Research Article

Suitability of Growth Media and Carbon Source for
EPS Production by Lysinibacillus macroides

Kartik Andharia', Prateek Shilpkar'*, Mayur Shah', Susanta Kundu?

"Department of Microbiology, Gujarat Vidyapith, Ashram Road, Ahmedabad, Gujarat, INDIA.
2Excel Innovation Centre, Excel Industries Limited, Mumbai, Maharashtra, INDIA.

Submission Date: 14-06-2023; Revision Date: 17-08-2023; Accepted Date: 11-09-2023.

ABSTRACT

Exopolysaccharides (EPS) are carbohydrate polymers excreted by bacteria and fungi in the
external environment of their cell walls. This study aims to obtain EPS-producing bacteria from
the rhizosphere soil of the legume plant. Isolation and screening of potential organisms were
performed using the serial dilution method and YEM agar. Based on the mucoid characteristics,
07 isolates were selected for further EPS production from 12 obtained isolates. These 07 isolates
were again inoculated in YEM broth and incubated. After incubation, extraction and purification
of EPS were carried out by centrifuging the medium at 10000 rpm. Then the supernatant was
recovered and chilled ethanol (3 times the volume) was added. Isolate No. KR7 was found
more potential with 4.4 g L'* EPS production in YEM broth. 16S rRNA sequencing identified it as
Lysinibacillus macroides. Different growth media were used to obtain the highest EPS and found
Media-6 suitable for that with 16.5 g L'* EPS production. Bagasse can be a cheaper carbon source
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with 5.5 g L'* EPS production.
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INTRODUCTION

A number of bacteria are synthesizing biodegradable
Exopolysaccharides (EPS) biologically having a high
molecular weight."! Bacteria utilize any carbon source
for the production of these secondary metabolites.
Polysaccharides occur as a storage polysaccharide, an
important constituent, in plants as well as in microbial
cell walls They may be either endopolysaccharides
depending their
position. They are classified into two categories: (1)

or  exopolysaccharides, on
Homopolysaccharide — having only one type of
sugar moiety e.g, dextran, cellulose, pullulan, etc., (2)
Heteropolysaccharide — containing two or more sugar
moiety e.g., xanthan and gellan.” Bacterial EPS are
classified based on their degree of attachment with the
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cell sutface as capsular or slime EPS.P! Some species
of Gram-positive bacteria like Bacillus, Streptococcus,
Lenconostoc, Lactobacillus, Diplococci, etc. are reported as a
producer of bacterial EPS. On the other hand, some
species of Gram-negative bacteria are also reported as
EPS producers such as Enterobacter, Klebsiella, Pseudomonas,
Agotobacter, Rhizobium, Xanthomonas, etc.”) Many factors
are influencing EPS production like incubation time,
pH, incubation temperature, and media composition,
especially carbon and nitrogen sources.!

In soil, an important and highly rich source of organic
material is available naturally, known as the rhizosphere.
This source provides organic matter to the plant roots
either directly (by releasing and decomposition of soil
root material) or indirectly (by root exudation) and
in this way, it stimulates microbial activity as well as
biomass in the soil.F!

The Rhizosphere is a very rich source of organic
materials and contributes to improving organic matter
in the soil directly or indirectly by stimulating microbial
activities and biomass.”! At different niches, it contains
various types of bacteria capable of producing EPS.
So, depending on the specific natural habitats, the
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physiological activity of the EPS varies. It provides
protection to the cells against different adverse
environmental effects like predation, desiccation, and
antibiotic susceptibility. Bacterial EPS can be used
as a gelling agent and emulsifier mainly in processes
like environment bioremediation, biofilm formation,
surface attachment, plant-microbe symbiosis, microbial
aggregation, etc.”!

