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SYNOPSIS

Introduction

Dextransucrase (1,6-a-D-glucan-6-a-glucosyltransferase, EC 2.4.1.5) is an
extracellular enzyme that catalyses the formation of dextran by transfer of D-glucosyl
moieties of sucrose to the growing polymer chain. Dextrans are a class of
homopolysaccharides containing a backbone of a-(1—6) glycosidic linkages and the
branching of a-(1—2), a-(1—3) or a-(1—4). Dextrans may be linear or branched, with
variable degree of branching. Dextran has been used as adjuvant, emulsifier, carrier
and stabilizer in food and pharmaceutical industries. Dextran are also used as matrix of
chromatography column, anticoagulant, as an anticancer agent, for enhanced oil
recovery, metal-plating and biomaterials. Dextran has been found suitable for cell-
resistant coatings on biomaterial surfaces. Functionality of dextran depends on its
structure and the strain of lactic acid bacteria synthesizing it. Dextran producing lactic
acid bacteria have attracted much attention due to immense industrial potential of
dextrans. The commonly known dextran producing lactic acid bacteria are
Lactobacillus, Leuconostoc and Streptococcus. However Pediococcus and Weissella
spp. also produce dextran. Molecular weight and linkage pattern of dextran play key
role in determining it’s application. High molecular weight dextran with linear structure
finds their application in food industries as hydrocolloids, whereas, low molecular
weight dextrans are important for clinical use. The branched dextran can be used to
produce branched oligosaccharides which have applications as prebiotics.

The lactic acid bacteria (LAB) have been isolated from different sources, but
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only few emphasized on isolation from fruits and vegetables. The LAB from lettuce,
cucumber and cabbage are not much studied. Fermented cucumber serves as traditional
food in some parts of the world. Therefore the isolation, screening and characterization
of industrially important LAB from fermented cucumber of untapped Indo-Burma
biodiversity hot spot, the Northeast India, deserve special attention. The hot and humid
tropical climate of Assam is conducive for isolation of microbes from the soil producing
rare and novel industrial enzymes and bioactive exopolysaccharides. With this
objective, a high dextransucrase yielding strain of lactic acid bacterium “CRAG3” was
isolated from the fermented cucumber. The isolate CRAG3 was physiologically and
biochemically characterized using Gram staining, catalase test, carbohydrate utilization
pattern and antibiotic susceptibility experiments to distinguish it from other closely
related lactic acid bacteria. 16s rRNA sequencing identified the isolate to be
Pediococcus pentosaceus, belonging to lactic acid bacteria family. The production,
purification and characterization of dextransucrase and dextran from Pediococcus
pentosaceus CRAG3 were carried out. In vitro cytotoxicity assay of dextran was
performed using various mammalian cell lines to evaluate its biomedical applications.
The production of both dextransucrase and dextran was enhanced using statistical
methods. The structure and properties of dextran were studied. The isolate was also
explored for its probiotic properties such as cell adhesion, resistance to biological

barriers, utilization of prebiotics and antibacterial activity.
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Present work
The present investigations are carried out on the “Dextransucrase and dextran
with anticancer properties from probiotic Pediococcus pentosaceus CRAG3

isolated from fermented cucumber”. The thesis work comprises 6 Chapters.

Chapter 1 is the General Introduction which represents the brief review of literature
dedicated to the importance of lactic acid bacteria, dextransucrase, dextran and their
characterization. It describes the molecular architecture, three dimensional structure of
dextransucrase and the mechanism of dextran production. The production, purification
and characterization methods of the dextransucrase and the exopolysaccharide dextran
have been described in this chapter. The chapter also elaborates the potential
applications of the dextran. Applications of dextran as food additive, biomaterial and
as anticancer agents are extensively reviewed. Statistical optimization of medium
composition by applying the Taguchi’s orthogonal methodology for maximizing
dextransucrase activity and dextran concentration is also described. The chapter 1 also
describes the role of lactic acid bacteria as probiotics. Cucumber is a good source of
lactic acid bacteria. The microorganism Pediococcus pentosaceus and their
phylogenetic and metabolic traits, dextransucrase and dextran production capacity and

their potential applications as probiotic are discussed.

Chapter 2 describes the detailed decorum of screening of the novel strain of lactic acid

bacterium, CRAG3 from fermented cucumber on the basis of its ability to produce

higher dextransucrase and dextran. The isolate CRAG3 displaying maximum enzyme
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activity (2.7 U/ml) and maximum total carbohydrate content (4.5 mg/ml) was selected
for identification and further biochemical characterization. The morphological
characteristics showed that it was Gram positive and coccus shaped bacterium, forming
round colonies. The physiological and biochemical characterization were carried out to
distinguish the isolate from other closely related lactic acid bacteria. The biochemical
characterization of isolate CRAG3 displayed its ability to utilize carbohydrates such as
cellobiose, dextrose, arabinose, sucrose, maltose, mannose and galactose. However, the
isolate CRAG3 failed to utilize raffinose, inulin, lactose and melibiose. Triple sugar
iron agar test also confirmed that the isolate CRAG3 was able to ferment sucrose and
glucose. The isolate CRAG3 was catalase negative since no bubble formation was
observed on addition of H>0O,. The motility agar test proved CRAG3 as a non-motile
bacterium since it did not spread in motility indole lyine agar slant. The antibiotic
sensitivity test showed that the isolate was resistant to cefixime, ciprofloxacin, co-
trimoxazole, kanamycin, nalidixic acid, sulphamethoxazole, tobramycin, trimethoprim,
vancomycin and gentamicin. The resistance of Pediococcus pentosaceus CRAG3 to
vancomycin, showed its common characteristics of lactic acid bacteria. Identification
of isolate was carried out on the basis of 16S rRNA sequence analysis. Consensus
sequence of 1,269 bp of 16S rDNA was generated from forward and reverse sequence
data using aligner software. The isolate was clustered with Pediococcus pentosaceus
strain ULAG75 (GenBank Accession Number: JN944736) and Pediococcus
pentosaceus (GenBank Accession Number: DQ267152) which confirmed it as
Pediococcus pentosaceus. The isolate CRAG3 was assigned the Genbank accession

number JX679020. The members of Pediococcus genus have great economic

TH-1219_08610605



Synopsis Xi

importance in the fermented food industry, as starter cultures in fermentation processes
of milk, meat, vegetable products and sausages and also as probiotics. Since the
dextransucrase producing ability of Pediococcus pentosaceus has not been much
explored, this isolate could serve as good candidate for potential applications in food

industries.

Chapter 3 deals with purification, identification and characterization of dextransucrase
from Pediococcus pentosaceus CRAG3 (Genbank accession number JX679020). The
culture supernatant of the isolate showed maximum dextransucrase activity (4.35 U/ml)
and total carbohydrate content (15.4 mg/ml) at optimum temperature and shaking
condition of 25°C and 180 rpm, respectively. The crude dextransucrase (0.67 U/mg)
was purified by PEG fractionation and gel filtration. The dextransucrase after
fractionation with PEG-1500 (10%, w/v) gave 20.0 U/mg specific activity with 30 fold
purification. The enzyme purified with PEG-1500 gave two bands of 224 and 188 kDa
on SDS-PAGE under denaturing condition. However, the same enzyme sample gave
single band of 224 kDa when run on native-PAGE and also on non-dentauring SDS-
PAGE after PAS staining with sucrose, which confirmed a single molecular and pure
form of dextransucrase. No band on gel incubated with raffinose was obtained which
ruled out the presence of fructansucrase. The dextransucrase purified by PEG-1500
(10%, wlv) was further purified by gel filtration using Sephacryl S-300HR column
which gave the specific activity of 46.0 U/mg with 69 fold purification. The enzyme
purified by gel filtration also showed 224 kDa band of dextransucrase on denaturing

SDS-PAGE. The presence of single magenta color band after PAS staining confirmed
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the presence of dextransucrase. The dextransucrase partially purified with 10% PEG-
1500 was further biochemically characterized. The assay conditions for dextransucrase
activity such as pH, temperature, sucrose concentration and ionic strength of buffer,
were optimized. The enzyme showed maximum activity (20.0 U/mg) in 5% sucrose in
20 mM sodium acetate buffer (pH 5.4) at 30°C. The effect of sucrose concentration on
dextransucrase activity showed that the specific activity increased with increasing
sucrose concentration to 5% but decreased thereafter, which suggested that it did not
completely follow classical Michaelis Menton kinetics. The purified dextransucrase
showed K, of 15.42 mM and Vmax of 20.9 U/mg. The effects of various metal ions on
dextransucrase activity showed that Co?* (4 mM), Ca®* (2 mM), Mg** (2 mM) and Zn**
(1 mM) enhanced the activity by 56%, 44%, 14% and 12%, respectively. This displayed
the importance of these metal ions for the catalytic efficiency of dextransucrase from
Pediococcus pentosaceus CRAG3. However, the dextransucrase activity was decreased
by 89% and 90% in presence of Mn>* (8 mM) and Ni** (8 mM), respectively. The
dextransucrase was stable up to 40°C when incubated for 1 h which showed its superior
property over other previously reported dextransucrases which were stable up to 30°C.
The storage stability of dextransucrase was also studied at different temperatures and
pH. The dextransucrase was most stable at -20°C with half-life of 307 days, half-life
(t12) of 85.5 h and 15.53 h, respectively as compared to control (6.9 h). The effect of
purified dextransucrase on sucrose supplemented milk showed the solidification of milk
due to formation of dextran, signifying its importance in improving the texture of dairy

and bakery products. The purified dextransucrase from Pediococcus pentosaceus
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CRAG3 with higher activity and stability can serve as a potential candidate for

industrial applications.

Chapter 4 describes the production, purification and structural characterization of
dextran produced by the lactic acid bacterium isolate Pediococcus pentosaceus
CRAGS3. The dextran produced by dextransucrase from the isolate was purified and its
structure and properties were studied. The purified dextran displayed number average
molecular weight, 2.93x10°. The high molecular weight dextran can be used as food
ingredient in bakery products or in gel filtration material like Sephadex products. The
SEM analysis of dextran revealed porous structure, which accounts for its importance
as a carrier for drug delivery. The monosaccharide analysis of dextran confirmed the
presence of only glucose monomeric units. The FTIR spectrum showed the presence of
a-(1—6) and a-(1—3) linkages which were further confirmed by NMR spectroscopy.
The 'H-NMR spectrum confirmed the presence of a-(1—6) linear chain and a-(1—3)
branching. The dextran possesses 75% a-(1—6) linear linkage and 25% a-(1—-3)
branched linkages. The '*C-NMR spectrum of dextran also confirmed the presence of
a-(1—6) and a-(1—3) linkages. The dextran with branching can be used for production
of branched oligosaccharides which have superior prebiotic properties over linear
oligosaccharides. The in vitro cytotoxicity effect of Pediococcus pentosaceus CRAG3
dextran on HeLLa and HT29 cell lines showed its anti-cancer activity against both cell
lines. Dextran at 1 pg/ml for HeLa cells and 500 pg/ml for HT29 cells, displayed per
cent survival of 63.3+3.2% and 34.24+0.54%, respectively. The effect of dextran on

murine macrophages (J774A.1) line showed increase in macrophage growth by 20%.
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The anti-cancer activity of dextran from Pediococcus pentosaceus CRAG3 might be
due to macrophage activation. This branched dextran from Pediococcus pentosaceus
CRAG3 may potentially be used for clinical purposes. Till date not much attention has
been paid to the dextran production capacity of Pediococcus pentosaceus. This study
reveals a novel branched anticancer dextran producing bacterial isolate which could be

a good candidate for dextran production in the pharmaceutical industry.

Chapter 5 deals with optimization of medium composition by the statistical tool,
Taguchi methodology for maximization of dextransucrase and dextran production from
Pediococcus pentosaceus CRAG3. The branched dextran producing Pediococcus
pentosaceus CRAG3 was selected for optimization of medium components for
enhanced dextransucrase and dextran production using One Variable at a Time (OVAT)
approach and Taguchi orthogonal array design. The effects of sucrose, yeast extract,
beef extract, peptone, K;HPO4 and Tween 80 on dextransucrase and dextran production
were analysed. The dextransucrase activity and dextran concentration in control
medium was 4.5 U/ml and 4.5 mg/ml, respectively. The sucrose at a concentration of
3.5% (w/v) resulted in 1.75 fold increase in dextransucrase activity (7.9 U/ml) with
respect to control. 1% (w/v) yeast extract gave 6.5 U/ml dextransucrase which was 44%
higher as compared to the control containing 2% (w/v) yeast extract. However, the
addition of beef extract (1%, w/v) or peptone (1%, w/v) to the control medium increased
the dextransucrase activity to 7.35 U/ml and 8.3 U/ml, respectively. There was an
increase in dextransucrase activity with increase in concentrations of KoHPO4 and

Tween 80. The increase in activity was 38% (6.2 U/ml) and 100% (9.0 U/ml) at 1%
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(w/v) Ko2HPO4 and 1% (v/v) Tween 80, respectively. The effects of nutrients on dextran
production showed that sucrose (3.5%, w/v), yeast extract (1%, w/v), peptone (1%, w/v)
and KoHPO4 (1%, w/v) favoured its production with 180%, 27%, 6% and 178%
increase in dextran concentration, respectively. However, beef extract (0.1%, w/v) and
Tween 80 (0.05%, w/v) negatively affected dextran production with 17% and 20%
decrease in dextran concentration. Based on the results of OVAT, the different levels
of medium components were selected for medium optimization of dextransucrase and
dextran production using Taguchi methodology. The effect of factors on response
showed that Tween 80 had an ample effect and yeast extract had least effect on
dextransucrase production by P. pentosaceus CRAG3. However, K;HPO4 showed most
significant effect and Tween 80 showed least effect on dextran production by P.
pentosaceus CRAG3. ANOVA showed significant effect of sucrose, Tween 80 and
K>;HPO4 on dextransucrase production. On the other hand, sucrose, peptone and
K>;HPO4 were found to be most significant for dextran production. The optimized
medium for dextransucrase production contained (%, w/v): sucrose, 3.5%; yeast
extract, 0.2%; beef extract, 0.5%; peptone, 3%; MgS0O4.7H>0, 0.02%; MnS0O4.4H>0,
0.001%; FeSO4.7H20, 0.001%; CaCl2.2H20, 0.001%; NaCl 0.001%; KoHPOs, 0.2%
and Tween 80, 1% (v/v). However, the optimized medium for dextran production
consisted (%, w/v): sucrose, 5%; yeast extract, 2%; beef extract, 0.5%; peptone, 1%;
KoHPO4, 0.2%; MgS04.7H20, 0.02%; MnS0O4.4H20, 0.001%; FeSO4.7H20, 0.001%;
CaCL.2H,0, 0.001%; NaCl 0.001% and Tween 80, 0.1%. Significant increase in
dextransucrase activity and dextran concentration was observed in optimized medium

(10 U/ml and 16 mg/ml, respectively) as compared to unoptimized medium (4.5 U/ml
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and 4.5 mg/ml, respectively). Validation of data was done at flask and bioreactor levels.
The maximum dextransucrase activity achieved in shake flask and bioreactor level was
10.1 U/ml and 10.2 U/ml, respectively which was in good agreement with Taguchi
predicted result (10.5 U/ml). The maximum dextran concentration at shake flask level
was 16 mg/ml which was also in accordance with Taguchi predicted value (15.98
mg/ml). Interestingly, the enhancement in dextran concentration (24 mg/ml) was
observed at bioreactor level which might be due to higher growth of cells. These results
are encouraging for pilot scale or industrial scale production of dextran from hyper

producing Pediococcus pentosaceus CRAG3.

Chapter 6 deals with the probiotic potential of Pediococcus pentosaceus CRAG3
(Genbank accession number JX679020). The probiotic potential of the isolate was
determined by analyzing surface adhesive property, hydrophobicity and resistance to
biological barriers. The isolate showed 33% hydrophobicity after 20 min which
signifies the hydrophobic nature of its cell surface and significant factor in microbial
adhesion. It displayed 43% autoaggregation and 10% coaggregation with E. coli after
5 h which are also related to cell adhesion properties of a probiotic microorganism. The
coaggregation of Pediococcus pentosaceus CRAG3 with other microbes could increase
its colonization potential if it was to be used in mixed culture as probiotics. It may also
constitute an important host defence mechanism against infection, since it is a potent
producer of lactic acid (an inhibitor to pathogenic bacteria). It displayed good adhesion
property with mammalian cell lines (HeLa and J774A.1) in in vitro conditions which

confirmed its ability to adhere with mammalian cells signifying in competing with other
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microorganisms in gastrointestinal tract. The isolate also showed ability to resist 100
ug/ml of lysozyme for 2 h with 75.0% survival displaying its ability to overcome the
first biological barrier in mouth. P. pentosaceus CRAG3 displayed tolerance against
simulated gastric juice (pH 3.0) with 58% survival showing its ability to transit through
high acidic environment of stomach. It possessed tolerance (73%, 63% and 50%
survival) in presence of 0.3%, 0.5% and 1.0% (w/v) bile salts, respectively, which are
potent antimicrobial agents. Pediococcus pentosaceus CRAG3 also showed 1.04 U/ml
bile salts hydrolase (BSH) activity with yellow halo (6 mm) around colonies. It
exhibited antibacterial activity against E. coli, S. aureus and B. subtilis which might be
due to the production of lactic acid signifying its capability to kill pathogenic
microorganisms. Pediococcus pentosaceus CRAG3 displayed ability to utilize
prebiotics such as inulin and raffinose with 37.5% and 6%, respectively, the relative
cell growth which is also one of the important properties of a microorganism to behave

as probiotic.
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Chapter 1

General Introduction

1.1 Isolation and identification of lactic acid bacteria

The lactic acid bacteria (LAB) are a group of Gram-positive rod and coccus
shaped, non-spore forming, non-motile microorganisms. The major product formed
during the fermentation of carbohydrates is lactic acid. This group comprises the
genera like  Carnobacterium,  Enterococccus, Lactobacillus, Lactococcus,
Lactosphaera, Leuconostoc, Melissococcus, Oenococcus, Pediococcus,
Streptococcus, Tetragenococcus, Vagococcus and Weissella (Stiles and Holzapfel,
1997; Holzapfel et al., 2001). Although there are reports available on isolation of
LAB from different sources, only few emphasized on isolation from fruits and
vegetables (Padmaja et al., 2011; Ravi et al., 2011), but from lettuce, cucumber and
cabbage are not much studied. Fermented cucumber serves as traditional food in
many parts of the world (Chen et al., 2012). It has been reported that the fermentation

in cucumbers occur by lactic acid bacteria (Singh and Ramesh, 2008). Cai et al.
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(1999) isolated and characterized Pediococcus species forage crops. The isolation and
characterization of antimicrobial Pediococcus species from South African farm-style
cheese was reported by Gurira and Buys (2005). The isolation and probiotic potential
of Pediococcus spp. from Turkish-type fermented sausages (Sucuk) has been done by
Yuksekdag and Aslim (2010).

