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Abstract

Background: Modern agriculture recognizes soil biota as
major contributors for availabilities of nitrogen and phos-
phorus to plants. Centralizing focus on exopolymer pro-
duction of these living entities is need of time to empha-
size their impact on soil structural restoration and heavy
metal intoxication.

Material and methods: Mung bean rhizosphere collected
from 25 locations was serially diluted and poured onto MY
agar plates that were incubated for 120 h at 25°C to isolate
bacteria having watery mucoidal appearance. Liquid broths
of secluded cultures were then tested for optical scattering
and were treated with ethanol to precipitate Exopolysac-
charides (EPS) for their physicochemical characterization.
Results: Anion-exchange and high-performance size
exclusion chromatographic analysis indicated two main
monosaccharides, Mannose (52%) and Glucose (29%) frac-
tions of EPS. EPS have substantial (0.2%) protein contents,
capacity related to emulsify several hydrophobic sub-
stances. 0.5% EPS solution had low viscosity with pseu-
doplastic behaviour, least suspended particles producing
less turbid solutions.
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Conclusion: Six strains (M,, M,, M, M, M,

and M,)
secreted noticeably greater amounts of exopolymers than
other strains. Organic nature and pseudoplasticity of
these exopolymers helps in soil structural restoration, sul-
fates and phosphates helps in heavy metals detoxication.
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Ozet

Amac¢: Modern tarim, bitkilere azot ve fosfor yararlanimi
acisindan temel katkiyi toprak biyotasinin yaptigini kabul
etmektedir. Bu c¢alismada toprak biyotasim1 olusturan
tiim canli organizmalarin, toprak yapisal restorasyonu ve
agir metal zehirlenmesi iizerindeki etkilerini vurgulamak
icin, bu organizmalar tarafindan iiretilen ekzopolimerlere
odaklanilmaktadir.

Gere¢ ve Yontem: 25 farkli bolgeden toplanan mas fasiil-
yesi rizosferleri seyreltilerek, sulu mukoidal goriiniimlii
bakteri izolasyonu ic¢in 25°C’de 120 saat siireyle inkiibe
edilen MY agar besiyerine ekildi. Sivi besi yeri, optik
sacilma icin test edildi, fizikokimyasal karakterizasyo-
nunu belirlemek amaciyla ekzopolisakkaritlerin ¢oktiiriil-
mesi icin etanol ile muamele edildi.

Bulgular: fyon degisim kromatografisi ve yiiksek perfor-
mans boyut-dislama kromatografisi ile yapilan analizler
sonucunda EPS fraksiyonlarinin %52 oraninda mannoz ve
%29 oraninda glukoz olmak iizere iki temel monosakkariti
icerdigi belirlendi. Onemli miktarda (%0.2) protein iceri-
gine sahip olan EPS’nin bu 6zelligi cesitli hidrofobik mad-
deleri emiilsifiye edebilme kapasitesi ile iliskilendirildi.
0.5% EPS soliisyonunun, psodoplastik davranisla diisiik
viskoziteye sahip oldugu belirlendi.
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Sonug: M, M, M, M., M,; ve M, olarak adlandirilan alt1
susun, diger suslardan belirgin sekilde daha fazla mik-
tarda ekzopolimer salgiladig1 belirlenmistir. Bu ekzo-
polimerlerin organik dogasinin ve psddoplastisitesinin,
topragin yapisal restorasyonu ile agir metal detoksikasyo-
nunda katkis1 olan siilfat ve fosfatlar {izerinde yardimci
etkileri oldugu gozlemlenmistir.

Anahtar Kelimeler: EPS; PGPR; Sakkaritler; biyo-detoksi-
fiye ajanlar; reokimyasal.