Presently, the production cost of EPS is the major
concern at the time of large-scale production. Among
total production costs, more than 50% of the cost
accounts for the carbon source.l So, to reduce the EPS
production cost, many researchers are trying to use
various agricultural wastes as cheap carbon sources like

1 citrus fruit waste,!5!?

fruit waste, pineapple waste,!
milk whey,"! olive mill wastewater,'"l beet molasses,!"”!
sugarcane vinasse,'” cane molasses,'”" rice bran,!""
wheat bran sawdust, sweet whey, potato waste, corn
steep liquor, glucose syrup,'” corn straw, coconut shell,

18] etc.

corn cob, passion fruit peel,
The aim of the present study is to isolate and screen
bacteria from rhizosphere soil capable to produce EPS
and find out suitable growth media for the maximum
EPS yield. This study also includes EPS extraction,
the use of different

agricultural residues as cheap carbon sources.

culture identification, and

MATERIALS AND METHODS

Sample collection

In sterile containers, about 10 g of rhizosphere soil
sample was collected from a Legume Plant (Cajanus
cajan), of the garden of Excel Industries Limited, MSW
Treatment Plant, Pirana, Ahmedabad. All samples were
stored at 4°C until further use.

Isolation, screening and characterization of EPS-
producing micro-organisms

Serial dilution of the Rhizospheric soil sample was
made in the laboratory under aseptic conditions. First
of all, 1 g of soil was aseptically added to a 9 mL sterile
distilled water tube and vortexed. The tube was kept in
a stationary condition to obtain soil suspension. Now
1 mL suspension was aseptically pipetted and transferred
to the next tube of 9 mL sterile distilled water and mixed
well. This gives 10" dilution. Similarly, further dilutions
of 107,107, 10, and 10° were prepared. A spread plate
method on a sterile Yeast Extract Mannitol (YEM) agar
plate was performed from the dilutions 10* and 10~ to
obtain isolated and differentiated colonies. The plates
were incubated in the incubator for 48-72 hr at 32 £ 2°C.

Composition of YEM Agar (g L)

Mannitol, 10.0; Yeast Extract, 1.0; Dipotassium
Hydrogen Phosphate, 0.5; Sodium Chloride, 0.1;
Magnesium Sulphate, 0.2; Congo Red, 0.025; Agar,
20.0; Final pH, 7.4 £+ 0.2]. After incubation, all mucoid
and moist colonies were selected and purified by further
plating on sterile YEM agar plates by the streak plate
method. All the purified bacterial colonies were further
screened out for the production of EPS.

The primary criteria for bacterial colony selection were
its consistency and appearance. All mucoid colonies on
the YEM agar medium showing glistening and slimy
appearance were primarily isolated as EPS producers.["”
The isolates were studied according to Gram staining
and colonial characteristics.?”

Production, extraction and estimation of EPS

Screened bacteria were taken for EPS production.
Cultures were streaked on slants of YEM agar for
maintenance and stored at 4°C. 50 mL of YEM broth
was taken for EPS production in 250 mL flasks. Media
were stetilized at 121°C for 20 min. Sterilized media
were inoculated with 1 mL of inoculum and incubated
for 72 hr at room temperature (32 £ 2°C) on a rotary
shaker (120 rpm).*!

After incubation, 5% w/v Trichloroacetic Acid (TCA)
was added to the flask and incubated at room temperature
for 30 min with agitation.’**! Proteins precipitated in
the medium were separated from cells by centrifugation
at 10,000 rpm for 20 min. After centrifugation, the
supernatant was recovered; three volumes of ice-
cold ethanol were added and kept overnight at 4°C.
Precipitated EPS was centrifuged at 10,000 rpm again
for 20 min. to separate it. Collected EPS was 3 times
washed with cold ethanol and centrifuged in the same
way mentioned above. After 3 washes, EPS was dried
at 65°C and weighed to know the quantity of the EPS
produced by each isolate.”!

16S rRNA sequencing for identification of the
isolate

The isolate showing the highest amount of EPS
production was selected for identification. Culture
isolate was prepared on slants and sent to the National
Chemical Laboratory (INCL), Pune for identification.