Various methods have been used for identification of bacteria but the use of
16S rRNA sequences for phylogenetic analysis has been generally accepted (Fetsl et
al., 1986; Barry et al., 1990). Woese and his co-workers compared a stable part of the
genetic code to determine phylogenetic relationships of bacteria and other life forms
(Woese et al., 1985; Woese, 1987). This included the genes that code for the 5S, the
16S (also known as small subunit), and the 23S rRNA and the spaces between these
genes. But now-a-days most commonly used part of DNA for bacterial taxonomy is
the gene 16S rRNA gene (Bottger, 1989; Kolbert and Persing, 1999; Palys et al.,
1997; Garrity and Holt, 2001; Tortoli, 2003; Harmsen and Karch, 2004). The 16S
rRNA gene is also designated as 16S rDNA, and the terms have been interchangeably
used. The length of 16S rRNA is about 1,550 bp which is composed of both variable
and conserved regions. Usually universal primers chosen are complementary to the
conserved regions of the gene at either 540 bp region or at the end of the whole
sequence which is about 1,550 bp region and the sequence of the variable region in
between is used for comparative taxonomy (Chen et al., 1989; Relman, 1999). The
16S rRNA gene sequence has been determined for a large number of strains and this
gene is universal amongst bacteria which help in measuring relationships among all
bacteria (Woese et al., 1985; Woese, 1987). In other words the 16S rRNA gene

sequence comparison allows differentiating organisms at genus level and also
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classifying strains at species and subspecies level. Now it is also important to consider
that is it necessary to sequence the whole 1.5 kb length or whether the commonly
reported shorter sequence can provide enough information. It has been reported that
sometimes it is necessary to sequence the entire 1.5 kb region for identification
(Sacchi et al., 2002a; Sacchi et al., 2002b). Usually the entire 1.5 kb sequence is
required when describing a new species. However, the first 500 bp sequence of many
clinical bacteria provides sufficient variation for identification. This also provides a
large difference between strains due to the presence of more diversity per kilobase
sequence in the region. Kattar et al. (2001) found in 16S rRNA of Bordetella spp.

that there is 66% variability in initial 500 bp.

1.2 Glycosyltransferases from lactic acid bacteria

Glycosyltransferases are enzymes which catalyse the transfer of sugar
moieties from activated donor molecules to specific acceptor molecules, forming
glycosidic bonds (Monsan et al., 2010; van der Vlist et al., 2011). The 'activated'
sugar phosphates act as glycosyl donors that transfer glycosyl group to a nucleophilic
group, usually an alcohol forming an O-, N-, S- or C- glycoside; the glycoside may be
part of a monosaccharide, oligosaccharide or polysaccharide (Campbell et al., 1997,
Coutinho et al., 2003; Lairson et al., 2008; Robert and Spencer, 2009).
Glycosyltransferases can be classified as either retaining or inverting enzymes
according to the stereochemistry of the substrates and reaction products (Sinnott,
1990). Till date glycosyltransferases have been classified into 94 families of
glycosyltransferase (GT) on the basis of sequence similarity as listed in CAZy

database (http://www.cazy.org/GlycosylTransferases.html).
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1.2.1 Dextransucrase

The dextransucrases are large size extracellular enzymes which catalyse the
formation of various glucans (dextran, mutan, alternan and reuteran) using sucrose as
a substrate (Purama and Goyal, 2005). Dextransucrases (also known as
glucosyltransferases) have been classified in family 70 of glycoside hydrolases
(GH70) on the basis of sequence homology and glycoside hydrolases have been
grouped into 111 families (http://afmb.cnrs-mrs.fr/CAZY/). The first three-
dimensional structure of GH70 GSs has become available in truncated forms of the
enzyme (Vujicic-Zagar et al., 2010; Ito et al., 2011; Brison et al., 2012). The nature of
product form depends on the type of enzyme used, such as dextransucrase catalyses
the formation of dextran, mutansucrase is used for the production of mutan,
alternansucrase for alternan and reutransucrase for synthesis of reutran. Robyt (1995)
reported that molecular mass of dextransucrase (sucrose: 1,6-0-D-glucan 6-a-
glucosyltransferase; EC 2.4.1.5) vary from 64 to 185 kDa. However, dextransucrase
has also been reported to exist in single or multiple forms having molecular weight in
the range 64,000-245,000 (Kobayashi and Matsuda, 1980; Goyal and Katiyar, 1994;
Purama and Goyal, 2007). Such variation is associated with the presence of dextran in
the purified dextransucrase preparations, disassociation of high molecular mass
multimeric complex (Kim and Robyt, 1994) or action of proteases (Miller and Robyt,
1986).

It has been reported that divalent cations have a significant role in maintaining
the enzyme activity as most of them act as cofactors (Majumder et al., 2008). The
dextransucrase activity increased by 22, 14, and 13% by the addition of 2 mM MgClb,

2 mM CoCl,, and 4 mM CaCl» to dextransucrase (Rao and Goyal, 2013). Shukla et al.
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(2013b) also reported the positive effect of Co®* and Ca®" ions on WcCab3-DSR
activity. There have been various reports for the use of stabilizers to enhance the
stability of dextransucrase (Purama et al., 2010; Kothari et al., 2011; Rao and Goyal,
2013; Shukla et al., 2013). For instance, glycerol and Tween 80 efficiently enhanced
the Wc-Cab3 DSR (dextransucrase) stability and the half-life at 30° (Shukla et al.,
2013). Tween 80 also provided the maximum stabilization to dextransucrase from the
mutant of Pediococcus pentosaceuos SPAm against activity loss at 30°C and 4°C
(Kothari et al., 2011). Rabelo et al. (2011) reported the effect of cashew apple juice as
a stabilizer for the crude dextransucrase, from Leuconostoc citreum B-742. The crude

enzyme presented good stability in cashew apple juice for 48 h at 25°C and pH 6.5.

1.2.2 Mechanism of action of dextransucrases
Dextransucrase catalyzes the transfer of glucosyl moiety from sucrose. The
resulting product formed by the acceptor reaction of dextransucrases depends on the
destination of these glucosyl units (Mooser, 1992) (Fig. 1.1). Depending upon the
type of acceptor molecule dextransucrases catalyse two types of reactions
(A) Glucosyl transfer, when growing chain acts as acceptor. It can be
i) Polymerisation, when growing dextran chain is an acceptor (Fig. 1.1A) or
ii) Oligosaccharides synthesis, when acceptor molecules are oligosaccharides
(such as maltose, isomaltose and galactose). This is called acceptor
reaction and it leads to inhibition of dextran production (Fig. 1.1B) and
(B) Hydrolysis, when water is an acceptor molecule (Fig. 1.1C)
The acceptor reaction involves the transfer of glucosyl moiety to a growing

dextran chain. However, the transfer of dextranyl group to a dextran chain leads to
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give dextranyl branched dextran chains (Robyt and Taniguchi, 1976). The transfer of
the dextranyl chain can also occur on to water and/or to an acceptor saccharide such
as D-glucose, D-fructose, sucrose, or maltose to release the dextran from the active site
and terminate polymerization (Robyt and Walseth, 1978; Luzio and Mayer, 1983).
With maltose as an acceptor molecule, dextransucrase synthesizes oligosaccharides
with a-(1—-2) glycosidic bonds (Paul er al., 1992; Remaud-Simeon et al., 1994).
These oligosaccharides resist hydrolysis by the digestive enzymes in animals and
humans because of the configuration of their glycosidic bonds and they selectively
stimulate the growth of intestinal microflora such as Bifidobacterium spp.,
Lactobacillus spp. and Bacteroides spp. (Valette et al., 1993). But whatever be the
end product formed the transfer of glucosyl units occur through the formation of
covalent glucosyl-enzyme complex (Ebert and Schenk, 1968; Robyt et al., 1974;
Luzio and Mayer, 1983) (Fig. 1.1). The complex was first isolated for the

glucansucrase produced by S. sobrinus by Mooser and Iwaoka (1989).

Sucrose

3 Acceptor
D-glucosyl-Enzyme Glucosylated

e acceptor
Fructose P

Enzyme

Enzyme
D-Glucosc

Fig. 1.1 Mechanism of reaction by glucosyltransferase showing transfer of
glucosyl moiety to (A) Growing dextran chain, (B) Oligosaccharides and
(C) Water (Mooser, 1992).
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The growth of dextran chain occurs by two alternative mechanisms:

(A) Non-reducing end elongation in which there is participation of one site (an
aspartate or glutamate) that acts as a nucleophilic group and another residue acts as a
proton donor. The formation of covalent glucosyl-enzyme complex might takes place
by nucleophilic attack of carboxyl group on C1 of the glucosyl unit of sucrose, while
the other acidic group might release the fructose by giving a proton to the oxygen
atom of glucosidic link. Mooser et al. (1991) gave the fact that only one site capable
of making a covalent bond with the glucose moiety originating from the breakdown of
sucrose which supports this hypothesis. The members of family GH70 elongate
oligosaccharides at non reducing end (Monchois et al., 2000; Arguello Morales et al.,
2001; Kralj et al., 2005). But this hypothesis was considered inappropriate by Su and
Robyt (1994). (B) The another mechanism is reducing end elongation which involves
two step reaction with two sucrose binding sites (nucleophiles). Ebert and Schenk
(1968) were the first to propose a mechanism where glucan elongation occurred at its
reducing end. It was also supported by Robyt et al. (1974), Robyt (1996) and
Monchois et al. (1999). According to this mechanism, the growth of dextran chain
occurs by successive insertions of glucose moiety between catalytic site of enzyme
and reducing end of polysaccharide. This mechanism consists of two distinct steps
(Robyt et al., 1974)

1. Where the two nucleophilic sites attack two sucrose molecules resulting in the
release of two fructose molecules and giving two glucosyl residues covalently
linked to the enzyme and

ii. The —OH group of C6 of one of the two glucosyl residues may make a nucleophilic

attack on the C1 of the other one forming an a(1—6) bond and release one of the
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two nucleophilic sites. The released nucleophilic sites can attack another sucrose

molecule to create a new covalent glucosyl-enzyme complex.

Dextran elongation occurs by this mechanism where the two catalytic sites are
alternately involved in covalent complexes with glucosyl residue or dextran and at
each step, a glucosyl residue is inserted at the reducing end of the glucanosyl-enzyme
complex. The same mechanism is expected to be used by amylosucrase (family 13
member) (Uitdehaag et al., 1999, Albenne et al., 2004, Jensen et al., 2004), in which a
covalent glucosyl-enzyme complex intermediate is formed. The similar set of
experiments was conducted on S. mutans 6715 dextransucrase (Robyt and Martin,
1983) and with an immobilised dextransucrase free of glucan from S. sanguis ATCC
10558 (Ditson amd Mayor, 1984) in the support of fact that chain growth occurs at the
reducing end. Recently, Robyt ef al. (2008) have explained that the three conserved
amino acids at one active-site can participate in the two catalytic-site, insertion
mechanism. Robyt ef al. (2008) also showed that the molecular size of dextran is
inversely proportional to the concentration of the enzyme which indicated that the
elongation of dextran is a highly processive reaction in which glucose is rapidly added
to the reducing-end of the covalently linked, growing dextran chain.

However, a recent study on the crystal structure of a glucansucrase fragment
(GTF180-AN) from Lactobacillus reuteri 180 have supported the non-reducing end
growth mechanism (Vujicic-Zagar et al., 2010). The crystal structure of the
glucansucrase fragment (GTF180-AN) from L. reuteri 180 has confirmed that there
was only one active site with no space for another covalently bound glucosyl residue

or dextranyl chain (Vujicic-Zagar et al., 2010).

TH-1219_08610605



Chapter 1 9

1.2.3 Production of dextransucrases

Dextransucrases are commonly produced by four genera of lactic acid bacteria
(LAB) namely Streptococcus, Leuconostoc, Weissella and Lactobacillus (Purama and
Goyal, 2005). However, dextransucrase from Pediococcus spp. has also been reported
(Patel et al., 2011a). There are reports on the production of dextransucrase using
shaken and static flask cultures (Tsuchiya et al., 1952; Goyal et al., 1995). The
dextransucrase and dextran production from various lactic acid bacteria have been
scaled up in the bioreactor (Patel et al., 2011b; Shukla and Goyal, 2013a; Shukla and
Goyal, 2013b). Purama and Goyal, 2008 scaled-up the batch cultivation from the flask
culture to a bioreactor containing 1.41 of the optimized medium which resulted in a
dextransucrase specific activity of 0.70 U/mg. The dextran concentration from
Pediococcus pentosaceus SPAm was successfully enhanced in a 31 bioreactor using
statistical optimized medium (Patel et al., 2011b). The aeration conditions have also
been optimized for production and scale up of dextransucrase from (Michelena et al.,

2003; Purama and Goyal 2008a).

Taguchi orthogonal design

The production of dextransucrases is affected by various factors like
temperature, aeration, medium components (Tsuchiya et al., 1952; Lazic et al., 1993;
Goyal et al., 1995; Rodrigues et al., 2003; Cortezi et al., 2004). Hence there is a need
of developing proper fermentation media to improve its efficient utilization in
fermentation technology. The initial step in process of media optimization is to screen
important factors affecting the production. However, alteration of one factor at a time,

for conventional optimization of product formation, is a time and labour consuming
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process and also it does not effectively provide the combinatorial effect of studied
factors (Beg et al., 2003). Hence to overcome such situation, statistical approaches
have been developed using a combination of mathematical and analytical tools (Box
and Hunser, 1975). In this respect, recently developed orthogonal array (OA)
optimization methodology provides offline quality control of system, parameter, and
tolerance designs that help in the identification of key factors and their levels for best
performance (Joseph and Piganatiells, 1988; Sreenivas et al., 2004). For this,
simultaneous study of various control factors and their optimization by statistical
experimental designs have been done (Sreenivas et al., 2004; Abdel-Fattah et al.,
2005). Various methods have been developed for optimization of nutrient’s concentration
such as neural networking (Singh et al., 2008), Box Behnken method (Navaneeth et al.,
2009) and central composite design (CCD) (Patel et al., 2011b). Among various
statistical experimental designs studied, Taguchi experimental design was found to be
better method by which the simultaneous examination of many factors can be done
with the extraction of much quantitative information with a few experimental trials
(Umesaki et al., 1977; Stone and Veevers, 1994; Houng et al., 2006). There are only
few reports available on the application of Taguchi’s method in the field of
biotechnology (Cobb and Clarkson, 1994; Han et al., 1998; Jeney et al., 1999).
However, the basic principle of this method serves as screening filters which examine
the effects of many process variables and identify those factors which have major
effects on process using a few experiments (Dasu et al., 2003). Taguchi method of
design of experiments (DOE) involves establishment of large number of experimental
situation described as orthogonal arrays (OA) to reduce experimental errors and to

enhance their efficiency and reproducibility of the laboratory experiments (Krishna
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Prasad et al, 2005). Shukla and Goyal (2012) reported the use of Taguchi
methodology for enhanced production of dextransucrase and dextran from

Pediococcus pentosaceus CRAG3.

1.2.4 Purification of dextransucrases

Dextransucrase occurs in aggregated form resulting in its high molecular
weight. The production of dextran increases viscosity of culture medium causing
troubles in purification of enzyme. The purification of dextransucrases can be done by
ultra-filtration, salt and PEG precipitation, phase-partitioning and chromatography,
alone or in combination (Majumder et al., 2007). The purification of dextransucrase
from L. mesenteroides by ammonium sulphate precipitation was first done by Hehre
(1946). Later, ammonium sulphate, alone or in combination with other solvents was
used for the purification of dextransucrases from different strains. The dextransucrase
from L. mesenteroides B-512 was purified by fractionation with ammonium sulphate
and alcohol (Koepsell and Tsuchiya, 1952). But this method was found to be
unsuccessful, as the reduction in about 90% activity of dextransucrase was observed
at 80% (w/v) concentration of ammonium sulphate (Robyt and Walseth, 1978). The
purification of dextransucrase from L. mesenteroides B-1299 using ammonium
sulphate fractionation was also carried out by Gupta and Prabhu (1995). The
purification of dextransucrase has also been done by fractionation with alcohol
(Tsuchiya et al., 1955) and 50% glycerol (Rodrigues et al., 2003). The dextransucrase
was successfully purified by precipitation with polyethylene glycol (PEG), which is
one of the simplest, effective and one step purification method (Russell, 1979; Goyal

and Katiyar, 1994; Purama and Goyal, 2007; Patel et al., 2011a). Due to their large
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molecular weight and aggregate forming tendency in solution of dextransucrases,
non-ionic hydrophilic polymer PEG is used for its purification (Goyal and Katiyar,
1994; Nigam et al., 2006; Purama and Goyal, 2007). The PEGs of different molecular
weights are used for precipitation of dextransucrase such as PEG 400 and PEG 6000
has been used for precipitation of dextransucrase from Streptococcus mutans (Russell,
1979), high molecular weight PEG 20000 has been used for purification of
dextransucrase from L. mesenteroides B-512FM (Su and Robyt, 1994), while
dextransucrase from L. dextranicum B-1146 was purified using PEG 200, PEG 400,
PEG 4000 and PEG 6000 (Majumder et al., 2008). Dextransucrase from Pediococcus
pentosaceus isolated from soil of North East India was purified by polyethylene
glycol (Patel et al., 2011a). Although various PEGs are used for precipitation of
dextransucrase, but high molecular weight PEGs such as PEG 6000 also allows other
proteins to precipitate. Hence, PEG 400 is usually preferred for purification due to its
ability to get removed after dialysis.

Another method for purification of dextransucrase is gel filtration. Various
columns containing matrices such as Sephacryl S-200HR, Sephacryl S-300HR,
hydroxyapatite, DEAE-cellulose, DEAE-sephadex, sephadex, ultragel AcA 34 have
been used for the purification of enzyme. Sephadex has good affinity for dextran,
hence can be used for purification of dextransucrase to get polysaccharide free
enzyme. The purification of dextransucrase from L. dextranicum NRRL B-1146
(Majumder et al., 2008) and L. mesenteroides NRRL B-640 (Purama and Goyal,

2008) has been successfully done by gel filtration using Sephacryl S-200HR matrix.
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1.3 Exopolysaccharides from lactic acid bacteria

Exopolysaccharides are high molecular weights biopolymers which attain
sometimes several millions of Daltons. A number of lactic acid bacteria (LAB)
including Leuconostoc and Pediococcus spp. produce long-chain polysaccharides and
are mainly extracellular (Sutherland, 1994). Depending on the monomeric units
present they can be heteropolymers (consisting of two or more different types of
monomers) of neutral sugars (pentoses and hexoses) or anionic sugars (hexoses) or
homopolymers (consisting of one type of monomers). Homopolymers are composed
of a variety of sugar residues, chiefly glucose, galactose, fructose and rhamnose or
sometimes charged groups such as acetate, phosphate or glycerolphosphate (de Vuyst
& Degeest, 1999). The homopolymers consisting of glucose units are termed as
glucans and those contains fructose monomers are known as fructans. These are
synthesised by enzymatic reaction catalysed by glucosyltransferase (for glucans) or
fructosyltransferase (for fructans) using sucrose (a-D-glucopyranosyl-(1,2)-B-D-
fructofuranoside) as a substrate. The applications of polysaccharides from various
sources have been observed especially in pharmaceutical, food, agriculture and fine
chemical industries (Sutherland, 1998; Majumder et al., 2007; Patel et al., 2012;
Shukla and Goyal, 2013a). The exopolysaccharides are of two types;
heteropolysaccharides and homopolysaccharides as described later in Section 1.3.1

and 1.3.2.