Introduction

Many microorganisms like fungi, microalgae, archaea and
bacteria produce saccharide polymers as structural com-
ponents, as well as extracellular excretions that are slimy
in appearance, loosely attached to the cell membrane as
lipopolysaccharides, covalently bonded with cell wall as
capsular polysaccharides or totally excreted to the envi-
ronment as exopolysaccharides [1, 2]. Exopolysaccharides
(EPS) are the macromolecules of organic nature gener-
ated by identical building micromolecules arranged in
repeated manner [3]. Many rhizobial species have surface
EPS essential for nodulation [4]. These extracellularly
produced biopolymers have diverse biological functions
such as protecting cell from desiccation and toxicity of
antibacterials, acting as virulence factors in symbiosis
and pathogenesis [5] and generated researcher’s atten-
tion towards their diversified applications in agriculture
as nutrient capturing agents [6], bioflocculants [7], biosor-
bents, heavy metal removal [8], solute delivery and bio-
active agents [9]. Bacterial EPS are generally recognized
safe having innovative physiochemical i.e. viscosifying,
stabilizing [3], gelling, emulsifying [10], antioxidant and
anti-inflammatory characteristics [11] that make them
appropriate for usage in agricultural, food and other
industries. These are advantageous over plant secretions
due to their reproducible physiochemical characteris-
tics, novel functionality with least cost and easy supply
[12]. Recently discovered and developed bacterial EPS i.e.
xanthan, gellan, alginates, cellulose, hyaluronic acid and
succinoglycan have improved rheological and chemical
characteristics [13, 14]. Bacterial EPS are more conveni-
ently degraded than synthetic polymers, hence constitute
least environmental pollution hazard [15]. EPS are quanti-
tatively as well as qualitatively dependent upon microbial
culture and media composition [16]. EPS composition,
branching, molecular size and synthesis rate depend
upon media composition [17]. High Ca:N ratio favors EPS
production [18]. Carbohydrate in media affects EPS yield,
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viscosity and molecular weight heterogeneity, but had no
influence on chemical structure [15].

Keeping in view the above figures it is evident that
these bacteria do not cause harm to human or plant
health, which also affirms the importance of exploitation
of microbial application in agricultural field operations.
Therefore, in this study EPS from bacterial isolates were
collected to characterize their chemistry and rheology.

Materials and methods

Mung bean rhizosphere samples were collected from 25
different locations (Named M, to MZS) and suspension of 1
g soil was made in sterile water and diluted serially up to
107° to isolate bacteria by plating on MY (Yeast extract 10
g, Maltose 20 g, KH,PO, 2 g and agar 20 g) medium [19].
Plates were incubated for 120 h at 25°C and (M,, M,, M, M,
M, M, M, M, M, M, M,, M, and M,,) plates having
shiny watery and mucoid appearance showed exopoly-
saccharide secreting potential of microbes. These visually
observed bacterial strains were further multiplied to obtain
their pure cultures. The purified strain (M,,) with highest
mucoid appearance was then cultivated in EPS-producing
broth medium (18.4 g L* yeast extract) along with differ-
ent oligosaccharides (sucrose, maltose and lactose) as
bacterial nourishment applied at different concentrations
(0, 1, 2, 5, 7 and 10%) then incubated at series of tempera-
tures (12, 22, 32 and 42°C) with orbital shaking (0, 100, 200
and 300 rpm) at neutral pH to find optimized EPS secre-
tion conditions [20]. Bacterial growth in broth culture was
determined by measuring optical density at 600 nm after
every 24 h’ interval. The optimized EPS-producing medium
and conditions will be utilized for all the other strains.
EPS were isolated and purified using the method
described before [21] with slight modifications. Bacterial
cells were spun at 10,000 rpm for 15 min at 4°C. The cell-
free supernatant was collected and kept at 4°C overnight
by adding three times 95% pure cold ethanol to precipi-
tate EPS. The precipitated EPS were then centrifuged at
10,000 rpm for 10 min and dissolved in DI water (50%
w/v). The solution was then treated with Chloroform:
n-butanol: Na,CO, (4:1:1) to remove lipids. It was then
dialyzed using dialysis bag at 4°C for 2 days replacing DI
water after every 8 h interval and then was lyophilized.
Colorimetric analysis of total carbohydrates [22], pro-
teins [23] and acetyl residues [24] in EPS were purified and
analyzed using UV detection at 210 nm on anion-exchange
chromatography (AEC) having 1.5 m x20 cm, quaternary
methyl ammonium column to determine its net negative
charge (Shimadzu LC-10A, Japan). The column was eluted
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with 0.05 M NH,HCO, followed by 0.5-2 M NaCl in the
same buffer at a flow rate of 2 mL min. Ten milliliter frac-
tions were separately collected to determine molecular
mass and sugar composition of EPS.

Myo-inositol was used as internal standard for the
analysis of monosaccharides. 0.1 mg equivalents of puri-
fied EPS carbohydrates were methanolysed using 0.9 M
methanolic HCl for 12 h at 80°C giving methyl glycosides
mixture as an end product that was dried at room temper-
ature. Five microliter of pyridine, 5 uL of acetic anhydride
and 50 uL of dried methanol was added to N-acetylate
the mixture [25]. The N-acetylated mixture was treated
with 15 uL trimethylsilyl imidazole for an hour resulting
into N-acetylated trimethylsilylated glycosides. Prepared
samples were dried under nitrogen and dissolved in 0.5 mL
hexane. The sample was then analyzed on Gas Chroma-
togram GC (Shimadzu GC-8A) using 30 m x0.32 mm PTE
5 fused silica capillary column injecting 1 uL. Oven was
initially adjusted at 80°C for 2 min then to 235°C @ 20°C
per min.