Production of EPS in different growth media

Different researchers used different growth media to
study the production of EPS depending on the culture
they used. The suitability of the growth medium is
totally depending on the strain producing the EPS. In
the present research work, eleven growth media were
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studied as a growth media to find out their suitability
for EPS production. These media compositions (g L")
are as below:

Media-1 (De Man Rogasa and Sharpe Medium):
glucose, 20.0; beef extract, 10.0; peptone, 10.0; sodium
acetate, 5.0; yeast extract, 5.0; dipotassium hydrogen
phosphate, 2.0; ammonium citrate, 2.0; Tween-80, 1.0;
magnesium sulphate, 0.1; manganese sulphate, 0.05; pH,
6.5 £ 0.2;0-22

Media-2 (Commercial Medium): glycerol, 120.0;
glutamic acid, 20.0; citric acid, 12.0; ammonium
chloride, 7.0; magnesium sulphate, 0.5; ferric chloride,
0.04; dipotassium hydrogen phosphate, 0.5; calcium
chloride, 0.15; pH, 6.5;*

Media-3 (Mineral Medium): glucose, 25.0; magnesium
sulphate, 0.2; potassium dihydrogen phosphate, 1.0;
dipotassium hydrogen phosphate, 2.0; ammonium
chloride, 1.0; yeast extract, 0.01; pH, 7.0;"

Media-4 (Yeast Extract Medium): mannitol, 10.0;
yeast extract, 1.0; sodium chloride, 0.1; dipotassium
hydrogen phosphate, 0.5; magnesium sulphate, 0.2;
Congo red, 0.025; pH, 7.4 + 0.2;"

Media-5 (Basal Medium): glucose, 10.0; yeast extract,
0.5; peptone, 2.0; dipotassium hydrogen phosphate,
2.0; magnesium sulphate, 0.5; ammonium sulphate, 0.5;
sodium chloride, 0.1;P!

Media-6 (Modified YE Medium): yeast extract, 1.0;
potassium dihydrogen phosphate, 1.0; magnesium
sulphate, 0.5; sucrose, 30.0; pH, 7.0;"

Media-7 (EPS Production Medium): glucose, 5.0;
yeast extract, 3.0; peptone, 5.0; potassium dihydrogen
phosphate, 3.0; magnesium sulphate, 0.2;

Media-8 (Liquid Medium): sucrose, 20.0; yeast
extract, 2.0; peptone, 2.0; pH, 7.0;*

Media-9 (Nutrient Broth): yeast extract, 1.5; beef
extract, 1.5; peptone, 5.0; sodium chloride, 5.0; pH,
7.4 £ 0.2,

Media-10 (EPS Medium): casein hydrolysate, 15.0;
sodium acetate, 12.0; yeast extract, 5.0; dipotassium
hydrogen phosphate, 10.0; L-cystine, 2.5; sodium
chloride, 0.5, sucrose, 50.0; pH, 7.1 + 0.2;1

Media-11 (Modified EPS Medium): sucrose, 50.0;
sodium acetate, 12.0; yeast extract, 5.0; dipotassium
hydrogen phosphate, 10.0; sodium chloride, 0.5; pH,
711028

50 ml of each of the 11 media was taken for EPS
production in 250 ml flasks. All the media were
sterilized by autoclaving at 121°C for 20 min, inoculated
with 1 mL of inoculum and incubated for 72 hr at room
temperature (32 = 2°C) on a rotary shaker (120 rpm).
After incubation, EPS was extracted from each media as

above and estimated EPS production in the respective
media.

Use of agriculture residue as a carbon source

Different cheap agriculture residues like bagasse,
coconut waste, groundnut shell, rice bran, and wheat
husk were studied as a replacement for costly carbon
sources for EPS production. One of the above 11
media, the flask that showed the highest production of
EPS was selected for this study. 3% of each agriculture
residue was added to the media instead of a carbon
source and EPS production was estimated as mentioned
above.

RESULTS

Isolation, screening and characterization of EPS-
producing micro-organisms

Different 12 bacterial colonies were isolated from the soil
sample collected from the rhizosphere on the basis of
unique colonial characteristics on the YEM agar medium.
Out of 12 different isolates, 07 isolates (58%) were
selected on the basis of mucoid colony characteristics.
Morphological and colonial characterization helps in the
partial identification of microorganisms. The colonial
and morphological characteristics of all 12 isolates are
shown in Tables 1 and 2, respectively. The results of
Table 1 reflect that 42% of isolates were producing
medium-sized colonies, 33% of isolates were producing
large-sized colonies, whereas only 25% of colonies were
small-sized. It was also observed that 67% of colonies
were round in shape. The results shown in Table 2
indicate that 58% of isolates were producing mucoid
colonies with smooth surfaces which were taken further
for EPS production. Table 2 showed that all the isolates
were Gram-negative in nature. Among them, 50% were
long rods and 50% were short rods.