1.3.1 Heteropolysaccharides from lactic acid bacteria
Heteropolysaccharides (HePSs) are the exopolysaccharides that contain two or

more different kind of monosaccharides. They are synthesized by intracellular sugar
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nucleotides, the intermediates of carbon metabolism and their monomers are formed
in cytoplasm. They provide extracellular support to very different organisms, from
prokaryotes to eukaryotes. The important heteropolysaccharides of extracellular
matrix are hyaluronic acid, chondroitin sulfates and dermatan sulfates together with
fibrous proteins, like collagen, elastin, fibronectin and laminin. These usually formed
by the repetition of a disaccharide unit of an aminosugar and an acid sugar. Lactic
acid bacteria synthesize HePSs at different stages of growth and the growth conditions
regulate the amount and type of polymer (De Vuyst and Degeest, 1999). Structurally
they are ropy or mucoid. The effects of nutrients on growth, metabolic pathways and
biosynthesis of HePSs by lactic acid bacteria can be studied by chemically defined
medium containing carbohydrates, amino acids, vitamins, nucleic acid bases and
mineral salts. The production of heteropolysaccharides by LAB vary significantly
amongst different strains such as 50-350 mg/l for Streptococcus thermophilus, 80-600
mg/l for Lactococcus lactis subsp. cremoris, 60-150 mg/l for Lactobacillus
delbrueckii subsp. bulgaricus (Cerning, 1995), and approximately 140 mg/l for

Lactobacillus plantarum (Tallon et al., 2003 Tsuda and Miyamoto, 2010).

1.3.2 Homopolysaccharides from lactic acid bacteria

Homopolysaccharides are the polymers consist of single type of monomers
such as cellulose (a linear polymer of D-glucose residues bonded by B-(1—4)-O-
glycosidic linkages), dextran (a polymer consists of D-glucose residues bonded by a-
(1-6)-O-glycosidic linkages) and fructan (a polymer of D-fructose residues bonded
by B-(2—1) orf-(2—6) linkages). The synthesis of homopolysaccharides (HoPSs) in

lactic acid bacteria has been mainly studied in species of Streptococci, Leuconostoc
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and Lactobacillus (Monsan et al., 2001). However the homopolysaccharides from
Pediococcus spp. (Patel et al., 2010; Shukla and Goyal 2013a) and Weisella spp.
(Shukla and Goyal, 2013b) has also been reported. These are synthesized by
extracellular  glycosytransferases using sucrose as the glucosyl donor.
Glycosytransferases (glucosyltransferase and fructosyltransferases) catalyse the
transfer of glycosyl moiety by cleaving the osidic bond of sucrose to synthesize
corresponding EPS polymer (glucan or fructan) (Patel er al., 2010). HoPSs are

classified into two groups i) B-fructans and ii) Glucans (Fig. 1.2).

Levan

Inulin

[ Homopolysaccharides Reutran
Dextran
a-D-glucans
Alternan
B-glucans
Mutan

Fig. 1.2 Classification of homopolysaccharides into B-fructans and glucans.

i) B-fructans are mainly of two types a) Levans composed mainly of B-(2—6)
linked fructose residues (Fig. 1.3A). The synthesis of levans has been observed in
Streptococci (Simms et al., 1990), Leuconostoc mesenteroides (Robyt and Walseth,
1978) and also in lactobacilli: Lactobacillus reuteri 121 (van Geel-Schutten et al.,
1999, van Hijum et al., 2001). Some non-LAB also synthesize levans such as

Diazotrophicus (Hernandez et al., 1995), Zymomonas mobilis (Song et al., 1993;
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Kyono et al., 1995) and Bacillus spp. (Li et al., 1997, Perez et al., 1996). b) inulin
containing B-(2—1) linked fructose residues (Fig. 1.3B), are produced by (cariogenic)

Streptococcus species, Leunostoc citreun CW28 and by inulosucrase of Lactobacillus

reuteri 121 (van Hijum et al., 2002, Olivares-Illana et al., 2003).

Fig. 1.3 Basic structure of B-fructans synthesised by fructosyl-transferases. Based on
the dominant linkage type in main chain, the B-fructans are classified into
two groups: (A) Levan containing B-(2—6) linkages in main chain and (B)
Inulin having B-(2—1) linkages in main chain (Leemhuis ez al., 2013).
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ii) Synthesis of a-glucan has been observed in four different genera of lactic
acid bacteria: Streptococci, Leuconostoc, Weissella and Lactobacilli (van Geel-
Schutten et al., 1998; Monchois et al., 1999; Kralj et al., 2002; Tieking et al., 2003;
Kralj et al., 2005; Kralj et al., 2004). However, Pediococcus species also produce o-
glucan (Smitinont et al., 1999). The ability of Pediococcus pentosaceus to produce
glucan was first reported by Patel ef al. (2010). The a-D-glucan from LAB comprise
five groups a) dextran, containing predominantly a-(1—6) linked glucopyranosyl
units in the main chain (Fig. 1.4A) (Cerning, 1990); b) reuteran, containing large
amounts of a-(1—4) glucosidic bonds (Fig. 1.4B) synthesized by Lactobacillus
reuteri 121 and Lactobacillus reuteri BioGaia (Kralj et al., 2002; Kralj et al.,
2005); ¢) mutan, a polyglucose with mainly a-(1—3) linkages (Fig. 1.4C) (various
Streptococci) (Hamada and Slade, 1980) and Lactobacillus reuteri ML1 (Kralj et al.,
2004b); d) alternan with alternating a-(1—6) and a-(1—3) linked D-glucopyranosyl
units (Fig. 1.4D) (Leuconostoc mesenteroides NRRL B-1355) (Arguello-Morales et
al., 2000), and e) glucan polymers containing large amounts of a-(1—2) linkages,
produced by Leuconostoc mesenteroides strain NRRL-B1299 and a mutant strain
R510 of Leuconostoc mesenteroides NRRL B-1355 (Bozonnet et al., 2002, Smith et
al., 1998). The nature and amount of other glucosidic linkages present in glucans may
differ in degree of branching, type of branching point, molecular weight, the length of
the branching chains and their spatial arrangement (Monchois ef al., 1999). This
results in large variations in solubility and other physical characteristics of glucans
(Monchois et al., 1999). It has been reported that the polysaccharides with a-(1—6)

and a-(1—4) linkages acts like promising anti-cancer agents (Cao et al., 2006; Liu et
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al., 2007). The branched water soluble a-D-glucan had been isolated from various
sources such as the mushrooms Agaricus bisporus and Agaricus brasiliensis
(Smiderle et al., 2011) and the fruit bodies of Coprinus comatus (Li et al., 2013).
Various species of Leuconostoc are known to produce glucans of varying molecular
weights (Qader et al., 2007; Farwa et al., 2008; Aman et al., 2012). Leuconostoc
mesenteroides AA1 isolated from fermented cabbage produce high molecular weight
a-(1—6) linked linear glucan (Aman et al., 2012). The synthesis of galactan has been
observed in Lactococcus lactis subspecies cremoris H414 (Gruter et al., 1992). The
synthesis of these polysaccharides takes place in the same way as

heteropolysaccharides but without the involvement of sucrase enzymes.
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Fig. 1.4 Basic structures of a-glucans synthesised by the reactions catalysed by
glucosyl transferases. (A) Dextran having predominant o-(1—6) linkages;
(B) Reutran containing large number of o-(1—4) linkages; (C) Mutan
possessing mainly o-(1—3) linkages and (D) Alternan with alternate o-
(1-3) and a-(1—6) linkages (Leembhuis et al., 2013).
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1.4 Structure of dextran

Colson et al. (1974) studied the '3*C NMR of various linear dextrans and
assigned the peaks by comparing with the spectrum of glucose. They clearly assigned
chemical shifts of C-1 to C-6 of linear a-(1—6) dextrans and also showed the effects
of branching on chemical shifts of various carbon atoms. Seymour er al (1979a,
1979b, 1979c¢, 1979d, 1979¢) studied the '>*C NMR spectra of various linear dextrans
and showed that

1. Linear dextran has 6 major resonances which were termed A, B, C, D, E and F.

2. Besides these 6 resonances, additional resonances in spectra indicate branching.

3. These additional resonances are present in anomeric region (95-105 ppm) and the
diagnostic peaks for type of linkages are present in 80-85 ppm region.

4. The relative peak heights of these diagnostic resonances of branching are

proportional to the degree of branching.

Structural characterization of glucans from various lactic acid bacteria such as
Leuconostoc dextranicum NRRL B-1146 (Majumder et al., 2009), Leuconostoc
mesenteroides NRRL B-640 (Purama et al., 2009), Pediococcus pentosaceus (Patel et
al., 2010), Pediococcus pentosaceus CRAG3 (Shukla and Goyal, 2013a) and Weisella
cibaria JAGS8 (Rao and Goyal, 2013) using NMR and FTIR spectroscopic techniques
have been described. The dextran from Leuconostoc dextranicum NRRL B-1146 was
highly linear with 97% a-(1—6) and 3% a-(1—3) linkages (Majumder et al., 2009),
while that from Leuconostoc mesenteroides NRRL B-640 was linear with with
consecutive o-(1—6) linkages (Purama et al., 2009). Pediococcus pentosaceus (Patel

et al., 2010) and Weisella cibaria JAG8 (Rao and Goyal, 2013) produce linear dextran

TH-1219_08610605



Chapter 1 21

having predominant a-(1—6) linkages as determined by NMR and FTIR spectroscopy
techniques.

The structural analysis of dextrans from gum producing bacteria using NMR
spectroscopy showed that Leuconostoc dextranicum contains mainly ao-(1—3)
branching along with some a-(1—4) linkages; Leuconostoc mesenteroides possessed
generally a-(1—2) branching and Lactobcillus spp. appeared to be branched chiefly
by a-(1—2) linkages in a-(1—6) backbone (Uzochukwo et al., 2001). Wang et al.,
(2007) studied the structure of water-insoluble (1—3)-o-D-glucan isolated from the
Penicillium chrysogenum. FTIR spectral analysis of dextran from Pediococcus
pentosaceus CRAG3 showed the presence of a-(1—6) and a-(1—3) linkages (Shukla
and Goyal 2013a). The 'H NMR spectrum of dextran from Pediococcus pentosaceus
CRAG3 showed 75% a-(1—6) linked glucose and 25% o-(1—3) linked glucose
(Shukla and Goyal 2013a). The percentage of branching in exopolysaccharide (EPS)
from Weissella confusa E392 using integration of 'H-NMR spectrum showed that it
contained 97.3% of a-(1—6) linked linear chain with 2.7% of o-(1—3) linked

branches (Maina et al., 2008).

1.5 Applications of exopolysaccharides

Exopolysaccharides have many applications in industries due to their non-
ionic character and good stability under normal operating conditions. Sutherland
(1972) described viscosifying, stabilizing, emulsifying, prebiotic, gelling or water
binding properties of exopolysaccharides for their use in food as well as in non-food

industry. The polysaccharides from Lactobacillus are of great importance due to their
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contribution in human health as antitumoral (Oda et al., 1983), antiulcer (De Roos and
Katan, 2000), immunomodulating (Schiffrin er al., 1995) or cholesterol-lowering

activity (Roberfroid et al., 1993).

1.5.1 Applications of dextran
1.5.1.1 Applications in pharmaceutical industry

Dextran displays wide range of applications in food industry, pharmaceutical
and various other fields (Fig. 1.5). They are used as lubricant in eye drops and to
increase blood sugar levels (Koepsell and Tsuchiya, 1952). Dextran sulphates are
highly active inhibitors of encephalomyocarditis hemagglutination (Kunin, 1967). It
has also been reported that sodium salt of dextran sulphate inhibits AIDS virus (Baba
et al., 1990). They can be used for matrix preparation of chromatography columns
such as Sephadex (Shamala and Prasad, 1995). a-Glucans and their derivatives are
used in industrial and biomedical applications such as gel filtration products, blood
plasma substitutes, plasminogen activators and anti-thrombogenic agents (Soetaert et
al., 1995; De Vuyst and Degeest, 1999; Purama and Goyal, 2005). Due to their large
size, dextran can act as osmotic agents, to treat hypovolemia (Alpar and Killampalli,
2004). Iron dextran is used to treat iron deficiency anaemia (Thayu and Mamula,
2005).

Dextran produced by oral Streptococci play major role in the cariogenesis
process, by enhancing the attachment and colonization of cariogenic bacteria
(Loesche, 1986). In addition, a carboxy-methylated derivative of (1—3)-a-D-glucan
with the activity against sarcoma 180 was synthesized by substitution with

chloroacetic acid (Kiho et al., 1989). The relationship between the nature of
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functionalized groups and physicochemical properties of the chemically modified
derivatives of linear (1—3)-a-D-glucan, obtained from the spores of Ganoderma
lucidum, and their immunomodulating activity were reported (Perez et al., 1996). The
antitumor activity of sulphated linear (1—3)-a-D glucan from the fruiting body of
Agrocybe cylindracea (DC. ex Fr.) Maire (Bolbitiaceae) was obtained and its
antitumor activity against Ehrlich ascites carcinoma was investigated (Zhang et al.,
2000). Dextrans have been frequently employed as drug carriers (Ulbrich and Subr,
2004), for antigen delivery in vaccination (Sahoo et al., 2007), as vectors for anti-
cancer agent (Agrawal et al., 2009). Colloidal iron oxide formulated with dextran is
clinically used as MRI contrast agents (Koo et al., 2005). Encapsulated dextran acts as
conjugate of cancer drug doxorubicin for tumour targeted delivery (Oh et al., 2009).
The porous glucan particles from Saccharomyces cerevisiae are known to be used in
macrophage targeted delivery of nanoparticles. Soto et al. (2010) reported the
application of glucan particle encapsulated rifampicin in delivery of nanoparticles to
macrophages. Dextran have been used in controlled drug-delivery systems (Dinu et
al., 2011). The pharmaceutical and biomedical applications of dextran also include
their role in contact lenses, cell encapsulation for drug delivery, burn wound dressing

and in spinal cord regeneration (Aumelas et al., 2007; Chen et al., 2013).
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Fig. 1.5 Applications of dextran.

1.5.1.2 Applications in food industry

Dextrans provide a stabilizing coating for protecting metal nanoparticles
against oxidation (Bautista et al., 2005). They are expected to impede adhesion of
protein by exerting repulsive steric effects and hydration pressure (Chen et al., 2008).
They can be used as food syrup stabilizers and dough improvers (Katina et al., 2009).
The role of exopolysaccharides in improving rheology of dough and bread texture has
been studied in dextran from Weissella spp. (Di Cagno et al., 2006), Leuconostoc
mesenteroides (Patel et al., 2012) and levan from Lactobacillus sanfranciscensis;
(Waldherr and Vogel, 2009). Dextran is known to improve functional properties such
as solubility and surface properties of proteins through a Maillard reaction (Sun et al.,

2011; Zhang et al., 2012). Pepe et al. (2013) demonstrated that the combined use of
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wheat flour and dextran-producing LAB strains in the sourdough process stimulated
the LAB and yeast metabolism and led to shorter leavening times and higher EPS

production in dough.

1.5.1.3 Role of dextran as anticancer agent

Glucans (both alpha and beta) from various sources such as lichens
(Olafsdottir et al., 1999), plants (Nair et al., 2006), fungi (Lavi et al., 2006) and
bacteria (Shukla and Goyal, 2013a; Haroun et al., 2013) have been known to possess
immune-modulatory properties. However, the anticancer properties or immuno-
stimulatory of a-glucans are not much studied as compared to B-glucans. There are
few reports on anticancer o-glucans but only after their chemical modification such as
carboxy-methylation (Bao et al., 2001) and sulfation (Wiater et al., 2010). The innate
immunity is pleaded by neutrophils, natural killer cells and macrophages. During
microbial invasion, the innate immunity acts as first host line defense and targets the
structurally conserved pathogen-associated molecular patterns (PAMPs) through
specific germ-line encoded receptors called pattern recognition receptors (PRRs)
(Aderem and Ulevitch, 2000). There are receptors present on macrophages such as
complement receptor 3 (CD11b/CD18 or CR3), Dectin-1 and Toll-like receptors
(TLRs) 2 and 6 which recognize B-glucans. These receptors interact with glucans and
stimulate the synthesis of cytokines, chemokines and reactive oxygen intermediates
(Gantner et al., 2003). The biological activity of (1—3)-a-D-glucan from Ganoderma
lucidum was reported by Bao er al. (2001). The (1—4)-a-D-glucan from Tinospora
cordifolia has been shown to possess immune-stimulatory properties (Nair et al.,

2006). It has been reported that the polysaccharides from Strongylocentrotus nudus
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eggs with a-(1—6) and a-(1—4) linkages act as promising anti-cancer agents (Liu et

al., 2007). The prebiotic B-glucan from probiotic bacterium Lactobacillus plantarum
NRRL B-4496 showed antitumor activity (Haroun et al., 2013). Shukla and Goyal
(2013) reported the antitumor dextran from Pediococcus pentosaceus CRAG3 with a-
(1—6) and a-(1—3) branched linkages (present work).

a-Glucans from various sources have been evaluated for in vitro cytotoxicity
(Lin et al., 2004; Patel et al., 2010; Huang and Zhang, 2011; Shukla and Goyal,
2013a). a-Glucan from the lichen Ramalina celastri demonstrated to have cytotoxic
effects against cervical cancer (HeLa) cells (Carneiro-Leao et al., 1997). Patel et al.
(2010) studied the cytotoxicity of biocompatible and non-toxic dextran from
Pediococcus pentosaceus on HeLa cell line. The branched dextran from Pediococcus
pentosaceus CRAG3 displayed anticancer activity against cervical cancer (HeLa) and
colon cancer (HT29) cell line, however it did not exhibit any negative effect on

macrophage cell line (Shukla and Goyal, 2013a).

1.6 Pediococcus as dextran producer

Pediococci are a group of homofermentative lactic acid bacteria (Benachour et
al., 1995). Till now this group includes Pediococcus damnosus, P. parvulus, P.
inopinatus, P. cellicola, P. ethanolidurans, P. claussenii, P. stilesii, P. acidilactici, P.
pentosaceus and P. dextrinicus (Dobson et al., 2002; Albano et al., 2007). They were
isolated from various places like soil (Patel and Goyal, 2010), plants (De Cagno et al.,
2009), wines (Beneduce et al., 2004), cheese (Gurira and Buys, 2005), wheat kernels
(Corsetti et al., 2007), meat (Anastasiadou et al., 2008) and sausages (Nieto-Lozano

et al., 2010). Very few reports are available showing dextran production by

TH-1219_08610605



Chapter 1 27

Pediococcus genus (Smitinont et al., 1999; Patel et al., 2010). Duenas-Chasco et al.
(1997) and Duenas et al. (2003) reported a B-linked homopolymer of D-glucose from
Pediococcus damnosus (strain 2.6) in semi defined medium which consists of
trisaccharides repeating units as determined by 'H, '*C, 1D and 2D NMR analyses.
The ropy EPS from the same strain was used as thickener in food systems (Lambo-
Fodje et al., 2007). Pediococcus pentosaceus strains AP-1 and AP-3 isolated from
traditional thai fermented food produced EPS in high yield (Smitinont et al., 1999). A
substitute of (1—3)-B-D-glucan from P. parvulus 2.6 was isolated from cider
(Martensson et al., 2002). The (1—3)-B-D-glucans has been used for the production of
a fermented oat product (Martensson et al., 2002) and also in pharmaceutical and
functional food industries (Zekovic et al., 2005). The exopolysaccharides from
Pediococcus (Shukla and Goyal., 2013a) and other LAB (Welman and Maddox, 2003;
Liu et al., 2011) have been successfully used as antitumoral, immunostimulator and
blood cholesterol reducing agents. The B-D-glucan producing Pediococcus strain was

used to immunomodulate macrophages (Ferndndez de Palencia et al., 2009).

