jin C. Carbohydr Polym 2017; 157: 1113-1124.

Mendes R, Pizzirani-Kleiner AA, Araujo W L, Raaijmakers J M . Appl Environ Microbiol 2007; 73: 7259-
7267.

Reis V M, Olivares F L, de Oliveira A L M, dos Reis Junior F B, Baldani J I, Ddbereiner J. Plant soil
1999; 206: 205-211.

Ng T K, Hu W S.Appl Microbiol Biotechnol 1989; 31: 480-485.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K. Mol Biol Evol 2018; 35: 1547-1549.

Kim S J, Yim J H. J Microbiol 2007; 45: 510-514.

Dubois M, Gilles K A, Hamilton J K, Rebers P T, Smith F. Anal Chem 1956; 28: 350-356.

Pongsilp N, Leelahawonge C. Int J Integr Biol 2010; 9: 37-42.

Weisskopf L, ABOU-MANSOUR E L | A N E, Fromin, N, Tomasi N, Santelia D, Edelkott I, Martinoia
E. Plant Cell Environ 2006;29: 919-927.

Andrés-Barrao C, Lafi F F, Alam |, De Zélicourt A, Eida A A, Bokhari A, Saad MM. Front microbial
2017; 8: 2023.

Tang W, Song L, Li D, Qiao J, Zhao T, Zhao H. PLoS One 2014; 9: e114591.

Jadhav M, Kagalkar A, Jadhav S, Govindwar S. Eur J Lipid Sci Technol. 2011;113:1347-1356.
Sudrez-Moreno Z R, Caballero-Mellado J, Coutinho B G, Mendonga-Previato L, James K, Venturi
V. Microb Ecol 2012; 63: 249-266.

January - February 2019 RJPBCS 10(1) Page No. 113