Production, extraction and estimation of EPS

All the selected isolates were grown in the YEM broth
and after suitable incubation time, EPS was extracted
and estimated. For the quantification of ESP, it was
dried and weighed. The results showed that Isolate
No. KR7 has the maximum capacity to produce EPS
(44 g L") followed by Isolate No. KR4 (3.6 ¢ L")
(Figure 1). EPS looked like a thin transparent layer on
the surface of extraction media, as shown in Figure 2.

Identification of Isolate No. KR7 by 16S rRNA
sequencing

For the molecular identification by 16S rRNA
sequencing, a culture sample of Isolate No. KR7 was
sent to NCL, Pune. The 16S tRNA sequence of KR7
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Table 1: Colonial characteristics of all isolates.

Isolate No. Size Shape Margin Elevation Surface Consistency Opacity
KR1 M R Entire Flat Rough Dry Opaque
KR2 S P Undulate Flat Rough Powdery Opaque
KR3 L R Entire Convex Smooth Mucoid Transparent
KR4 S R Entire Convex Smooth Mucoid Translucent
KR5 M R Entire Convex Smooth Mucoid Translucent
KR6 L IR Undulate Raised Rough Dry Opaque
KR7 L R Entire Convex Smooth Mucoid Translucent
KR8 M R Entire Convex Smooth Mucoid Transparent
KR9 S R Entire Convex Smooth Mucoid Translucent

KR10 M R Entire Convex Smooth Mucoid Translucent
KR11 L IR Undulate Flat Rough Dry Opaque
KR12 M IR Undulate Raised Rough Dry Opaque

M=Medium, S=Small, L=Large, R=Round, P=Punctiform, IR=Irregular.

Table 2: Morphological characteristics of all isolates.

Isolate Gram Reaction Size and Arrangement
No. Shape
KR1 Gram Negative Long Rods Cluster
KR2 Gram Negative Short Rods Scattered
KR3 Gram Negative  Short Rods Cluster
KR4 Gram Negative  Long Rods Scattered
KR5 Gram Negative  Long Rods Cluster
KR6 Gram Negative Long Rods Scattered
KR7 Gram Negative  Short Rods Scattered
KR8 Gram Negative  Long Rods Cluster
KR9 Gram Negative  Long Rods Cluster
KR10 Gram Negative  Short Rods Scattered
KR11 Gram Negative Short Rods Scattered
KR12 Gram Negative Short Rods Cluster
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Figure 1: EPS produced by different isolates.

shows 99.70% similarity with Lysinibacillus macroides
strain LMG 18474 16S ribosomal RNA gene, a partial
sequence having accession no. NR_114920.1. The total
and maximum score obtained for alignment was 2407
with 99% query coverage and 0.0 E-value. Thus, isolate
no. KR7 was identified as Lysinibacillus macroides. The

Figure 2: EPS produced by Isolate No. KR7.

phylogenetic tree of the strain Lysinibacillus macroides
with the closest similarity using the neighbour-joining
method is shown in Figure 3.

EPS production in different growth media

11 different growth media were studied for their
suitability for EPS production. EPS production was
observed in all the media in various quantities. As per
the results obtained, we found Media-6 (modified YE
medium) the most suitable with 16.5 g L' of EPS
production followed by Media-10 (8.4 g L") and Media-
11 (7.9 g L'"). Results showed that the media containing
sucrose (30 g L") and yeast extract (1 g L") as a carbon
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o077 NR_042072.1_Lysinibacillus_fusiformis_strain_DSM_2898
NR_112628.1_Lysinibacillus_fusiformis_strain_NBRC_15717
NR_114213.1_Lysinibacillus_parviboronicapiens_strain_NBRC_103144
NR_042073.1_Lysinibacillus_sphaericus_strain_DSM_28
NR_113166.1_Lysinibacillus_pakistanensis_strain_NCCP-54
NR_114920.1_Lysinibacillus_macroides_strain_LMG_18474

0034 {KY643638.1_Lysinibacillus_macroides_strain_DSM_54
KY628807.1_Lysinibacillus_macroides_strain_DSM_54
NR_041276.1_Lysinibacillus_boronitolerans_strain_10a
NR_114207.1_Lysinibacillus_boronitolerans_strain_NBRC_103108
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Figure 3: Phylogenetic tree of Lysinibacillus macrolides.
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Figure 4: EPS production in different growth media.

and nitrogen source, respectively, and a carbon-to-
nitrogen ratio of 30:1, produces the highest number of
EPS. Figure 4 represents EPS production in all different
growth media.