1.7 Probiotics

Probiotics are the live microorganisms, which contribute to the health and well
being of the hosts by maintaining or improving their intestinal microbial balance
(Asahara et al., 2004). The mechanisms of probiotic action are not much studied, but
colonization resistance or competitive exclusion are often used to explain their mode
of action (Elo et al., 1991). The effects of probiotics may be classified in three modes

of action by Oelschlaeger (2010):
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i. Controlling the host defence system which helps in prevention and therapy of
infectious diseases and also for treatment of inflammation of the digestive tract.

ii. Direct effect on other microorganisms, commensal and/or pathogenic ones
which shows its importance in prevention and therapy of infections and
restoration of the microbial equilibrium in the gut.

iii. The probiotic effects based on actions affecting microbial products (such as
toxins) and host products (like bile salts and food ingredients)due to which
toxins get deactivated and detoxification of host components occurs in the gut.

For a bacterium to behave as probiotic and can benefit human health, it must
fulfil several criteria such as activity and viability in products, adherence, invasive
potential, resistance to low pH, gastric juice, bile acid and pancreatic juice,
colonisation/survival in vivo, antagonism to pathogens and antimicrobial activity.
There are various factors that affect the viability of probiotic bacteria until they reach

the target site of the host (Fig. 1.6) (Lacroix and Yildirim, 2007).
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Composition of the medium
Fermentation Hydrodynamic conditions
Physical conditions

Toxic byproducts
Dissolved oxygen
Operation

Extreme temperature conditions

Downstream processing Oxygen stress
Freezing and drying conditions

Temperature
Storage Moisture content

Acidity of carrier food or other

Gastrointestinal tract Acidity conditions in stomach
Enzymatic activities

Composition of the environment
Bile salts in the small intestine

Fig. 1.6 Factors affecting the stability of probiotics during processing steps (Lacroix
and Yildirim, 2007)

Probiotics may cause four types of side effects in susceptible individuals such
as systemic infections, deleterious metabolic activities, excessive immune stimulation
and gene transfer (Marteau, 2001; Marteau and Seksik, 2004). However, probiotic
Lactobacilli and Bifidobacteria rarely cause infections in humans (Salminen et al.,
1998; Ishibashi and Yamazaki, 2001; Borriello et al., 2003). Members of the genera
Lactococcus and Lactobacillus are predominantly probiotic and given the GRAS
(Generally recognised as safe) status. Currently most probiotic bacteria belong to the
genera Lactobacillus and Bifidobacterium (Prasad et al. 1998). However, species
belonging to the genera Lactococcus, Enterococcus, Saccharomyces (Salminen and

von Wright 1998, Dunne et al., 1999; Sanders and in’t Veld, 1999) and
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Propionibacterium (Grant and Salminen, 1998) are also considered as probiotic
microorganisms. Even Streptococcus thermophilus (Cosson and Deschamps, 1994;
Collins et al., 1998; Naidu et al., 1999; Sreekumar and Hosono, 2000) and Lb.
delbrueckii subsp. bulgaricus (Bezkorovainy et al., 1997, Naidu et al. 1999;
Sreekumar and Hosono, 2000) are also considered probiotics. There are number of
reports which demonstrate the probiotic properties of Pediococcus spp. (Benjamas et
al., 2008; Yuksekdag and Aslim, 2010; Sukumar and Ghosh, 2010; Shukla and Goyal,
2013c).

P. acidilactici has GRAS (Generally Recognized as Safe) status and is used as
probiotic culture and nutritional enhancer in silage (O’Connor et al., 2007; Kantor et
al., 1997). The members of the Pediococcus genus have great economic importance in
the fermented food industry (Dellaglio and Torriani, 1986; Benachour et al., 1995)
and as starter cultures in fermentation processes of milk, meat, vegetable products and
sausages (Dellaglio and Torriani, 1986; O’Connor et al., 2007). The roles of
probiotics include inhibition of pathogenic microorganisms, antimutagenic and
anticarcinogenic activity, increase of the immune response and reduction of
cholesterol levels (Shornikova et al., 1997; Du Toit et al., 1998). They can also be
serve in reducing diarrhea, decreasing pain and constipation associated with irritable
bowel syndrome, reducing bloating and flatulence (Parvez et al., 2006; Candela et al.,
2008).

Several Pediococcus strains produce bacteriocins thereby inhibiting the
growth of major Gram-positive foodborne pathogens, as well as other food spoilage
bacteria which display their role as potential probiotics (Kantor et al., 1997).

Bacteriocinogenic strains of Pediococcus genus has been found active against lactic
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acid bacteria, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae,
Listeria innocua, Listeria ivanovii and Listeria monocytogenes (Todorov and Dicks,
2009). With a compound annual growth rate of 4.3%, the global market of probiotic
ingredients, supplements and food was around $14.9 billion in 2007 and $15.9 billion
in 2008 and it was likely to reach 19.6 billion in 2013 (Agheyisi, 2008). The use of
probiotics as functional foods has increased in recent times. Functional foods are
defined as: 'foods which contain some health-promoting components along with
traditional nutrients'. The addition of probiotics to foods is the one way to make these
foods functional (FAO, 2002).

The growth of probiotic is influenced by the consumption of prebiotics which
is non-digestible food ingredient that selectively stimulates the growth and activity of
colon bacteria and thereby beneficially affects the host (Gibson and Roberfroid,
1995). Certain carbohydrates (or prebiotics), influence the composition of microflora
in the large intestine by escaping the metabolism and adsorption in the small intestine
(Loo et al., 1999). The prebiotics identified so far are non-digestible carbohydrates,
including lactulose, inulin, and a range of oligosaccharides especially
fructooligosaccharides (Crittenden, 1999; Crittenden et al, 2001). For an
oligosaccharide or carbohydrate to behave as prebiotics it must be able to withstand
digestive processes before it reach the colon and preferably persist throughout the
large intestine such that benefits are apparent distally (Gibson et al., 2004). The most
important function of the prebiotic carbohydrates is to strengthen the resistance of
body to invading pathogens and thereby prevent the chances of diarrhoea. The
prebiotic must resist to gastric acidity, enzymatic hydrolysis by mammalian system

and absorption in gastrointestinal tract. The prebiotics support the growth of an

TH-1219_08610605



Chapter 1 32

organism as compared to other organisms and growth on non-prebiotic substrates like
glucose (Huebner et al., 2007). Recently it has been reported that the glycans shape
the composition of the gut microbiota and provides potential opportunities to
intentionally influence their ecosystem for better health and nutrition (Koropatkin et

al., 2012).

1.8 Significance of the investigation

Lactic acid bacteria (LAB) comprise a group of Gram positive, non-spore
forming, catalase negative cocci or rod shaped microorganisms having great
importance in fermented food industries. Although there are reports available on
isolation of LAB from different sources, only few emphasized on isolation from fruits
and vegetables (Padmaja et al., 2011; Ravi et al., 2011). Cucumbers serve as
traditional fermented foods in some areas although it is cultivated throughout the
world (Chen et al., 2012). Pediococci are a group of homofermentative, coccus
shaped, gram positive lactic acid bacteria that involve in the manufacturing of
fermented foods (Semjonovs and Zikmanis, 2009). The members of the Pediococcus
have great economic importance in fermented food industry (Dellaglio and Torriani,
1986) and as starter cultures in fermentation processes of milk, meat, vegetable
products and sausages (O’Connor et al., 2007). Apart from various other industrial
application Pediococcus spp. is known to produce exopolysaccharides. The interest in
polysaccharides has arisen due to their biological activities such as
immunomodulatory and antitumor effects. The earliest polysaccharide named Shear’s
polysaccharide having antitumor activity was isolated from the bacterium Serratia

marcescens (Whistler et al., 1976), later some other bacterial polysaccharides with
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similar property were also reported (Umezava et al., 1983). The lactic acid bacterium
Pediococcus pentosaceus CRAG3 isolated from fermented cucumber (Shukla and
Goyal, 2013c). The dextransucrase produced by this strain catalyzed the formation of
the branched dextran with a-(1—6) and a-(1—3) linkages. So this enzyme could be
used in production of branched oligosaccharides having superior prebiotic
applications. The glucooligosaccharides produced serve as excellent prebiotics as they
escape from being digested by intestinal track however probiotic microflora present in
gut can ferment these oligosaccharides and synthesizes various neutraceuticals.

Prebiotic oligosaccharides have a beneficial impact on human health.

1.9 Objectives of the present study

The lactic acid bacteria (LAB) have been isolated from different sources, but
only few emphasized on isolation from fruits and vegetables. The LAB from lettuce,
cucumber and cabbage are not much studied. Fermented cucumber serves as
traditional food in some parts of the world. Therefore the isolation and
characterisation of industrially important LAB from fermented cucumber earns
special attention.

The aim of the current study is to isolate novel and hyper dextransucrase and
dextran producing lactic acid bacteria from fermented cucumber. Based on their
higher enzyme activity, the bacterial colonies will be selected. The selected bacterium
will be physiologically and biochemically characterized using Gram staining, catalase
test, carbohydrate utilization pattern and antibiotic susceptibility experiments to
distinguish the selected isolate from other closely related lactic acid bacteria. The

isolated bacterium will be identified at species and genus level based on 16S rRNA
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gene sequencing. The culture conditions for maximum enzyme production will be
optimized. The purification of dextransucrase from the isolate will be carried out
using the polyethylene glycol fractionation and gel filtration. The purified
dextransucrase will be characterized by non-denaturing SDS PAGE gel and
zymogram analysis. The reaction conditions for enzyme activity such as sucrose
concentration, temperature, pH and ionic strength of the buffer will be optimized. The
effects of different salts, temperature and additives on the dextransucrase activity of
the isolate will be studied.

The dextran will be synthesised using purified dextransucrase and will be
purified by alcohol precipitation and lyophilized. The dextran will be structurally
characterized by optical rotation, FT-IR, NMR and SEM studies. In vitro cytotoxicity
assay of dextran will be performed using various mammalian cell lines to evaluate its
biomedical applications. The production of dextransucrase and dextran from the
natural isolate of lactic acid bacterium will be enhanced using statistical methods. The
isolate will be explored for its probiotic properties such as cell adhesion, resistance to

biological barriers, utilization of prebiotics and antibacterial activity.

1.10 Specific objectives of present study

1. Identification and biochemical characterization of Pediococcus pentosaceus
CRAG3 isolated from fermented cucumber.

2. Production, purification and characterization of dextransucrase from Pediococcus
pentosaceus CRAG3.

3. Purification and characterization of dextran from Pediococcus pentosaceus
CRAG3.

4. Enhancement of production of dextransucrase and dextran from Pediococcus
pentosaceus CRAG3 in bioreactor using Taguchi methodology.

5. Analysis of probiotic potential of Pediococcus pentosaceus CRAG3.
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Chapter 2

Identification and biochemical characterization of Pediococcus
pentosaceus CRAG3 isolated from fermented cucumber

2.1 Introduction

Screening and isolation of microorganisms from naturally existing substances
is important for obtaining useful cultures for scientific and commercial purposes
(Vanden Berg et al., 1993). Lactic acid bacteria (LAB), which are economically
important microbes, are used throughout the world for manufacture of a wide variety
of traditional fermented foods. They are designated as GRAS (Generally recognized
as safe) organisms. LAB are gram positive, rods or cocci shaped bacteria which
ferment carbohydrates into lactic acid and energy (Jay, 2000). They include genera
Carnobacterium,  Enterococcus,  Lactobacillus, Lactococcus, Lactosphaera,
Leuconostoc, Melissococcus, Oenococcus, Pediococcus, Streptococcus,

Tetragenococcus, Vagococcus and Weissella (Stiles and Holzapfel, 1997; Jay, 2000;
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Holzapfel et al., 2001). Depending on the metabolism of carbohydrates they can be of

two types:

1. Homofermentive LAB in which the end product is lactic acid (Fig. 2.1.1)
2. Heterofermentive LAB which produce lactic acid, carbon dioxide, ethanol

and/or acetic acid (Fig. 2.1.1).

Glucose

/ Glucose-6-Phosphate \

6-Phosphogluconate Fructose 6-Phosphate

Cco, l

Fructose 1,6-Diphosphate
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Fig. 2.1.1 Metabolism of glucose showing production of lactic acid (by
homofermentive lactic acid bacteria) or of acetate and ethanol (by
heterofermentive lactic acid bacteria

They can be isolated from fermented products such as meat and vegetables

(Aukrust and Blom, 1992), sauerkraut (Harris et al., 1992), sourdough (Gobbetti and
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Corsetti, 1997) milk products (Jay, 2000), beverages (Lonvaud-Funel, 2001; Liu,
2003) and bakery products (O’Sullivan et al., 2002). They can also be isolated from
human milk (Martin et al., 2003) and human vagina (Boris et al., 1998; Ocafia et al.,
1999). Although there are reports available on isolation of LAB from different
sources, only few emphasized on isolation from fruits (Ravi et al., 2011) and
vegetables (Padmaja et al., 2011), the LAB from lettuce, cucumber and cabbage are
not much studied. Fermented cucumbers serve as traditional food in some countries in
Europe, China and India (Chen et al., 2012). The fermentation in cucumbers is carried
out by lactic acid bacteria as reported by Singh and Ramesh (2008).

Identification of LAB depends mostly on phenotypic analysis; however
molecular based techniques are also available (Hertel et al., 1993; Pot and Janssens,
1993; Vandamme et al., 1996). Woese and his co-workers compared a stable part of
the genetic code to determine phylogenetic relationships of bacteria and other life
forms (Woese et al., 1985; Woese, 1987). This included the genes that code for the
5S, the 16S (also known as small subunit), and the 23rRNA and the spaces between
these genes. But now-a-days most commonly used part of DNA for bacterial
taxonomy is the 16S rRNA gene (Bottger, 1989; Tortoli, 2003). The 16S rRNA gene
is also designated as 16S rDNA, and the terms have been interchangeably used. The
length of 16S rRNA is about 1,550 bp which is composed of both variable and
conserved regions (Clarridge, 2004). Usually universal primers chosen are
complementary to the conserved regions at the beginning of the gene and at either the
540 bp region or at the end of the whole sequence which is about 1,550 bp region and
the sequence of the variable region in between is used for comparative taxonomy

(Chen et al., 1989). The 16S rRNA gene sequence has been determined for a large
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number of strains and this gene is universal amongst bacteria which help in measuring
relationships among all bacteria (Woese et al., 1985; Woese, 1987). In other words
the 16S rRNA gene sequence comparison allows differentiating organisms at genus
level and also classifying strains at species and subspecies level. Now it is also
important to consider that is it necessary to sequence the whole 1.5 kbp length or
whether the commonly reported shorter sequence can provide enough information. It
has been reported that sometimes it is necessary to sequence the entire 1.5 kbp region
for identification (Sacchi et al., 2002a; Sacchi et al., 2002b). Usually the entire 1.5
kbp sequence is required when describing a new species. However in case of many
clinical bacteria the first 500 bp sequence provides sufficient differentiation for
identification and in fact also provide a large difference between strains due to the
presence of more diversity per kilobase sequence in region. Kattar ez al. (2001) found
in 16S rRNA of Bordetella species that there is 66% variability in initial 500 bp.

Pediococci are a group of homofermentative lactic acid bacteria (Benachour et
al., 1995) of great economic importance. Pediococcus group includes Pediococcus
damnosus, P. parvulus, P. inopinatus, P. cellicola, P. ethanolidurans, P. claussenii,
P. stilesii, P. acidilactici, P. pentosaceus and P. dextrinicus (Dobson et al., 2002;
Albano et al., 2007). Pediococcus sp. have been isolated from various places like soil
(Patel and Goyal, 2010), wines (Beneduce et al., 2004), cheese (Gurira and Buys,
2005), wheat kernels (Corsetti et al., 2007), meat (Anastasiadou et al., 2008) and
sausages (Nieto-Lozano et al., 2009).

The members of the Pediococcus genus have great economic importance in
the fermented food industry and as starter cultures in fermentation processes of milk,

meat, vegetable products and sausages (Dellaglio and Torriani, 1986; O’Connor et al.,
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2007). P. acidilactici has GRAS (Generally Recognized as Safe) status and is used as
probiotic culture and nutritional enhancer in silage (O’Connor et al., 2007). Along
with fermented foods, several Pediococcus strains produce bacteriocins which inhibit
the growth of major Gram-positive foodborne pathogens, as well as other food
spoilage bacteria (Kantor er al., 1997). Bacteriocinogenic strains of Pediococcus
genus have been found active against pathogenic bacteria such as Escherichia coli,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Listeria innocua, Listeria ivanovii
and Listeria monocytogenes (Todorov and Dicks, 2009). A plasmid associated with
glucan-production is reported in P. damnosus isolated from wine (Gindreau et al.,
2001). Ropy Pediococcus damnosus strain 2.6 was used for production of
exopolysaccharide (EPS) in a semi-defined medium (Duenas et al., 2003). In some
Argentinian wines, the ropiness inducing lactic acid bacteria include Pediococcus
pentosaceus (de Nadra and de Saad, 1995). No convincing proof is available showing
dextran production by Pediococcus genus, except the report by Smitinont et al.
(1999). The ability of Pediococcus pentosaceus to produce dextran was first reported
by Patel ef al. (2010). In the present study the isolation, 16S rRNA gene sequence
based identification and characterization of a strain of lactic acid bacteria from
fermented cucumber has been reported. The isolate was explored for its ability to

produce dextransucrase and dextran.
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2.2 Materials and Methods
2.2.1 Chemicals and reagents

The ingredients required for the preparation of MRS medium and enzyme
production medium (Tsuchiya et al., 1952) such as sucrose, yeast extract, beef extract,
peptone, tri-ammonium citrate, sodium chloride and dipotassium hydrogen
orthophosphate were purchased from Hi-Media Pvt. Ltd., India. Sodium acetate,
magnesium sulphate heptahydrate, manganese sulphate tetrahydrate, ferrous sulphate
heptahydrate, calcium chloride dihydrate and Tween80 were purchased from Fisher
Scientific Pvt. Ltd., India. The chemicals required for reducing sugar estimation
(sodium carbonate anhydrous, sodium potassium tartrate, sodium bicarbonate, sodium
sulphate anhydrous, cupric sulphate, ammonium molybdate and sodium arsenate), for
protein estimation (sodium carbonate, sodium hydroxide, sodium potassium tartrate,
cupric sulphate and phenol reagent) and buffer preparation were of high purity grade.
PEG-400 from Qualigens Pvt. Ltd., India and PEG-1500 from BDH, U. K. were used

for fractionation of dextransucrase.

2.2.2 Screening, isolation and culturing of microorganism

The freshly chopped cucumber (300 g) in 2.5% (w/v) NaCl solution in 1 litre
air tight bottle was subjected to fermentation at 25°C for 5 days. The 1 g of fermented
cucumber was homogeneously mixed in 10 ml of normal saline (0.85% w/v) in test
tubes and the serial dilutions up to 10”7 were made. 100 ul from each dilution from
10° to 1077 was taken and spread plated on 1.7% (w/v) MRS agar plates (De Man et
al., 1960) as described later in Section 2.2.3. Petri plates were incubated at 28°C for

24 h. 43 colonies were picked from Petri plates of different dilutions. A loopful from

TH-1219_08610605



Chapter 2 73

each distinct colony was inoculated separately in 5 ml enzyme production medium
(Tsuchiya et al., 1952) as described later in Section 2.2.4 and incubated at 25°C and
180 rpm for 12 h. An aliquot (1 ml) from each culture was centrifuged at 10,000g and
4°C for 10 min. The cell free supernatant from all the isolates were analysed for the
enzyme activity as described in Section 2.2.5.1.3. The isolates displaying higher
activity were also analysed for the total carbohydrate content as described in Section
2.2.6. The isolate CRAG3 (named after the source of isolation, initials of author’s
names and its colony number) was selected based on its highest dextransucrase
activity and highest total carbohydrate content. The isolate was sub-cultured and
propagated as stab in modified MRS agar medium (Goyal and Katiyar, 1996) as

described later in Section 2.2.3, at 28°C and stored at 4°C. The isolate was preserved

and maintained as glycerol stock (20%, v/v) in modified MRS medium at -80°C.