Viscosity of the 0.5% (w/v) EPS-water solution was
measured by using controlled stress Bohlin CSR10
Rheometer (Dallas, TX, USA). Turbidity of the solution is
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Figure 1: Profile of growth and EPS production by rhizobacterial
strain in MY complex medium regarding sucrose consumption.
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a degree of total suspended solids and was measured by
LaMotte 2020we Nephelometer (Chestertown, MD, USA)
total suspended solids (TSS) was measured by filtering
and weighing the suspended particles.

Results

Figure 1 shows fermentation profile of EPS-producing
plant growth promoting rhizobacteria (PGPR) strain (M,,)
isolated from mung bean root surface and grown in MY
complex medium containing 2% wj/v sucrose initial con-
centration, 5 days incubation at 32°C with 220 rpm orbital
shaking. Maximum growth (0D, ,=2.7) was observed after
72 h under these conditions. Sucrose catabolism accumu-
lated (5.2 g L) EPS after 72 h. The kinetics revealed that
EPS were mainly excreted during exponential growth with
a slight contribution during the early stationary phase and
degraded during the late stationary phase.

The effects of several cultural parameters i.e. incuba-
tion time (0, 24, 48, 72, 96 and 120 h), temperature (12, 22,
32 and 42°C), shaking speed (0, 100, 200 and 300 rpm) and
oligosaccharides (sucrose, maltose and lactose) concen-
tration (0, 1, 2, 5, 7 and 10%) as nourishment were tested
to search out ideal conditions for strain’s EPS synthe-
sis. Bacterial biomass and EPS production were counted
maximum with 2% sucrose than higher concentrations,
even 7-10% inhibited bacterial growth and EPS secretion.
EPS were also detected in absence of carbon source. PGPR
strain utilized every carbon source for growth-producing
EPS but the efficiency of sucrose was highest. EPS con-
tents were also calculated maximum at 32°C with 200 rpm
orbital shaking, while 12, 22 and 42°C temperatures and
static, 100 and 300 rpm shaking significantly inhibited
bacterial growth with lesser EPS yields (Table 1).

Table 1: Exopolysaccharide production of PGPR strain at different growth conditions.

Incubation time (hours)?

Incubation temperature (°C)°

0 24 48 72 96 120 0 12 22 32 42

EPS (gL ™) 0 2.9 4.6 5.2 4.8 4.73 0.03 1.5 3.2 4.1 0.08
Shaking speed (rpm)¢ Maltose
0 100 200 300 400 0 1 2 5 7 10
EPS (g L) 1.8 2.6 3.9 1.3 0 0.64 1.89 3.14 1.32 0.12 0
Sucrose Lactose
0 1 2 5 7 10 0 1 2 5 7 10
EPS (g L) 0.7 2.16 3.98 1.14 0 0 0.59 1.13 1.86 1.88 0.23 0

3Lab environment, MY complex medium and hand shaking after 6 h. °"MY complex medium, hand shaking and sample collection after 72 h.

72 h incubation and 32°C temperature.
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Chemical composition

EPS excreted by PGPR strain was heteropolysaccharide
that was mainly composed of carbohydrates (40% w/w),
also containing other organics i.e. acetyl residues (0.8-2%
w/w), proteins (1-2% w/w) and more than 50% inorganic
fraction. The polymer was strongly adsorbed onto anion
exchange QMA Sep-Pak cartridge referring its strong
anionic nature and to assess charge distribution polymer
was loaded on anion exchange column and eluted using
linear ionic strength gradient (Figure 2). Two chromato-
graphic peaks as output attested the presence of at least
two species (glucose 29% and mannose 52% w/w) and
very small quantity of rhamnose (0.5% w/w).

Rheological behaviour of EPS

Viscosity of EPS aqueous solutions over a range of shear
rates was measured to assess the rheological characteris-
tics of EPS. The concomitant decreasing trend of viscos-
ity with shear rate shows pseudoplastic character of EPS
solutions (Figure 3). EPS did not form viscous solutions.
Particle suspension produces turbid solutions. Station-
ary to exponential growth the suspended solids in solu-
tion increase that resulted in more turbid solution while
in decline phase there is stagnant suspension (Figure 4).
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Figure 2: Anion exchange chromatogram of the EPS synthesized by
Rhizobacterial strain.
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Figure 3: Viscosity of 0.5% w/v solutions of EPS synthesized by
Rhizobacterial strain.
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Figure 4: Turbidity and total suspended solids in 0.5% w/v
solutions of EPS synthesized by Rhizobacterial strain.

Exopolysaccharide production of different
rhizobacterial strains

Rhizobacterial strains selected on the basis of optical den-
sities and mucoid shiny appearances were then incubated
at 32°C for 72 h. Exopolymer secretions of these bacterial
strains have been presented in (Table 2).