Use of agriculture residue as a carbon source

Modified YE medium was obtained as a suitable media
for the highest EPS production and so it was taken for
further study. The carbon source of this media (sucrose)
was replaced by different cheap agriculture residues (3%
each) like bagasse, coconut waste, groundnut shell, rice
bran, and wheat husk. A similar experiment was carried
out for EPS production. The results indicated that the
media containing bagasse as a carbon source was able
to produce maximum EPS with 5.5 g ! of production
followed by wheat husk (3.3 g L'"). Figure 5 represents
the EPS production in different media containing
different agriculture residues as a carbon source.

DISCUSSION

Bacteria are able to produce EPS in different nutritional
environments. Many researchers investigated various
growth media suitable for EPS production. In the
present study, we have used 11 different media to check
their suitability for maximum EPS production and found
Media-6 (modified YE medium) the most suitable for
EPS production (16.5 g L"), a similar result reported by
Vaishnav ez a/¥ for the EPS production from Bacillus
species SRA4 (14.2 £ 0.6 g L") in the same media.
They investigated EPS production in the same medium
for other bacterial species of B. subtilis, B. soneresis and
B. tequilensis with the results of 6.95 £ 0.5,4.9 £ 0.8 and

Asian Journal of Biological and Life Sciences, Vol 12, Issue 2, May-Aug, 2023

_ 6.0 4
=50
&
= 4.0 1
£
g 3.0 4
=
£2.0 4
a
E 1.0 A
0.0 4 T T T
Bagasse Coconut Groundnut Rice Bran Wheat Husk
Waste Shell

Agriculture Residue

Figure 5: EPS production by using different agriculture
residues as carbon source.

6.7 £ 0.5 g L', respectively. In contrast, Vaishnav ez a/
also observed maximum EPS production of 12.85 g L"
trom Xanthomonas campestris in the medium containing
2.0% casein hydrolysate, 0.5% yeast extract and 0.75%
sodium acetate.

The EPS production of 504.6 mg L. from Lactobacillus
delbrueckii ssp. bulgaricus RR, and 454.67 ¢ L' from
bacterial strain RJ-5 were reported in the Media-1
(MRS medium).?**! The EPS production from 5.0 to
36.4 g 1" was also reported for 25 differentisolates in the
Media-3 (mineral medium)®”? whereas Prasertsan ef a/P"
reported EPS production of 2.23 g ! from Enterobacter
cloacae WDT7 in the Media-5 (basal medium). Indira ez
alP isolated EPS-producing bacteria in Media-7 (EPS
production medium) from the dairy effluents. Different
amounts of EPS production from Bacillus species were
also investigated in the past by various researchers.
B2 Vaishnavi? reported different quantities of EPS
produced by Bacillus species and Xanthomonas campestris
using different types of media such as Media-1 (MRS
medium), Media-4 (yeast extract medium), Media-6
(modified yeast extract medium), Media-10 (EPS
medium) and Media-11 (modified EPS medium).
Various low-cost agriculture residues were studied as a
carbon source for EPS production. Agriculture residues
can be transformed into biopolymers through various
conversion processes, including chemical, enzymatic and
microbial routes. These processes involve the extraction
of cellulose, hemicellulose and lighin components from
the agriculture residues, followed by their conversion
into biopolymer precursors. These precursors can be
further processed to obtain biopolymers with desirable
properties for various applications.

Bagasse, a residue obtained from sugarcane processing,
has been extensively studied for biopolymer production.
We obtained 5.5 g " of EPS production using bagasse as
a carbon source. In 2016, Getachew and Woldesenbet?¥
reported similar production of PHB (5.0 + 0.08 g L)
from Bacillus species. Razack et al¥ reported 4.86 g L!
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EPS production from B. subtilis by using 2% bagasse as
a substrate. The higher pullulan production was also
reported by the fungl Aureobasidium pullulans (ap to
25 g L") by using bagasse as a carbon source.” Bagasse-
based biopolymers have demonstrated good mechanical
strength and thermal stability, making them suitable for
applications such as packaging materials and disposable
utensils.