2.2.3 Medium for culturing

The culture was maintained in modified MRS agar medium (Goyal and
Katiyar, 1996) as a stab at 4°C and sub-cultured every 15 days. The modified MRS
agar medium composed of components given in Table 2.2.1. The pH of the medium
was adjusted to 6.4 using glacial acetic acid (17.5 M). The medium was sterilized by

autoclaving at 15 psi steam pressure and 121°C temperature for 20 min.

TH-1219_08610605



Chapter 2 74

Table 2.2.1 Components for preparation of modified MRS medium.

Component % (W/v)
Sucrose 2.00
Yeast extract 0.50
Beef extract 1.00
Peptone 1.00
Dipotassium hydrogen orthophosphate 0.20
Tri-ammonium citrate 0.20
Sodium acetate 0.50
Tween80 (%, v,v) 0.10
Magnesium sulphate (MgSQO4.7H20) 0.02
Manganese sulphate (MnSO4.4H20) 0.02
Agar powder 1.70

2.2.4 Medium for enzyme production

The medium described by Tsuchiya et al. (1952) was utilized for enzyme
production. Tsuchiya medium was prepared by dissolving the components as shown
in Table 2.2.2. The pH of medium was adjusted to 6.9 using 0.1 M HCI solution
followed by sterilization with autoclaving at 15 psi steam pressure and 121°C

temperature for 20 min.

Table 2.2.2  Components of enzyme production medium (Tsuchiya et al., 1952)

Component g/l

Sucrose 20.0
Yeast extract 20.0
Dipotassium hydrogen orthophosphate (K2HPOa4) 20.0
Magnesium sulphate heptahydrate (MgS0O4.7H20) 0.20
Manganese sulphate tetrahydrate (MnS0O4.4H20) 0.20
Ferrous sulphate heptahydrate (FeSO4-7H20) 0.01
Calcium chloride dihydrate (CaClz2.2H20) 0.01
Sodium chloride (NaCl) 0.01
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2.2.5 Enzyme assay
2.2.5.1 Reducing sugar estimation
2.2.5.1.1 Preparation of reagents for reducing sugar estimation
The reagents for reducing sugar estimation were prepared by the method

described by Nelson (1944) and Somogyi (1945) (Table 2.2.3).

Table 2.2.3 Components for preparation of reagents for reducing sugar estimation

Reagents Components Amount Procedure
Sodium carbonate 25¢ The components were dissolved
anhydrous in MilliQ water and the volume
Reagent A | Sodium potassium tartrate | 2.5 g made up to 100 ml. The solution
Sodium bicarbonate 209 was filtered with Whatman filter

Sodium sulfate anhydrous | 20.0 g #1 and stored at 30-37°C.
4.5 g cupric sulfate was dissolved

Reagent B | Cupric sulphate 15%, wiv | in MilliQ water and 1-2 drops of
conc. sulfuric acid added.
I. Ammonium molybdate | 2.5¢g The components were dissolved
Conc. sulfuric acid 2.1ml in 45 ml of MilliQ water
ii. Sodium arsenate 3.0¢ Dissolved in 2.5 ml of water
Reagent C 47.5 ml of solution (i) was mixed

to 2.5 ml of solution (i) kept at
37°C in the dark place for 24 h
before use.

Reagent D | Freshly prepared by mixing Reagent A and Reagent B in the ratio 25:1.

2.2.5.1.2 Standard plot of fructose for enzyme assay

The standard plot was prepared using varying concentrations (50-500 pg/ml)
of fructose in 20 mM sodium acetate buffer (pH 5.4) for enzyme assay. The stock
solution (5.0 mg/ml) of fructose was prepared to make different concentrations. To
100 ul of fructose solution, 100 ul Reagent D was added and the mixture was placed

in boiling water bath for 20 min. The solution was cooled to 25°C and 100 ul Reagent
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C was added with vigorous shaking. It was diluted to 1 ml by adding 700 pl deionized
water and the absorbance was measured at 500 nm against blank on a UV-visible
spectrophotometer (Varian, Cary 100 Bio). The absorbance (Asoo) against the fructose

concentration was plotted (Fig. 2.2.1).

1.2
y= 0.002x
R2= 0.9833
1 .
E L]
c
(=] L]
S 0.8 -
‘E,' L]
S .
© 06
©
£ .
2
2 0.4 A
< L]
0.2 1
0

0 100 200 300 400 500 600
Concentration (ug/ml)

Fig. 2.2.1 Standard plot between varying concentration of fructose against
absorbance (Asoo) using Nelson and Somogyi’s method for enzyme
assay.

2.2.5.1.3 Enzyme assay method

The enzyme assay was carried out in 1 ml reaction mixture containing 5%
(w/v) sucrose in 20 mM sodium acetate buffer (pH 5.4) and 20 pl cell free supernatant
(as described earlier in Section 2.2.2). The enzymatic reaction was performed at 30°C
for 15 min. An aliquot (100 pl) was taken from the reaction mixture to estimate
reducing sugar by method of Nelson (1944) and Somogyi (1945). To 100 aliquot from
the reaction mixture, 100 pul of reagent D was added, the solution was mixed on a
vortex and heated in boiling water bath for 20 min. It was cooled to 25°C and 100 pl

of reagent C was added due to which the colour developed with the evolution of
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carbon dioxide. It was diluted to 1 ml by adding 700 upl deionized water and the
absorbance was measured at 500 nm on a UV-visible spectrophotometer (Varian,
Cary 100 Bio). A standard plot was prepared using fructose as described earlier in
Section 2.2.5.1.2 was used for determining the amount of reducing sugar. One unit
(U) of dextransucrase activity is defined as the amount of enzyme that liberates 1
umole of reducing sugar per min under optimum conditions of temperature and pH.

The enzyme activity was calculated as follows:

AsooxCxV

T80 XixV (umol/min/ml)

Enzyme activity (U/ml) =

where,
Asoo = Absorbance at 500 nm
C = Concentration (mg/ml) of fructose at OD=1 from standard plot (500 pg/ml)
V = Volume (ml) of reaction mixture
t = Time of reaction (min)
v = Volume (ml) of the enzyme for estimation of reducing sugar
180 = Molecular mass of fructose

2.2.6 Analysis of total carbohydrate content

The isolates (as described in Section 2.2.2) were grown in 5 ml Tsuchiya
medium (as described in Section 2.2.4) at 25°C and 180 rpm for 6 h. The culture broth
from each isolate was centrifuged at 10,000g and 4°C for 10 min. To 200 ul of cell
free supernatant (as described earlier in Section 2.2.2) from each isolate, 3 volumes
1.e. 600 pl of 95% (v/v) prechilled ethanol at 4°C was added and centrifuged at
13,000g and at 25°C for 30 min. The process was repeated three times and finally the
precipitated polysaccharide was dissolved in 200 pl deionised water. Its total

carbohydrate content was determined by phenol-sulphuric acid method (Dubois et al.,
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1956; Fox and Robyt, 1991). To 25 ul of cell free supernatant in a microtitre plate, 25
ul of 5% (w/v) phenol was added with slow mixing on a vortex for 30 s. The plate
was then placed onto ice bath and 125 ul of concentrated sulphuric acid (18 M) was
added to each well containing the sample and phenol. The plate was again shaken on
vortex for 30 s and then incubated at 80°C in water bath for 30 min. It was then
cooled and the absorbance was measured at 490 nm on a microplate reader (Tecan,
Infinite 200 Pro). Standard curve was prepared using dextran T-40 (40 kDa, Sigma,

St. Louis, MO, USA) in the concentration range 0.1- 1 pg/ml (Fig. 2.2.3).
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Fig. 2.2.3 Standard plot between varying concentrations of Dextran T-40 against
absorbance (A490) using phenol-sulphuric acid method for estimation of
total carbohydrate content.

2.2.7 Morphological characterization of the isolate CRAG3

The morphology of CRAG3 grown in modified MRS medium (Goyal and
Katiyar, 1996) overnight at 25°C was observed directly and by light microscopy. The

Gram reaction was performed using method of Gram (1884). The cell morphology of
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selected isolate was examined by field emission scanning electron microscopy (Carl
Zeiss, Model Sigma) operated at 10.0 kV. The sample of cells for scanning electron
microscopy was prepared by taking 1 ml of 12 h old culture and centrifuged at 8,000g
for 10 min. The pellet containing cells was dissolved in 1 ml of saline solution
(0.85%, wlv) and fixed with equal volume of gluteraldehyde (2.5%, v/v) for 5 h.
Gluteraldehyde was removed by centrifuging at 8,000g for 10 min and cells were
dehydrated using different concentrations of acetone and finally dried in vacuum

desiccator.

2.2.8 Biochemical characterization of the isolate CRAG3

The isolate was tested for its ability to ferment 21 different carbohydrates
using the method described earlier (Kandler and Weiss, 1986). The MRS medium
without glucose containing 1.8% (w/v) agar and phenol red (100 pg/ml) was first
poured into petri-plate. The overnight grown culture (1%) of the isolate was seeded in
MRS-soft agar (0.8%, w/v) containing phenol red (100 pg/ml) and overlaid in the
petri-plate having a bottom layer of 1.8% (w/v) MRS agar. The plate was allowed to
dry for 2-3 min. The carbohydrate discs were gently placed on to the surface of soft
agar and the petri-plates were incubated at 28°C for 48 h to observe the colour change
from red to yellow and formation of zone around carbohydrate discs.

Triple sugar iron (TSI) agar test was carried out using TSI agar slant (SL045,
HiMedia) having sucrose, glucose and lactose as triple sugars for acid, H>S and/or gas
production. A loopful of overnight grown culture was streaked over the slant and then
stabbed deep into the butt and incubated at 28°C for 48 h. The acid production was

inferred by changing colour from red to yellow. The isolate was tested for its ability to
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display catalase activity using the method of Maehly and Chance (1954). To the 5 ml
12-16 h grown culture of isolate CRAG3 few drops of 3% (v/v) H20, was added and
observed for bubble formation. E. coli was taken as positive control for catalase test.
The motility test of CRAG3 was carried out by stabbing a loopful of culture deep into
the Motility Indole Lysine Agar Slant (SL033, HiMedia).

The sensitivity of isolate against 42 antibiotics was evaluated using agar disc
diffusion method (Barry and Thornsberry, 1980). The MRS medium containing 2%
(w/v) glucose and 1.8% (w/v) agar was first poured into petri-plate and allowed to
solidify. The overnight grown culture (1%) of the isolate was seeded in MRS-soft
agar (0.8%, w/v) having 2%, w/v glucose and overlaid in the petri-plate having a
bottom layer of 1.8% (w/v) MRS agar. The plate was allowed to dry for 2-3 min. The
octodiscs were gently placed on to the surface of soft agar and the petri-plates were

incubated at 28°C for 24 h to observe the zone of inhibition around the discs.

2.2.9 16S rRNA gene sequence based identification of isolate CRAG3
2.2.9.1 Genomic DNA extraction of isolate CRAG3
1% (v/v) culture inoculum of CRAG3 was grown in 5 ml MRS medium (as
described earlier in Section 2.2.3) at 28°C and 180 rpm for 14 h. The genomic DNA
from CRAG3 was extracted by HiPurA Bacterial and Yeast Genomic DNA
Purification Spin Kit (Himedia India Pvt. Ltd., India) as described below:
1. The 5 ml of broth was centrifuged at 12,000g and 4°C for 2 min.
2. The supernatant was discarded, the cell pellet was re-suspended in 200 pl
Gram positive lysis solution containing lysozyme (2.0 x10° U/ml, 2 mg/ml)

and incubated at 37°C for 30 min.
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3.

To the above lysate, 20 pl of the RNaseA solution (20 mg/ml) was added,
mixed thoroughly and incubated for 2 min at 25°C.

20 ul of proteinase K solution (20 mg/ml) was added to the above solution
followed by 200 pl of lysis solution and mixed on vortex thoroughly for 15
sec and incubated at 55°C for 10 min, to obtain a clear lysate solution.

DNA was precipitated by adding 200 pl of absolute alcohol to the lysate and
mixed on vortex thoroughly for 15 sec. for homogeneous mixing.

The homogeneous lysate was passed through HiElute miniprep spin column
provided with the kit by centrifugation at 12,000g for 10 min. The flow
through liquid was discarded and the spin column was placed on a new 2.0 ml
collection tube.

500 pl of prewash solution was added to the column and centrifuged at
15,000g for 3 min to dry the column. The column should be free of ethanol
before eluting the DNA.

50 pl of the elution buffer was added directly to the column without spilling to
the sides and incubated for 1 min at 25°C. The column was then centrifuged at
8,000g for 1 min to elute the DNA.

The extracted DNA was purified using QIAquick® Gel Extraction Kit

(QIAGEN) as described later in Section 2.2.9.4. DNA concentrations were

determined in duplicate using a UV-visible spectrophotometer (Varian, Carry 100).

The quality of purified DNA was evaluated on 0.8% (w/v) agarose gel (as described

later in Section 2.2.9.3).
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2.2.9.2 PCR amplification of 16S rRNA gene

The genomic DNA of isolate CRAG3 was used as a template for amplification
of 16S rRNA gene by polymerase chain reaction (PCR) using universal 16S rRNA
oligonucleotide primers, forward primer 27F (5- AGAGTTTGATCCTGGCTCAG-
37) and reverse primer 1492R (5"- GGTTACCTTGTTACGACTT-3"). The reaction
mixture (50 ul) used in polymerase chain reaction (PCR) comprising of components
are shown in Table 2.2.4. The conditions of PCR amplification are shown in Table
2.2.5. The PCR reactions were carried out on a Thermal Cycler (Applied Biosystems,

model ABI 2720).

Table 2.2.4 Reaction mixture for polymerase chain reaction of 16S rDNA gene

. Volume Final

PCR Components Concentration () concentration
Reaction buffer 10x 5.0 1x
dNTP mix 100 mM 1.0 2.5mM
Forward primer 15 uM 1.7 0.5 uM
Reverse primer 15 uM 1.7 0.5 uM
Genomic DNA template 10 ng/ul 1.0 10 ng
Taq DNA polymerase 5 U/ pl 1.0 5U
MgCl2 1M 2.5 50 mM
DNAse free water, pH 8.0 36.1 -
(Sigma, St. Louis, USA)
Total volume of reaction mixture 50.0

Table 2.2.5 PCR conditions for amplification of 16S rRNA gene of isolate CRAG3.

Steps PCR Conditions
1. Denaturation of 94°C for 4 min
2. 30 cycles of
Denaturation at 94 °C for 0.5 min
Annealing at 55°C for 1.0 min
Extension at 72°C for 2.0 min
3. Final extension at 72°C for 10 min
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2.2.9.3 Analysis of PCR amplicon by Agarose gel electrophoresis
2.2.9.3.1 Preparation of electrophoresis buffer

A stock of 10x TAE buffer was prepared by adding 400 mM Tris-acetate and
10 mM EDTA (pH 8.0) as described by Sambrook and Russel (2001). The working
solution (1X) was prepared by diluting stock solution. 1X TAE (Tris-acetate-EDTA)
buffer was used for preparation of agarose gels and as electrophoresis running buffer

to separate the PCR amplified DNA (Sambrook and Russel, 2001).

2.2.9.3.2 Preparation of agarose gel

The agarose gel (0.8%, w/v) was prepared by dissolving 400 mg agarose in 50
ml of 1X TAE buffer (pH 8.0) by heating in a microwave oven for few min to get a
clear solution. It was allowed to cool at around 50°C and then 5.0 pl ethidium
bromide (5.0 mg/ml) was added. The solution was mixed and poured on the casting
apparatus, comb was placed and the gel was allowed to set for 30 min. The DNA
sample and DNA sample loading buffer (as described later in Section 2.2.9.3.3) were
mixed in 4:1 ratio and the gel was run at constant 100 Volt for 2 h. The bands were
then visualized under UV illumination on a gel documentation system (Gel doc EQ,

Bio-Rad, USA).

2.2.9.3.3 Preparation of DNA sample loading buffer

The components and their final concentrations for the preparation of DNA
sample loading buffer are shown in Table 2.2.6. A 5X stock solution of DNA loading
buffer was prepared and the final pH adjusted to 8.0. The stock solution (5X) was

mixed with 4 volumes of DNA to make it to 1X before loading on to the agarose gel.
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Table 2.2.6 Components for preparation of 5x sample loading buffer for DNA.

Components Final Concentration (5x)
Tris HCI 50 mM

Glycerol 25% (w/v)

EDTA 5.0 mM

Bromophenol Blue 0.2% (W/v)

Xylene Cynol 0.2% (W/v)

2.2.9.4 Extraction of DNA from agarose gel

The amplified 16S rRNA gene from the isolate was eluted and purified from

the gel slice using the QIAquick® Gel Extraction Kit (QIAGEN) as described below:

DNA gel extraction protocol

1.

2.

TH-1219_08610605

1.5 ml sterile, empty micro centrifuge tube was weighed and noted the weight.
The extracted genomic DNA or PCR amplified DNA was excised from gel
using sharp sterile scalpel and transferred to pre-weighed empty
microcentrifuge tube. The tubes were weighed again and the weight of excised
gel was determined by subtracting the weight of empty tube (noted above).
Now, 3 volumes of buffer QG were added to every 1 volume of gel (taking
100 mg gel as ~ 100 pl).

The microcentrifuge tubes containing excised gel were incubated at 50°C for
10 min (or until the gel slice completely dissolved). The colour of the solution
became yellow when the gel slice dissolved completely, (similar to the colour
of buffer QG without dissolved agarose).

1 gel volume of isopropanol was added to above yellow colour solution in case
of PCR amplified DNA (For higher yield of DNA fragments <500 bp and

>4000 bp).
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6.

9.

QIAquick spin column (DNA binding column) was placed in 2 ml collection
tube provided with the kit. The above solution containing extracted genomic
DNA or PCR-amplified DNA (750 ul) was added to DNA binding columns
and centrifuged at 17,900g for 1 min at 25°C, and the flow through was
discarded. If the volume was more than 750 pl, the remaining solution was
centrifuged similarly and again the flow through was discarded.

500 ul of buffer QG was added to each QIAquick spin column and the
mixtures were centrifuged again at 17,900g for 1 min at 25°C, and the flow
through was discarded.

Now, 750 ul of buffer PE was added to each column containing extracted
genomic DNA or PCR-amplified DNA and the mixture was centrifuged at
17,900g for 1 min at 25°C. The flow through was discarded and the column
was given an additional spin at 17,900g for 1 min to completely remove the
residual ethanol.

Now the column containing bound DNA was placed in a fresh 1.5 ml sterile
microcentrifuge tube. 50 ul of DNAse free water (Sigma, St. Louis, MO,
USA) or elution buffer (10 mM Tris-HCI, (pH 8.5) was added at the centre of
the column. The column was incubated for 2 min at 25°C and centrifuged at

17,900g for 1 min.