Exopolymers amounted 6.83 (g L) were found in the
secretions of M,, that was 0.4, 1.3 and 1.54 g more than
M, M and M, but was noticeably greater than all of the
other strains. These EPSs majorly constituted of saccha-
ride units as 4.51 g of carbohydrates were observed out of
6.83 g released by M,, followed by 4.12, 3.57 and 3.46 g in
M, and M,, respectively. Quantification of monosaccha-
ride fractions (Glucose, Mannose, Rhamnose, Galactose,
Arabinose, Xylose and Fucose) is presented in Table 2
that elaborates sizable quantities of glucose, mannose
and rhamnose while traced or non-detectable contents of
galactose, arabinose, xylose and fucose.

Polyamines were fractionated 0.39 g L™ in M,, secre-
tions in continuity with M, (0.35 g L) and were mark-
edly higher in contents than all other stains. Residues of
acetyls were found highest 2.05 g L™ in M,, that were strik-
ingly similar to M,, (1.85 g L") but were pointedly greater in
amounts than other strain secretions. Inorganic fraction
i.e. sulfate was found 11.5 and 11.3 g L' in the secretions of
M,, and M, that were suggestively greater in contents than
all other strains.

Discussion

We have studied EPS synthesis by PGPR species. Our
results indicated a close association of growth with EPS
production, since their excretion was mainly during expo-
nential growth, although a slight continuation during
stationary phase. EPS clings to cell surface during growth
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Table 2: Characteristics of exopolysaccharides produced by different PGPR strains.

Monosaccharides (g L-?)

EPS chemical composition (g L-%)

EPS

Strains

Fucose

Rhamnose Galactose Arabinose Xylose

Glucose Mannose

Proteins Acetyl residues Sulfates

Carbohydrates

Yield (g L-Y)
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ND, not detected.

phase but released to medium during the stationary
phase that is evident from our results. Culture medium
possesses maximum EPS contents after 72 h of incuba-
tion during exponential growth that got declined during
static growth, probably because of enzymatic degrada-
tion. These results do not comply with previous workers
presenting different nutritional requirements of bacteria
for EPS release [26, 27]. Nevertheless, conditions leading
to maximized growth and EPS yield were (2% w/v sucrose
as a carbon source, 32°C temperature and 200 rpm orbital
shaking speed).

EPS chemical composition is not being affected by cul-
tural conditions but production declines with unfavora-
ble conditions. Studies of the effect of growth conditions
on polymer’s monomer composition revealed that EPS
sugar composition is also dependent upon carbon source
[28], kinetic and physicochemical parameters [29]. These
studies also reflected no influence of growth conditions
on relative proportion of sugars in EPS. Degest et al. [30]
also found no variation in sugar composition of EPS pro-
duced by Lactobacillus sakei using various carbon sources.
Arias et al. [31] stated variation in monosaccharide ratios
secreted by Halomonas maura with changing fermentation
conditions without changing types of sugars in EPS.

The bacterial EPS described until now are majorly
composed of a single fraction having molecular weights
between 2x10* and 2x 10’ [31, 32], although Idiomarina
spp. contain two fractions. Both fractions in EPS are within
the range previously described bacterial EPSs. Low mole-
cular weight of smaller fraction, (1.5x10%), explains low
viscosity of aqueous preparations because EPS molecular
mass distribution greatly influences solution’s rheology.

Inorganics like sulfate and phosphates in EPS are of
special importance imparting specific biomedical proper-
ties to most EPS [33]. For example, in the native state EPS

EPS similarity index
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Figure 5: Similarity index of PGPR strains on the basis of EPS
production and composition.
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produced by Alteromons infernus are inert, their potent
biomedical capability resulting from over-sulphation.

All rheo-chemical parameters were analyzed together
using multivariate technique (Cluster analysis). Six (M,,
M, M, MM, and Mzz) rhizobacterial strains have been
indicated in dendrogram showing maximum EPS yielding
potential (Figure 5).

Solute movement within the soil is one of the major
factors responsible for plant growth, that is dependent
upon solution’s viscosity. More viscous solutions have
lesser movement, hence reducing their approach to plant
root. EPS solutions having least viscosity allows more
solute transport and will ultimately result in better growth.
Suspended particles result in clogging of soil micropores,
due to that reason soil water retention capacity and root
penetration capacity got reduced.

Conclusion

Six strains (M,, M,, M, M, ,, M, and M, ) secreted notice-
ably greater amounts of exopolymers than other strains.
Organic nature and pseudoplasticity of these exopolymers
helps in soil structural restoration, sulfates and phos-
phates helps in heavy metals detoxication.
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