Coconut shell, a by-product of the coconut industry, has
shown potential for biopolymer production. Ogidi ez /!
documented 2.1 g L' of EPS production from Pleurotus
pulmonarius by supplementing 4 ¢ L' coconut husk in
the growth media which is almost similar to our results.
On the other hand, the higher xanthan production of
5.5+ 3.8 ¢ L'! was reported for the coconut waste as
a substrate."® Coconut shell-based biopolymers exhibit
excellent water resistance and barrier properties, making
them suitable for applications in food packaging and
agricultural films.

Groundnut shell, a by-product of the peanut industry,
can be utilized for biopolymer production for along.
Groundnut shell enhances the EPS production from 3.5
to 5.6 with increasing concentration from 4 to 20 g L',
which is a slightly higher yield than ours.’ Groundnut
shell-based biopolymers offer advantages such as
biodegradability and low cost, making them attractive
for applications in sectors like agriculture and packaging.
Rice bran is a by-product of rice milling which has been
explored for biopolymer production. Many researchers
reported rice bran as a substrate for EPS production.
214 g L' of EPS production from B. subtilis was
reported, which is similar to our results.” Singh and
KaurP” reported a 5.48% EPS vyield by A. pullulans at
the substitution of 3.88% rice bran concentration in
the growth media, whereas Sirajunnisa ef a/P® recorded
maximum EPS production from P. fluorescens CtNG
by supplementing 5.02% rice bran. Rice bran-based
biopolymers possess good film-forming properties
and have shown potential for applications in coating
materials and drug delivery systems.

The wheat husk is an agricultural residue obtained
during grain processing, It can serve as a feedstock
for biopolymer production. By using wheat husk as a
substrate, a similar result of 3.2 g L' production of
EPS from the fungi A. pullulans ATCC 42023 has been
reported.l'’ Some mushroom species such as Ganoderma
lncidum was also reported as EPS producer in a small
amount (1.05 g L") by Liu and Zhang."” Wheat husk-
based biopolymers exhibit good mechanical properties

and have potential applications in areas such as
construction materials and packaging.

CONCLUSION

A total of 12 bacterial colonies with different
characteristics were isolated from the rhizosphere soil
sample. From which, 07 isolates were found as EPS
producers. Among them, Isolate No. KR7 was identified
as Lysinibacillus macroides and observed capsulated in
capsule staining, with the highest amount of EPS
production (4.4 g L"). The results of this study revealed
that Media-6 (modified YE medium) containing sucrose
(30.0g L"), yeastextract (1.0 g L), potassium dihydrogen
phosphate (1.0 g L"), and magnesium sulfate (0.5 g L")
produced the highest number of EPS (16.5 g L'). The
present study also shows that bagasse can be used as a
cheaper source of carbon for EPS production. Further
study can be done for the optimization of the media
and culture conditions to obtain maximum EPS.

ACKNOWLEDGEMENT

The authors are thankful to Excel Industries Limited
for providing a laboratory facility for research work and
financial support.

STATEMENTS AND DECLARATIONS
Funding

The anthors declare that no funds, grants, or other support were
received during the preparation of this manuscript.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ABBREVIATIONS

EPS: Exopolysaccharides; YEM: Yeast
Mannitol; TCA: Tri-Chloro Acetic acid.

Extract

SUMMARY

The present study summarises that EPS can be produced
in different types of growth media, and among them,
the modified YE medium is found the most suitable
for maximum EPS production. Various agriculture
residues such as bagasse, coconut waste, groundnut
shell, rice bran and wheat bran can be used as a low-cost
replacement for complex carbon sources. The results of
this study indicated that bagasse might be a promising
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substrate in the future. A significant number of EPS
can be produced by using bagasse as a cheaper substrate

than complex and synthetic carbon sources. Further

studies can be done with bagasse concentration and its

optimization to make it an economical source for EPS

production.
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