10. The extracted genomic DNA or PCR-amplified DNA was eluted from
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QIAquick spin column and collected in 1.5 ml sterile microcentrifuge tube.
The extracted genomic DNA or PCR-amplified DNA (50 ul) was stored at -

20°C for further use.
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2.2.9.5 Ligation and transformation

The cloning of purified 16S rRNA gene was performed by using the method
of Bharali ef al. (2006). The purified DNA fragment was ligated to pGEMrteasy cloning
vector (Promega, USA) using T4 DNA ligase (Promega, USA) and incubated at 16°C
overnight. 200 pl of freshly prepared E. coli XL-10 competent cells were transformed
using 10 pl of ligation mixture by subjecting to heat shock treatment at 42°C for 40
sec. The transformed cells were treated with 800 ul of SOC medium and incubated at
37°C with shaking at 200 rpm for 1 h (Bharali ef al., 2006). The SOC medium was
prepared as described later in Section 2.2.9.6. Cells were then centrifuged at 12,000g
for 5 min and 800 pl supernatant was discarded. The cell pellet was resuspended in
the remaining 200 pl supernatant and plated on LB agar plate containing 100 pg/ml
ampicillin (Himedia India Pvt. Ltd., India) and 2 pg/L 5-bromo-4-chloro-3-indolyl -
D-galactoside (X-gal). The positive, recombinant clones were differentiated and
identified by white colour colonies against blue. The white colonies were picked for
DNA isolation and for further screening. The pGEMrteasy plasmids containing the 16S
rRNA gene were confirmed by digestion with EcoRI and Sacl restriction enzymes
(New England Biolab Incorporation, USA). The PCR amplification of amplified 16S
rRNA gene was also done using pGEMreasy plasmid containing insert as a template
and universal 16S rRNA oligonucleotide primers, forward primer 27F (5°-
AGAGTTTGATCCTGGCTCAG-3") and  reverse  primer  1492R  (5°-
GGTTACCTTGTTACGACTT-3") to confirm the positive clones. The reaction
mixture (50 ul) used in polymerase chain reaction (PCR) comprised of components as

shown in Table 2.2.7. The conditions of PCR amplification are shown in Table 2.2.5.
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The PCR reactions were carried out on a Thermal Cycler (Applied Biosystems, model

ABI 2720).

Table 2.2.7 Reaction mixture for polymerase chain reaction of isolated DNA

. Volume Final

PCR Components Concentration () concentration
Reaction buffer 10x 5.0 1x
dNTP mix 100 mM 1.0 2.5 mM
Forward primer 15 uM 1.7 0.5 uM
Reverse primer 15 uM 1.7 0.5uM
PGEMTeasy plasmid 10 ng/ul 1.0 10 ng
Taq DNA polymerase 5U/ pl 1.0 5U
MgCl2 1M 2.5 50 mM
DNAse free water, pH 8.0 36.1 -
(Sigma, St. Louis, USA)
Total volume of reaction mixture 50.0

2.2.9.6 Preparation of SOC (super optimal medium with catabolic repression) medium

The SOC (super optimal medium with catabolic repression) medium was
prepared by modifying SOB medium with the addition of glucose (Hanahan, 1983). It
is composed of components given in Table 2.2.8. The components such as
bactotryptone, yeast extract and NaCl were autoclaved separately at 15 psi steam
pressure and at 121°C for 20 min. However, 1 M stock solutions of KCIl, MgCl,,
MgSO4 and glucose were filter-sterilized and the desired amount was added to above
solution in the laminar hood to finally make SOC medium. The pH of the medium

was adjusted to 7.0.
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Table 2.2.8 Components for preparation of SOC medium.

Component Final Concentration
Bacto tryptone 2.0% (w/v)
Yeast extract 0.5% (w/v)
Sodium chloride (NaCl) 10 mM
Potassium chloride (KCI) 2.5 mM
Magnesium chloride (MgClz) 10 mM
Magnesium sulphate (MgSQOa4) 10 mM
Glucose 20 mM

2.2.9.7 Sequencing and alignment of 16S rRNA gene

The sequencing of 16S rRNA gene was obtained from Xcelris Labs Limited,
Ahmedabad, India. The forward and reverse DNA sequencing reaction of PCR
amplicon using 8F and 1492R oligonucleotide primers was carried out in BDT v3.1
Cycle sequencing kit on ABI 3730x1 Genetic Analyzer. Consensus sequence of 1269
bp of 16S rRNA gene was generated from forward and reverse sequence data using
aligner software. The 16S rRNA gene sequence of the isolate CRAG3 was used to
carry out BLAST with the non-redundant database of NCBI GenBank database. First
ten sequences, based on maximum identity score, were selected and aligned using
ClustalW2, the multiple alignment software program. RDP database was used to
generate distance matrix and the phylogenetic tree was constructed using MEGA4

(Tamura et al., 2007).
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2.3 Results and Discussion

2.3.1 Isolation of a dextransucrase and dextran producing bacterium from
fermented cucumber

Out of selected 43 colonies, the isolate named CRAG3 showed maximum
enzyme activity (2.7+£0.08 U/ml) hence was selected for further characterization
(Table 2.3.1). The isolated colonies displaying considerably higher enzyme activity
were further investigated for the total carbohydrate content (Table 2.3.2). The isolate
CRAG3 gave maximum carbohydrate content of 4.5+0.12 mg/ml (Table 2.3.2) and

hence selected for further studies.

Table 2.3.1 Dextransucrase activity of 43 isolates from fermented cucumber.

S. |Isolate Enzyme activity | S. |Isolate = Enzyme activity

No. (U/ml) No. (U/ml)
1 | C1 - 23 | C23 0.09+0.01
2 | C2 - 24 | C24 0.65+0.08
3 |C3 - 25 | C25 1.11+0.11
4 |C4 - 26 | C26 0.56+0.05
5 |C5 - 27 | C27 1.02+0.06
6 |C6 - 28 | C28 1.30+0.07
7 | C7 0.51+0.04 29 | C29 0.93+0.05
8 |C8 1.85+0.04 30 | C30 0.06+0.00
9 |C9 0.56+0.06 31 | C31 0.37£0.01
10 | C10 - 32 | C32 0.46+0.02
11 | C11 1.41+0.04 33 | C33 -

12 | C12 0.15+0.03 34 | C34 0.37+0.01
13 | C13 0.36+0.10 35 | C35

14 | C14 0.52+0.02 36 | C36 0.35+0.04
15 | C15 - 37 | C37 -

16 | C16 0.14+0.01 38 | C38 -

17 | C17 0.63+0.08 39 | C39 0.37+0.03
18 | C18 0.74+0.10 40 | C40 -

19 | C19 0.23%0.05 41 | C41 2.41+0.08
20 | C20 - 42 | C42 1.85+0.06
21 | C21 0.63%0.03 43 | CRAG3 2.68+0.08
22 | C22 0.96+0.13
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Table 2.3.2 Total carbohydrate content of selected isolates from fermented

cucumber.
S. Isolate Total S. Isolate Total
No. carbohydrate | No. carbohydrate
content content
(mg/ml) (mg/ml)
1 C7 0.35+0.01 9 C25 1.16+0.09
2 C8 1.88+0.08 10 | C26 0.47+0.07
3 C9 0.40+0.02 11 C28 1.23+0.08
4 C11 0.68+0.05 12 | C29 1.09+0.08
5 C14 0.37£0.01 13 | C41 2.97%0.09
6 C18 0.93+0.08 14 C42 2.35+0.10
7 C21 0.45+0.02 15 CRAG3 4.52+0.14
8 C22 1.09+0.09

2.3.2. Morphological characterization of the isolate
The isolate CRAG3 appeared purple, reflecting its Gram positive nature as

determined by the method of Gram (1884) (Fig. 2.3.1, Table 2.3.1).

Fig. 2.3.1 Gram staining of the isolate CRAG3 showing purple color, indicating its
Gram positive nature.
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The scanning electron microscopic analysis showed that the isolate CRAG3
was cocci shaped arranged in pairs or chains with a diameter of 0.7- 0.9 um (Fig.
2.3.2, Table 2.3.3). The colonies of the strain on MRS agar medium were opaque and
circular and produced slimy layer when grown on MRS agar plate supplemented with

sucrose due to the formation of dextran polymer.

EHT = 1.50 k¥ Signal A = InLens
e | i WD = 51 mm Mag = 3210K X

Fig. 2.3.2 Scanning electron micrograph of the isolate CRAG3.

Table 2.3.3 Morphological and biochemical characterization of the isolate CRAG3.

S.  Characteristic Isolate CRAG3
No.
1 Morphology Coccus shaped
2 Gram reaction Gram positive
3  Catalase activity Negative
4  Triple sugar iron agar test Ferment sucrose and glucose
5  Motility agar test Non motile
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2.3.3 Biochemical characterization of isolate

The ability of the isolate to ferment carbohydrates was evaluated by observing
the change in colour of phenol red to yellow and due to production of lactic acid
during fermentation. The isolate displayed yellow zone around cellobiose, dextrose,
arabinose, rhamnose, sucrose, mannitol, fructose, maltose, trehalose, mannose, selicin
and galactose, showing its ability to ferment these sugars (Fig. 2.3.3, Table 2.3.4).
However, the isolate CRAG3 did not utilize raffinose, lactose, adonitol, sorbitol,
inositol, inulin, mellibiose, xylose and dulsitol since no zone was been observed
around these sugars. These results of CRAG3 corroborated with Pediococcus
pentosaceus SPA (Patel and Goyal, 2010) with some variations (Table 2.3.4). Unlike
Pediococcus pentosaceus SPA which weakly fermented lactose and did not utilize

mannitol, the isolate CRAG3 was able to ferment mannitol but unable to utilize

lactose (Table 2.3.4).

Fig. 2.3.3 Carbohydrate fermentation pattern of the isolate CRAG3 using discs of
21 sugars. The yellow zone around discs indicates sugar fermentation.
(A) Control culture of isolate CRAG3 without any carbohydrate disc;
and with carbohydrate discs containing (B) Dextrose, inulin and
adonitol; (C) Maltose, inositol and raffinose; (D) Selicin, lactose and
melibiose; (E) Fructose, trehalose and xylose; (F) Arabinose, rhamnose
and dulsitol; (G) Mannose, cellobiose and sucrose; (H) Mannitol,
TH-1219 08610605 galactose and sorbitol.



Chapter 2 93

Table 2.3.4 Fermentation of different carbohydrates by isolate CRAG3.

S. No. Carbohydrate Isolate CRAG3 P. pentosaceus SPA*

1 Cellobiose +++ 4+
2 Dextrose +++ +++
3 Arabinose +++ Nd
4 Rhamnose ++ ++
5 Sucrose +++ 44
6 Mannitol ++ -

7 Fructose ++ -
8 Maltose +++ +++
9 Trehalose +++ +++
10 Mannose +++ Nd
11 Selicin +++ Nd
12 Galactose +++ ek
13 Raffinose - -

14 Lactose - ++
15 Adonitol - Nd
16 Sorbitol - Nd
17 Inositol - Nd
18 Inulin - Nd
19 Mellibiose - 4+
20 Xylose - +
21 Dulsitol - Nd

(+++) Strongly positive; (++) fairly positive; (+) weakly positive;
(-) negative; Nd- not determined

*Patel and Goyal, 2010

Triple sugar agar test also confirmed that the isolate CRAG3 was able to
ferment sucrose and glucose since the colour of slant changed to yellow due to the
formation of acid (Fig. 2.3.4, Table 2.3.3). The isolate CRAG3 was catalase negative
since no bubble formation was observed on addition of H>O> (Table 2.3.3). However,
E. coli which was taken as positive control showed bubble formation (Fig. 2.3.5). The
motility agar test displayed the non-motile nature of CRAG3 since it did not spread in

agar medium like E. coli (Fig. 2.3.6, Table 2.3.3).
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Fig. 2.3.4 Triple sugar iron agar slants (A) Blank slant (red); (B) With culture of the
isolate CRAG3 showing colour change from red to yellow confirming
the fermentation of sucrose and glucose.

Fig. 2.3.5 Catalase activity test of (A) E. coli as a positive control and (B) isolate
CRAGS3 showing its catalase negative nature.

|

Growth

A

Fig. 2.3.6 Motility agar test of (A) E. coli as a positive control and (B) isolate CRAG3
TH-1219_ 08610605 showing its non-motile nature.
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The antibiotic sensitivity of isolate CRAG3 was evaluated by measuring the
diameter of zone of inhibition around the discs and comparing with those given in
standard chart. Depending upon the diameter of zone, the isolate was categorized as
resistant, moderate or susceptible. The isolate CRAG3 was resistant to cefixime,
ciprofloxacin, co-trimoxazole, kanamycin, nalidixic acid, sulphamethoxazole,
tobramycin, trimethoprim, vancomycin and gentamicin (Fig. 2.3.7, Table 2.3.5).
However it displayed susceptibility to amoxycillin, amoxyclav, cefoperazone,
cephaclor, cephalexin, cephalothin, clindamycin, erythromycin, imipenam,
lincomycin, nitrofurantoin, novobiocin, oleandomycin, oxytetracycline, piperacilin,
tetracycline, ticarcillin, carbenicillin cephotaxime, chloramphenicol, co-trimazine and
oxacillin. Similar results with some exceptions were observed with Pediococcus
pentosaceus SPA (Patel and Goyal, 2010) as listed in Table 2.3.5 and with
Leuconostoc mesenteroides (Purama et al., 2008). Unlike Pediococcus pentosaceus
SPA, which was resistant to amikacin, ampicillin, gentamicin and norfloxacin,
Pediococcus pentosaceus CRAG3 was moderately sensitive to these antibiotics. The
resistance of Pediococcus, Leuconostoc and Lactobacillus spp. to vancomycin is a

common trait amongst these lactic acid bacteria (Barton et al., 2001).
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Fig. 2.3.7 Antibiogram of the isolate CRAG3 using antibiotic octodiscs on MRS
agar plates. (A) Control culture of the isolate CRAG3. (B-F) Antibiotic

treated culture of the isolate CRAG3.

Table 2.3.5 Antibiogram of isolate CRAG3 using antibiotic containing octodiscs on

MRS agar plates.

'\i;. Antibiotic Concze“n;;atlon (I;sgré% P. pentosaceus SPA*
1 Amikacin 10 M R
2  Ampicillin 25 M R
3 Bacitracin 10U M M
4  Ceftazidime 30 M nd
5 Cephaloridine 30 M R
6 Cloxacillin 01 M R
7 Gentamicin 10 M R
8 Methicillin 05 M S
9 Norfloxacin 10 M R
10 Penicillin-G P 10U M S
11 Cefixime 05 R nd
12  Ciprofloxacin 10 R R
13 Co-Trimoxazole 25 R nd
14 Kanamycin 30 R R
15 Nalidixic acid 30 R nd
16  Sulphamethoxazole 50 R nd
17  Tobramycin 10 R R
18  Trimethoprim 2.5 R nd
19  Vancomycin 30 R R
20 Gentamicin 10 R nd
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NS(;_ Antibiotic Concza”ns;;atlon CI:SF?EJ;% P. pentosaceus SPA*
21 Amoxycillin 10 S S
22 Amoxyclav 10 S M
23 Cefoperazone 75 S nd
24  Cephaclor 30 S nd
25 Cephalexin 10 S M
26  Cephalothin 30 S M
27 Clindamycin 02 S M
28 Erythromycin 15 S S
29 Imipenam 10 S nd
30 Lincomycin 02 S S
31 Nitrofurantoin 50 S nd
32 Novobiocin 30 S M
33 Oleandomycin 15 S S
34 Oxytetracycline 30 S S
35 Piperacilin 100 S S
36 Tetracycline 100 S nd
37  Ticarcillin 75 S nd
38 Carbenicillin 100 S S
39 Cephotaxime 30 S M
40 Chloramphenicol 30 S S
41 Co-trimazine 25 S R
42  Oxacillin 05 S M

Zone of inhibition of growth of microorganisms: 0-2 mm (R-Resistant); 3-6 mm
(M- Moderate); 7-13 mm (S- Sensitive). nd- not determined

*Patel and Goyal, 2010

2.3.4 16S rRNA gene sequence based identification of isolate CRAG3
2.3.4.1 Genomic DNA isolation

The genomic DNA from the isolate CRAG3 extracted and purified using
QIAquick® Gel Extraction Kit (QIAGEN) as described earlier in Section 2.2.9.4

showed a single band of 19.1 kbp size on 0.8% (w/v) agarose gel (Fig. 2.3.8).
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Fig. 2.3.8 Agarose gel (0.8%) showing isolated genomic DNA of isolate CRAG3.
Lane 1: DNA Ladder; Lane 2: Genomic DNA of isolate CRAG3.

2.3.4.2 PCR amplification and cloning of 16S rRNA gene
The PCR amplified 16S rRNA gene using genomic DNA as template showed

a single band of approximately, 1.5 kbp (Fig. 2.3.9).
kbp 1 2

Fig. 2.3.9 Agarose gel (0.8%, w/v) showing PCR product of 16S rRNA gene of 1.5
kbp amplified from genomic DNA of isolate CRAG3. Lane 1: DNA
Ladder; Lane 2: PCR amplicon of 16S rRNA gene.
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The PCR amplicon of 16S rRNA gene was cloned into pGEMrteasy vector and
the ligation was confirmed by digestion with EcoRI and Sacl restriction enzymes. The
restriction digestion of pGEMreasy plasmids containing the 16S rRNA gene with
EcoRI enzyme showed a band of nearly 4,500 bp due to the linearization of plasmid
while Sacl treated plasmid showed two bands, viz. 3,000 bp of pGEMreasy plasmid
and 1,500 bp of 16S rRNA gene (Fig. 2.3.10A). The PCR amplification using
universal oligonucleotide primers and pGEMreasy plasmid showed a single band of

approximately 1,500 bp (Fig. 2.3.10B) confirmed the cloning of the 16S rRNA gene.

1 2 3 kbp kbp 1 2

Fig. 2.3.10 Agarose gel (0.8%, w/v) showing confirmation of positive clone using
restriction digestion. (A) Plasmid treated with; Lane 1. EcoRI showing
a band of 4.5 kbp (plasmid + insert); Lane 2. Sacl showing two bands
of 3.0 kbp (plasmid) and 1.5 kbp (insert); Lane 3. DNA ladder. (B)
PCR amplification of 16S rDNA. Lane 1. DNA ladder; Lane 2. PCR
amplicon.

2.3.4.3 Sequence analysis of 16S rRNA gene
After PCR amplification, 16S rDNA gene sequence analysis was performed to

identify the isolate CRAG3. The profiles obtained by PCR amplification allowed for
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identification of the isolate at both genus and species levels. The consensus sequence

of 1269 bp of 16S rDNA was generated from forward and reverse sequence data using

aligner software (Fig. 2.3.11).

Fig.

National Centre for Biotechnological Information (NCBI) Genbank (http://

WWwW

analysis using Blast program demonstrated 99%-100% homology with 16S rRNA

ATTATGACGTACTTGTACTGATTGAGATTTTAACACGAAGTGAGTGGCGAACGGGTGAGTAACAC
GTGGGTAACCTGCCCAGAAGTAGGGGATAACACCTGGAAACAGATGCTAATACCGTATAATAGA
GAAAACCGCATGGTTTTCTTTTAAAAGATGGCTCTGCTATCACTTCTGGATGGACCCGCGGCGTA
TTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCAGTGATACGTAGCCGACCTGAGAGGGTAAT
CGGCCACATTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCC
ACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAG
CTCTGTTGTTAAAGAAGAACGTGGGTAAGAGTAACTGTTTACCCAGTGACGGTATTTAACCAGAA
AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTT
ATTGGGCGTAAAGCGAGCGCAGGCGGTCTTTTAAGTCTAATGTGAAAGCCTTCGGCTCAACCGA
AGAAGTGCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCG
GTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGCAACTGAC
GCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACG
ATGATTACTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGTAATCCGC
CTGGGGAGTACGACCGCAAGGTTGAAACTCAAAAGAATTGACGGGGGCCCGCACAAGCGGTGG
AGCATGTGGTTTAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATCTTCTGACAGTCT
AAGAGATTAGAGGTTCCCTTCGGGGACAGAATGACAGGTGGTGCATGGTTGTCGTCAGCTCGTG
TCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTACTAGTTGCCAGCATTAAGT
TGGGCACTCTAGTGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCAAATCATC
ATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAACGAGTCGCGAGACCGC
GAGGTTAAGCTAATCTCTTAAAACCATTCTCAGTTCGGACTGTAGGCTGCA

2.3.11 Consensus sequence (1269 bp) of 16S rRNA gene of isolate CRAG3.

The 16S rRNA gene sequence was compared with reference bacteria from the

.ncbi.nlm.nih.gov/) and Ribosomal Database Project (RDP). The sequence

gene sequence of members of Pediococcus pentosaceus (Table 2.3.6).
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Table 2.3.6 Alignment results using combination of NCBI GenBank and RDP

database
Accession Description Max | Total | Query E . Ma)_(
score|score|coverage |value|identity
DQ267152.1|Pediococcus pentosaceus 2344|2344 | 100% | 0.0 | 100%
JN944736.1 |Pediococcus pentosaceus strain ULAG75 2344|2344 | 100% | 0.0 | 100%
JN944687.1 |Pediococcus pentosaceus strain ULAG23 233812338 | 100% | 0.0 | 99%
JN036551.1 |Pediococcus pentosaceus strain R-P 233812338 | 100% | 0.0 | 99%
JX232608.1 |Pediococcus pentosaceus strain S6 233812338 | 100% | 0.0 | 99%
HQ589248.1|Pediococcus pentosaceus strain Z1 2338|2338 | 100% | 0.0 | 99%
HQ834496.1 |Pediococcus pentosaceus strain SC1 233812338 | 100% | 0.0 | 99%
HQ286591.1 |Pediococcus pentosaceus strain PP strain MJK7 | 2338 | 2338 | 100% | 0.0 | 99%
AB494722.1 Pediococcus pentosaceus strain: MJK7 23382338 | 100% | 0.0 | 99%
AB481102.1 \Pediococcus pentosaceus, strain: KT3CE27 2338|2338 100% | 0.0 | 99%

Similarity searches were carried out using the BLAST algorithms available at
(http://www.ncbi.nlm.nih.gov/blast). Multiple sequence alignment was performed
using ClustalW2 (http://www.ebi.ac.uk/clustalw2) (Casanellas and Fernandez-
S anchez, 2008). The alignment was checked visually and corrected manually using
the sequence editor. The homology in sequences identified by the above methods was
used to find out common ancestry. The evolutionary history was inferred using the
neighbour-joining method (Saitou and Nei, 1987). The bootstrap consensus tree
inferred from 500 replicates was taken to represent the evolutionary history of the
taxa analyzed (Felsenstein, 1985). Branches corresponding to partitions reproduced in
less than 50% bootstrap replicates are collapsed. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (500 replicates) is
shown next to the branches (Felsenstein, 1985). The evolutionary distances were
computed using the Kimura 2-parameter method (Kimura, 1980) and are in the units
of the number of base substitutions per site. Codon positions included were

Ist+2nd+3rd+ noncoding. All positions containing gaps and missing data were
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eliminated from the dataset (complete-deletion option). There were a total of 1269
positions in the final dataset. Phylogenetic analyses were conducted in MEGA4
(Tamura et al., 2007). The isolate CRAG3 was clustered with Pediococcus
pentosaceus strain  ULAG75 (GenBank Accession Number: JN944736) and
Pediococcus pentosaceus (GenBank Accession Number: DQ267152) (Fig. 2.3.12)
which confirmed the isolate to be Pediococcus pentosaceus. The isolate CRAG3 was
identified as Pediococcus pentosaceus and its 16S rRNA gene sequence was
submitted to the NCBI GenBank database. The isolate CRAG3 was assigned the

Genbank accession number JX679020.

14 Pediococcus pentosaceus KT3CE27

Pediococcus pentosaceus Z1

Pediococcus pentosaceus SC1
Pediococcus pentosaceus S6

16

Pediococcus pentosaceus MJK7

Pediococcus pentosaceus R-P
Pediococcus pentosaceus PP

20

Pediococcus pentosaceus ULAG23
Pediococcus pentosaceus CRAG3

70 Pediococcus pentosaceus ULAGT75

34 Pediococcus pentosaceus

Fig. 2.3.12 Phylogenetic tree made in MEGA4 software using Neighbour Joining
method demonstrating the relationship of isolate CRAG3 to other
Pediococcus species from NCBIL.
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2.4 Conclusions

A strain of lactic acid bacteria was isolated from fermented cucumber on the
basis of its ability to produce higher dextransucrase and dextran. The isolate CRAG3
displaying maximum enzyme activity (2.7 U/ml) and maximum total carbohydrate
content (4.5 mg/ml) was selected for identification and further biochemical
characterization. The morphological characteristics showed that the isolate was Gram
positive and coccus shaped bacterium, forming round colonies.

The biochemical characterization of isolate CRAG3 displayed its ability to
utilize carbohydrates such as cellobiose, dextrose, arabinose, sucrose, maltose,
mannose and galactose. However, the isolate CRAG3 failed to utilize raffinose,
inulin, lactose and mellibiose. Triple sugar iron agar test also confirmed that the
isolate CRAG3 was able to ferment sucrose and glucose. The isolate CRAG3 was
catalase negative since no bubble formation was observed on addition of H>O». The
motility agar test proved CRAG3 as a non-motile bacterium since it did not spread in
motility indole lyine agar slant. The antibiotic sensitivity test showed that the isolate
was resistant to cefixime, ciprofloxacin, co-trimoxazole, kanamycin, nalidixic acid,
sulphamethoxazole, tobramycin, trimethoprim, vancomycin and gentamicin. The
resistance of Pediococcus pentosaceus CRAG3 to vancomycin, showed its common
characteristics of lactic acid bacteria.

Identification of isolate was done on the basis of 16S rRNA sequence analysis.
Consensus sequence of 1,269 bp of 16S rDNA gene was generated from forward and
reverse sequence data using aligner software. The isolate was clustered with
Pediococcus pentosaceus strain ULAG75 (GenBank Accession Number: JN944736)

and Pediococcus pentosaceus (GenBank Accession Number: DQ267152) which
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confirmed it as Pediococcus pentosaceus. The isolate CRAG3 was assigned the
Genbank accession number JX679020. The members of Pediococcus genus have
great economic importance in the fermented food industry, as starter cultures in
fermentation processes of milk, meat, vegetable products and sausages and also as
probiotics. Since the dextransucrase producing ability of Pediococcus pentosaceus has
not been much explored, this strain could serve as good candidate for potential
applications in food industries. The interest in studying applications of dextran is
increasing day by day which shows the importance of exploring of novel strains of

bacteria and characterization of their traits.
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Production, purification and characterization of dextransucrase
from Pediococcus pentosaceus CRAG3

3.1 Introduction

Glucansucrases (GSs), also known as glucosyltransferases (GTFs), are large
size extracellular enzymes that catalyse the synthesis of different types of a-glucans
such as dextran, mutan, alternan and reuteran using sucrose as a substrate. Depending
upon the nature of synthesized product they are categorize as dextransucrase (EC
2.4.1.5), alternansucrase (EC 2.4.1.140), mutansucrase (EC 2.4.1.5) and
reuteransucrase (EC 2.4.1.5) (Leemhuis et al., 2013). Glucansucrases have been
identified in lactic acid bacteria (LAB).

The high molecular weight of dextransucrase is due to its aggregated form in
presence of dextran (Majumder et al., 2007). Dextransucrase consists of two domains;
N-terminal catalytic and C-terminal glucan-binding domain containing chain of direct

repeating units (Funane et al., 1998). The major dextransucrase producers belong to
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families Lactobacillaceae and Streptococcaceae, especially the genera Lactobacillus,
Leuconostoc and Streptococcus. Most of the studies on dextran and dextransucrase
production have been conducted on Leuconostoc mesenteroides in which the
dextransucrases are produced by sucrose induction (Neely and Nott, 1962), with few
exceptions where they are constitutively produced (Kim and Robyt, 1994a; Kim and
Robyt, 1994b). The dextran production by Pediococcus genus had not been much
studied (Smitinont et al., 1999; Patel et al., 2010). There are number of factors such as
temperature, medium components and shaking conditions that affect production of
dextransucrase (Tsuchiya et al., 1952; Lazic et al., 1993; Goyal et al., 1995;
Rodrigues et al., 2003; Cortezi et al., 2004). The optimum temperature for production
of dextransucrase from Leuconostoc spp ranging from 20 to 30°C (Tsuchiya et al.,
1952; Barker and Ajongwen, 1991; Veljkovic ef al., 1992; Goyal and Katiyar, 1997;
Dols et al., 1997; Cortezi et al., 2004). The shaken and static flask cultures also affect
the production of dextransucrase (Tsuchiya et al., 1952; Veljkovic et al., 1992; Goyal
etal., 1995).

Since the dextransucrase production is induced by sucrose, there is continuous
production of dextran in culture medium which makes it viscous and thereby the
purification of enzyme becomes unwieldy. The purification of dextransucrase can be
done by ultra-filtration, salt and PEG precipitation, chromatography and phase-
partitioning, alone or in combination (Majumder et al., 2007). However the simplest,
effective and one step purification method amongst them is fractionation by
polyethylene glycol (PEG) (Russell, 1979; Goyal and Katiyar, 1994; Purama and
Goyal, 2008). It involves the precipitation of high molecular weight proteins which

occur in aggregated forms (Miekka and Ingham, 1978). Due to their large molecular
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weight and aggregate forming tendency in solution of dextransucrase, nonionic
hydrophilic polymer PEG is used for purification (Goyal and Katiyar, 1994; Purama
and Goyal, 2008; Nigam et al., 2006).

Dextransucrase has been reported to exist in single or multiple forms having
molecular weight in the range 64,000-245,000 (Kobayashi and Matsuda, 1980;
Willemot et al., 1988; Goyal and Katiyar, 1994; Purama and Goyal, 2008).
Leuconostoc mesenteroides NRRL B-512F is a widely studied dextransucrase
producing strain (Fu and Robyt 1990; Goyal et al., 1994; Goyal and Katiyar, 1994). In
one study it has been reported to produce two main forms of dextransucrase of
molecular weight nearly 177 and 158 kDa as determined by SDS-PAGE (Miller and
Robyt, 1986), however there are reports on the existence of multiple molecular forms
of the same enzyme (Kobayashi and Matsuda, 1986; Goyal and Katiyar, 1994;
Quirasco et al., 1999). The four active forms of dextransucrase from Leuconostoc
mesenteroides NRRL B-512F with molecular weights 170, 160, 116 and 97 kDa were
characterized by Quirasco et al. (1999). The dextransucrase from Leuconostoc
mesenteroides NRRL B-512FMC and Leuconostoc mesenteroides NRRL B-512F
were found to be was 184 kDa (Kim and Robyt, 1994a) and 188 kDa (Goyal and
Katiyar, 1994), respectively while that from Pediococcus pentosaceus was 180 kDa
(Patel et al., 2011).

The effects of different metal ions on dextransucrase from Pediococcus
pentosaceus (Patel et al., 2011) and Leuconostoc mesenteroides NRRL B-1299
(Kobayashi and Matsuda, 1976) showed that Ca>* and Mg** enhanced the activity of
both bacteria. The divalent ions such as Ca** and Mg** enhanced the activity of

dextransucrase from Leuconostoc mesenteroides NRRL B-1146 (Majumder et al.,
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2008). The addition of CaCl, with purified dextransucrase from Leuconostoc
mesenteroides NRRL B-512F increased its activity (Lopez and Monsan, 1980; Goyal
etal., 1995).

The present study describes the purification of dextransucrase from
Pediococcus pentosaceus CRAG3 using fractionation and gel filtration. The purified
enzyme was identified and confirmed as dextransucrase by Periodic Acid Schiff’s
(PAS) staining procedure using sucrose and raffinose. The biochemical properties of

purified dextransucrase were analysed.
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3.2 Materials and Methods
3.2.1 Chemicals, reagents and microorganism

The bacterial strain Pediococcus pentosaceus CRAG3 (Genbank Accession
Number JX679020) was isolated from fermented cucumber as described earlier in
Chapter 2, Section 2.2.2. It was propagated in modified MRS agar medium (Goyal
and Katiyar, 1996) as a stab incubated at 30°C, stored at 4°C and subcultured every
15 days. The modified MRS agar medium was prepared as described in Chapter 2,
Section 2.2.3. The chemicals required for protein estimation such as sodium
carbonate, sodium hydroxide, sodium potassium tartrate, cupric sulphate and phenol
reagent and buffer preparation were of highest purity grade. PEG-400 from Qualigens
Pvt. Ltd., India and PEG-1500 from BDH, U.K. were used for fractionation of
dextransucrase. The chemicals required for Sodium dodecyl sulphate Polyacrylamide
gel electrophoresis (SDS-PAGE) were purchased from Sigma, St. Louis, MO, USA.
The protein ladder (40-300 kDa) for SDS-PAGE was purchased from Fermentas,
USA. Tween 80, magnesium sulphate heptahydrate, manganese sulphate tetrahydrate,
ferrous sulphate heptahydrate and calcium chloride dihydrate were purchased from
Fisher Scientific Pvt. Ltd., India. The semi-skimmed milk was purchased from Anand

Milk Union Limited (AMUL), India.

3.2.2 Protein estimation method
3.2.2.1 Preparation of reagents for protein estimation
The reagents for estimation of protein content were prepared by the method of

Lowry et al. (1951) and as described in Table 3.2.1.
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Table 3.2.1 List of components for preparation of reagents for protein estimation.

Reagents | Components Amount | Procedure
Sodium carbonate | 2.0 g Both the components were dissolved in
Reagent A deionized water and volume was made to

Sodium hydroxide | 0.4 g 100 ml

1 g was dissolved in 50 ml deionized water.

Reagent Sodium potassium

B1 tartrate 2% (wiv)

Reagent , 0.5 g was dissolved in 50 ml in deionized

B2 Cupric sulphate 1% (W/v) water.

Reagent C Fre.:shl}/ pre.pared by mixing Reagent B1, Reagent A and Reagent B2 in the
ratio 1:100:1.

Phenol 3 N Phenol reagent (10 ml) was dissolved

Reagent Phanghrogggstt(1N) in 20 ml deionized water.

3.2.2.2 Standard plot of BSA for protein estimation

A standard plot was prepared by method of Lowry ef al. (1951) with certain
modifications using Bovine serum albumin (BSA) for protein estimation. The
absorbance at 660 nm (Aeso) Was taken. The stock solution of BSA (5.0 mg/ml) was
prepared from which dilutions varying between 50-500 pg/ml were made. To the
BSA solution (200 ul), 1 ml of reagent C was added and incubated for 15 min at
25°C. Then 100 pl of 1N phenol reagent was added and the solution (1.3 ml) was
further incubated for 30 min. For blank, instead of BSA solution 200 ul of distilled
water was used. The absorbance at 660 nm (Asso) of samples was taken against the

blank. The Agso was plotted against each concentration of BSA (Fig. 3.2.1).
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Fig. 3.2.1 Standard plot between varying concentrations of bovine serum albumin
against absorbance (Asoo) using Lowry’s method for protein estimation.

3.2.2.3 Procedure for protein estimation

To 200 ul of sample containing protein (as described later in Section 3.2.5), 1
ml of reagent C was added. After 15 min, 100 ul of phenol reagent was added and the
solution (1.3 ml) was mixed. The absorbance at 660 nm (Ass0) was measured after 30

min against a blank and the protein concentration was calculated as follows:

Asso X Cx 103 xV

Protein concentration = v (mg/ml)

where,
Asso = Optical density of protein sample at 660 nm
C= Amount (ug/ml) of BSA at OD=1 from standard plot (526 ug/ml)
V= Volume (ml) of reaction mixture
v = Volume (ml) of the protein sample
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3.2.3 Calculation of specific activity of enzyme

Specific activity is defined as the amount of substrate which an enzyme
converts per mg of protein, per unit of time and expressed in U/mg. It measures the
purity of enzyme. The larger the value of specific activity the more pure the enzyme,
since the amount of protein (mg) is less, but the rate of reaction stays the same. The
specific activity of an enzyme was calculated using enzyme activity (as described
earlier in Chapter 2, Section 2.2.5.1.3) and protein concentration (as described in

Section 3.2.2.3) as follows:

s . Enzyme activity (U/ml) U/mg
ecific activity = =
P y Protein concentration (mg/ml)

3.2.4 Optimization of culture conditions for dextransucrase and dextran
production

3.2.4.1 Effect of shake flask culture on dextransucrase and dextran production

The enzyme production medium (Tsuchiya et al., 1952) as described earlier in
Chapter 2, Section 2.2.4 was used for dextransucrase and dextran production.
Fermentations were carried out with 1% (v/v) inoculum of overnight grown culture of
Pediococcus pentosaceus CRAG3 in 100 ml enzyme production medium each in a
250 ml Erlenmeyer flask and incubated under shaking (180 rpm) and static condition
at 28°C. 1.0 ml samples were withdrawn at regular time intervals and centrifuged at
8,000g and at 4°C for 10 min. The cell pellet was discarded and the cell free
supernatant was analyzed for enzyme activity and total carbohydrate content as

described in Chapter 2, Section 2.2.5.1.3 and Section 2.2.6, respectively.
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3.2.4.2 Effect of temperature on dextransucrase and dextran production

The effect of temperature on dextransucrase and dextran was determined by
growing Pediococcus pentosaceus CRAG3 at various temperatures. 1% (v/v)
inoculum of overnight grown culture in 100 ml enzyme production medium (Tsuchiya
et al., 1952) as described earlier in Chapter 2, Section 2.2.4 in a 250 ml Erlenmeyer
flask was incubated at different temperatures (10°C, 20°C, 25°C, 28°C, 30°C, 37°C,
and 45°C) at 180 rpm in a shaking incubator. Aliquot (1.0 ml) of culture was
withdrawn at regular time intervals and centrifuged at 8,000g and at 4°C for 10 min to
pellet the cells. The cell free supernatant was analyzed for enzyme activity and total
carbohydrate content as described earlier in Chapter 2, Section 2.2.5.1.3 and Section

2.2.6, respectively.

3.2.5 Production and purification of dextransucrase

The enzyme production medium (Tsuchiya ef al., 1952) as described earlier in
Chapter 2, Section 2.2.4 was used for dextransucrase production. Fermentation was
carried out with 1% (v/v) inoculum of overnight grown culture of Pediococcus
pentosaceus CRAG3 in 50 ml enzyme production medium in a 150 ml Erlenmeyer
flask and incubated at optimized conditions of 25°C and 180 rpm for 6 h. The cell
pellet was removed by centrifuging at 8,000g for 10 min at 4°C and the cell free

supernatant was used for purification of enzyme as described later in Section 3.2.5.1.
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3.2.5.1 Purification by fractionation with polyethylene glycol

Purification of dextransucrase was done by using graded concentrations of
polyethylene glycols (PEGs) of different molecular weights. Pre-chilled PEG-400 was
added to 50 ml cell free supernatant in a manner that final concentration reached
between 15-40% (v/v). Solution containing 50% (w/v) of PEG-1500 was prepared in
distilled water and added to 50 ml cell free supernatant to make final concentration
between 5-25% (v/v). The dextransucrase was allowed to fractionate by incubating
the solutions at 4°C for 12 h. The fractionated dextransucrase was centrifuged at
13,000g for 30 min at 4°C and pellet containing enzyme was dissolved in minimum
volume of 20 mM sodium acetate buffer (pH 5.4). Dialysis of re-suspended enzyme
was carried out using 14 kDa cut off membrane (Himedia Pvt. Ltd. India) using 20
mM sodium acetate buffer (pH 5.4). The samples of purified dextransucrase were
analysed for enzyme activity by the method as described earlier in Chapter 2, Section
2.2.5.1.3. The protein concentration was determined by the method as described

earlier in Section 3.2.2.3.

3.2.5.2 Purification of dextransucrase using gel filtration

The enzyme partially purified with 15% (v/v) PEG-1500 with 20 U/mg
specific activity was further purified using gel filtration. The glass column (1.5 x 50
cm) (Bio-Rad Laboratories, USA) was packed with Sephacryl S-300HR matrix
(Sigma, St. Louis, MO, USA) of bed volume 80 ml. The column was pre-equilibrated
with 20 mM sodium acetate buffer (pH 5.4). 2 ml dialyzed enzyme (0.3 mg/ml) with
20 U/mg specific activity was loaded on column which was connected to

chromatography system with UV detector and fraction collector (Biologic LP, Bio-
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Rad Labs, USA). Total 50 fractions (3 ml each) were eluted using 20 mM sodium
acetate buffer (pH 5.4) at a flow rate of 0.5 ml/min and those having high absorbance
at 280 nm were analysed for enzyme activity as described earlier in Chapter 2,
Section 2.2.5.1.3 and protein concentration as described earlier in Section 3.2.2.3. The
fractions with considerable higher enzyme activity were pooled, lyophilized and run
on SDS-PAGE (as described later in Section 3.2.6) to analyse the purity and size of
the enzyme. In situ activity of dextransucrase was done by periodic acid Schiff’s base
(PAS) protocol as discussed later in Section 3.2.8. The molecular mass of protein

band was determined with the help of Hedrick’s plot (Hedrick and Smith, 1968).

3.2.6 Electrophoretic analysis of purified dextransucrase

The electrophoretic analysis of purified dextransucrase from Pediococcus
pentosaceus CRAG3 was carried out using Sodium dodecyl sulphate-Polyacrylamide
gel electrophoresis (SDS-PAGE) following the method of Laemmli (1970). The
proteins are separated on SDS-PAGE on the basis of their molecular sizes (Laemmli,
1970; Sambrook et al., 1989). To determine the molecular mass of dextransucrase
from Pediococcus pentosaceus CRAG3, SDS-PAGE was run under denaturing
condition as described later in Section 3.2.6.1. The stock reagents for SDS-PAGE
were prepared as described in Table 3.2.2. The components for preparing running
buffer for electrophoresis and sample loading buffer are given in Table 3.2.3. The
resolving gel and stacking gel were prepared using the components described in Table
3.2.4 and 3.2.5, respectively. All the solutions were prepared in deionized water. The
dextransucrase sample purified by 10% (v/v) PEG 1500 was also run on native-PAGE

as described later in Section 3.2.6.2 to check its purity. However, in situ activity of
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dextransucrase was determined by running the gel under non denaturing condition as

described later in Section 3.2.6.3.

Table 3.2.2 Components for the preparation of stock reagents for SDS-PAGE.

Stock reagent

Preparation

Acrylamide
solution (30%)

0.8 g of N'N’-methylene-bis acrylamide was dissolved in 50 ml
ultra-pure deionized water collected at 18 MQcm (Millipore, Milli-Q
water purification system) in amber colored bottle. On complete
dissolving, 29.2 g acrylamide was added to it and stirred on a
magnetic stirrer till the clear solution was formed. The final volume
was adjusted to 100 ml. The solution was filtered (Whatman No. 1)
and stored at 4°C in dark.

Tris HCI
(1.5 M, pH 8.8)

54.45 g Tris base was dissolved in 150 ml deionized water. The pH
of solution was adjusted to 8.8 using HCI and volume made to 300
ml. It was stored at 4°C.

Tris HCI
(0.5M, pH 6.8)

6 g Tris base was dissolved in 60 ml deionized water. The pH of
solution was adjusted to 6.8 using HCI and volume made to 100
ml. It was stored at 4°C.

SDS
(10%, w/v)

10 g sodium dodecyl sulfate (SDS) was dissolved in 60 ml
deionized water. The volume made to 100 ml.

APS
(10%, w/v)

100 mg ammonium per sulfate (APS) was dissolved in 1 ml
deionized water.

Table 3.2.3 Components for the preparation of 5X running buffer and 5X sample
loading buffer.

Solution

Preparation

5x running buffer

15 g Tris base, 5 g 10% (w/v) SDS and 72 g glycine were

for electrophoresis  dissolved in 800 ml of deionized water. The pH was adjusted

to 8.3 and volume was adjusted to 1000 ml. The solution was
filtered (Whatman, Filter No. 1) and stored at 4°C. The buffer
(5x) was diluted to 1x and prewarmed at 37°C before use.

5x sample loading The sample loading buffer was prepared by the method of

buffer

Laemmli, (1970). 1.0 ml 0.5 M Tris (pH 6.8), 1.6 ml 10% SDS,
1.0 ml glycerol, 0.4 ml B-mercaptoethanol 0.4 ml 0.5% (w/v)
bromophenol blue were dissolved in 3.0 ml deionized water
and pH was adjusted to 6.8. The final concentration of buffer
was 1x by mixing 1 volume of 5x sample loading buffer to 4
volumes of sample (protein) before loading in gel.
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Table 3.2.4 Components for the preparation of resolving gel.

Component VZ{Sn/uoeg(?rlm VZIfrrf)eg(?rLl)
30% acrylamide solution 2.30 2.50
10% (w/v) SDS solution 1.00 1.00
50% (v/v) glycerol 1.00 1.00
1.5 M Tris (pH 8.8) 3.30 3.30
10% (w/v) APS solution 0.10 0.10
TEMED 0.01 0.01
Deionized water 2.30 2.10
Total volume (ml) 10.00 10.00

Table 3.2.5 Components for the preparation of 4% stacking gel.

Component Volume (ml)
30% acrylamide-bisacrylamide solution 0.70
10% (w/v) SDS solution 0.50
0.5 M Tris (pH 6.8) 1.00
10% (w/v) APS solution 0.05
TEMED 0.01
Deionized water 2.74
Total volume (ml) 5.00

3.2.6.1 Denaturing SDS-PAGE

The 40 pl protein sample was mixed with 10 ul 5x sample loading buffer
(Table 3.2.3) along with protein molecular mass marker and boiled for 2 min in
boiling water bath and loaded on the 7.0% gel. The electrophoresis was carried out in
1X running buffer (as described in Section 3.2.6) with a constant current of 2 mA per

lane using vertical gel electrophoresis unit (Biorad, Mini-PROTEAN Tetra Cell).
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3.2.6.2 Native-polyacrylamide gel electrophoresis of purified dextransucrase

The native-polyacrylamide gel electrophoresis (PAGE) of dextransucrase was
performed using 7% (w/v) gel using the method described earlier (Purama and Goyal,
2008). The acrylamide gel (1.5 mm thick) was prepared in 1 M Tris-HCI pH 8.8. The
protein samples were prepared in 5X sample loading buffer as described in Table
3.2.3, but without 2-mercaptoethanol and SDS. The enzyme samples were loaded
without heating. The electrophoresis was carried out using running buffer for
electrophoresis as described in Table 3.2.3 but without SDS, with a constant current
of 2 mA per lane using a vertical slab mini gel unit (Mini-PROTEAN Tetra Cell
BioRad, USA). After run the protein bands were fixed with (5%, v/v) acetic acid for 5
min and stained with 0.25% (w/v) Coomassie Brilliant Blue for 30 min. The gel was
de-stained by repeated washing using a solution containing 40% methanol and 10%

(v/v) acetic acid.

3.2.6.3 Non-denaturing SDS-PAGE

Non-denaturing SDS-PAGE analysis of purified enzyme was carried out to
analyse the in situ activity of dextransucrase. The samples were prepared by mixing
40 ul enzyme samples and 10 ul 5x sample loading buffer without 2-mercaptoethanol
and the samples loaded without boiling. The samples were loaded in 7% gel and the
electrophoresis was carried out in 1X running buffer (as described in Section 3.2.6)

with a constant current of 2 mA per lane using vertical gel electrophoresis unit (Mini-

PROTEAN Tetra Cell, Biorad, USA).
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3.2.7 Staining of dextransucrase using Coomassie brilliant blue dye

After the electrophoresis the protein bands were fixed with solution containing
5% (v/v) acetic acid for 5 min and visualized using a staining solution containing
0.25% (w/v) Coomassie brilliant blue (CBB) R-250 dye in 10% (v/v) acetic acid and
90% methanol:water (in 1:1 ratio) after incubation for 30 min. The gel was then
destained by repeated washing using a destaining solution containing 40% (v/v)

methanol and 10% (v/v) acetic acid till the protein bands were visible.

3.2.8 Activity staining of dextransucrase using Periodic Acid Schiff’s base
3.2.8.1 Preparation of solutions for Periodic Acid Schiff’s staining
The components and their composition, used in the preparation of solutions

for periodic acid Schiff’s base (PAS) staining are shown in Table 3.2.6.

Table 3.2.6 List of components for preparation of solutions for PAS staining

S. No. Solutions and their composition
1. 0.1% (v/v) Triton X-100 and 0.005% (w/v) CaCl. in 20 mM sodium
acetate buffer (pH 5.4)

2. 10% sucrose (w/v) in 20 mM sodium acetate buffer (pH 5.4)

3. 75% (v/v) ethanol

4. 0.7% (w/v) periodic acid and 5% (v/v) acetic acid in deionized water

5. 0.2% (w/v) sodium metabisulfite and 5% (v/v) acetic acid in deionised
water

6. Schiff's reagent 0.5% (w/v) basic fuschin and 1% (w/v) sodium

metabisulfite in 0.1 N HCI
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3.2.8.2 Periodic Acid Schiff’s staining method

In situ activity of dextransucrase run on 7% SDS-PAGE under non denaturing
conditions (as described earlier in Section 3.2.6.2) was detected by periodic acid
Schiff’s base (PAS) staining using the protocol of Holt er al. (2001). After the
electrophoresis run the gel containing identical enzyme samples was cut into two
parts. The SDS of both gel parts was removed from gel by washing thrice by a
solution containing 20 mM sodium acetate buffer (pH 5.4), 0.1% (v/v) TritonX-100
and 0.005% (w/v) calcium chloride for 20 min. Dextransucrase activity was detected
by incubating one gel part in 5% (w/v) sucrose prepared in 20 mM sodium acetate
buffer (pH 5.4) at 30°C for 12 h (Shukla et al., 2010). The presence of fructansucrase
was ruled out by incubating second part of gel in 2% (w/v) raffinose in 20 mM
sodium acetate buffer (pH 5.4) at 30°C for 12 h. After incubation, both the gel parts
were washed twice with 75% (v/v) ethanol for 20 min each time and incubated in
solution with 0.7% (w/v) periodic acid in 5% (v/v) acetic acid for 20 min at 25°C.
Both the parts of gel were then washed thrice with 0.2% (w/v) sodium bisulphate in
5% (v/v) acetic acid solution and finally stained with Schiff’s reagent (0.5%, w/v
basic Fuschin, 1%, w/v sodium bisulphite and 0.1 N HCI) until the discrete magenta

bands appeared within the gel, which confirmed dextransucrase activity.

3.2.9 Optimization of assay conditions for dextransucrase
3.2.9.1 Effect of pH on dextransucrase activity

The effect of pH on dextransucrase activity was determined by varying the pH
of the reaction mixture from 4.0-7.0. The reaction mixture (1 ml) comprising 5%

(w/v) sucrose in 20 mM sodium acetate buffer of varying pH (4.0-7.0) and 20 pl
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purified enzyme (20.0 U/mg, 0.3 mg/ml) was incubated at 30°C in waterbath for 15
min. The enzyme activity was determined by taking 100 pl of reaction mixture using

the method as described in Chapter 2, Section 2.2.5.1.3.

3.2.9.2 Effect of temperature on dextransucrase activity

The reaction was carried out at various temperatures ranging from 10°C-50°C
to determine the effect of temperature on dextransucrase activity. The reaction
mixture (1 ml) contained 5% (w/v) sucrose and 20 pl partially purified dextransucrase
(20.0 U/mg, 0.3 mg/ml) in 20 mM sodium acetate buffer (pH 5.4). The reaction was
performed at varying temperatures (10°C, 20°C, 30°C, 40°C and 50°C) for 15 min and
the enzyme activity was determined by the method as described earlier in Chapter 2,

Section 2.2.5.1.3.

3.2.9.3 Effect of ionic strength on dextransucrase activity

The reaction mixture (1 ml) containing varying concentration (5-100 mM) of
sodium acetate buffer (pH 5.4), sucrose (5%, w/v) and dextransucrase (20 ul, 20.0
U/mg, 0.3 mg/ml) was used for determining the effect of ionic strength on enzyme
activity. The reaction was carried out at 30°C in waterbath for 15 min. The enzyme
activity was determined by the method described earlier in Chapter 2, Section

2.25.1.3.

3.2.9.4 Effect of sucrose concentration on dextransucrase activity
The reaction mixture with varying concentrations of sucrose between 2-500

mM (0.1-15%, w/v) was used to analyse its effect on enzyme activity and to
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determine the kinetic parameters. The reaction mixture (1 ml) contained varying
concentrations of sucrose in 20 mM sodium acetate buffer (pH 5.4), 20 ul purified
dextransucrase (20.0 U/mg, 0.3 mg/ml). The mixture was kept at 30°C in waterbath

for 15 min. The enzyme activity was determined by the method as described earlier in

Chapter 2, Section 2.2.5.1.3.

3.2.10 Effects of salts on dextransucrase activity

The effects of various salts such as MgCl,, CaCl,, CoClz, NiClz, ZnCl, and
MnCl: on dextransucrase activity were studied. The salt solutions were prepared in 20
mM sodium acetate buffer (pH 5.4) to make their final concentration between 0-10
mM. The reaction was carried out in 1 ml mixture containing 5% (w/v) sucrose in 20
mM sodium acetate buffer (pH 5.4), 20 ul of enzyme (20.0 U/mg, 0.30 mg/ml) and
the salt. The reaction mixture was kept at 30°C in waterbath for 15 min. The enzyme

activity was determined as described earlier in Chapter 2, Section 2.2.5.1.2.

3.2.11 Thermostability studies of dextransucrase

The thermostability of purified dextransucrase (20.0 U/mg, 0.3 mg/ml) was
determined by incubating it at various temperatures (10-60°C) for 1 h. The reaction
mixture (1 ml) contained 5% (w/v) sucrose solution in 20 mM sodium acetate buffer
(pH 5.4) and aliquot (20 ul) of enzyme from different temperatures. The mixture was
kept at 30°C in waterbath for 15 min and the residual activity was determined by

following the method as described in Chapter 2, Section 2.2.5.1.3.
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3.2.12 Effect of pH on stability of dextransucrase

The effect of pH on dextransucrase was studied by incubating it at different
pH (3.5-7.0). The lyophilised dextransucrase (1 mg) was dissolved in 1 ml each of 20
mM sodium acetate buffer of varying pH (3.5-7.0). The aliquots (20 ul) were taken at
regular time interval to determine the residual enzyme activity. The reaction mixture
(1 ml) containing 5% sucrose in 20 mM sodium acetate buffer (pH 5.4) and 20 ul
enzyme was incubated at 30°C for 15 min and the residual activity was determined as

described earlier in Chapter 2, Section 2.2.5.1.2.

3.2.13 Effects of storage temperatures on dextransucrase activity

The storage stability of dextransucrase was studied by incubating the
dextransucrase (20 U/mg, 0.3 mg/ml) at different temperatures (0°C, 4°C and -20°C).
The aliquots (20 ul) were taken at regular time interval to determine the residual
enzyme activity. The reaction mixture (1 ml) containing 5% sucrose in 20 mM
sodium acetate buffer (pH 5.4) and 20 ul enzyme was incubated at 30°C for 15 min
and the residual activity was determined as described earlier in Chapter 2, Section
2.2.5.1.2. The residual activity and half-life (#//2) of dextransucrase were measured at
different temperatures with respect to time by assuming that the decay followed first
order kinetics following the method of Naidu ez al. (2003). According to single step
two-stage theory of Sadana (1995) the active enzyme state E is supposed to be
directly converted to inactive state Ed without providing any significant amount of
intermediates. The two-stage mechanism is as follows:

E - Ed (1)

The first-order deactivation can be represented as:
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dE/t = —kd[E] ..(2)
Integration of Eq. (2) leads to:

a = exp (—kdl) ...(3)
where, a = EJ/E.

From the plot of In(a) versus ¢, the slope gives the value of deactivation rate
constant k4. The half-life of an enzyme is defined as the time required by the enzyme
to lose half of its initial activity. After solving equation 3, for a =1/2 and t= 1, we get:

tv.=1In 2/Kkd4 NG
where,
tv, = half-life of enzyme (time).

ka = deactivation rate constant (time™)

3.2.14 Effects of additives on dextransucrase activity

The effects of various additives such as dextran (500 kDa), PEG-8000,
glutaraldehyde, glycerol and Tween 80 on the stability of dextransucrase at 30°C were
determined. The aqueous solutions (1 ml) of additives containing dextransucrase (20.0
U/mg, 0.3 mg/ml) in 20 mM sodium acetate buffer (pH 5.4) with final concentrations
of 2 pg/ml (w/v) dextran (500 kDa), 10 pg/ml (w/v) PEG-8000, 0.1% (v/v)
glutaraldehyde, 0.5% (v/v) glycerol and 0.1% (v/v) Tween 80 were incubated at 30°C
for 15 min and the residual activity was determined as described earlier in Chapter 2,
Section 2.2.5.1.2. The half-life (t1/2) of dextransucrase treated with different additives

was determined at 30°C as described in Section 3.2.13.
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3.2.15 Application of dextransucrase on the solidification of sucrose-
supplemented milk

The effect of dextransucrase from Pediococcus pentosaceus CRAG3 on
sucrose-supplemented semi-skimmed milk was analysed by using the method of Bejar
et al. (2013). To the semi-skimmed milk (20 ml), sucrose was added at final
concentration of 2 and 5% (w/v). The partially purified dextransucrase (20 U/mg, 0.3
mg/ml, 4 ml) from Pediococcus pentosaceus CRAG3 (to make final concentration of
5 U/ml) was added to each of the sucrose-supplemented milk samples. The mixtures
were incubated at 30°C for 20 h. The solidified milk was then visually compared with

the control (milk without enzyme).
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3.3 Results and Discussion

3.3.1 Effect of culture conditions on dextransucrase and dextran production
from Pediococcus pentosaceus CRAG3

The effect of temperature on dextransucrase production from Pediococcus
pentosaceus CRAG3 is shown in Fig. 3.3.1. The maximum enzyme activities at
different temperatures were observed at 6 h. The enzyme activities at 10°C, 20°C,
25°C, 28°C, 32°C, 37°C and 45°C were 0.98, 2.96, 4.32, 2.96, 1.50, 0.77 and 0.17
U/ml, respectively (Fig. 3.3.1). The isolate showed maximum dextransucrase activity
at 25°C and 180 rpm. At temperature lower than 25°C, the enzyme activity was low
that might be due to the slow cell growth. At higher temperatures (>25°C) the
deactivation of the enzyme might be the cause for decreased enzyme activity.

The effect of shaking and static condition on production of dextransucrase
showed that under shaking condition (180 rpm) the enzyme activity was 2.4 fold
higher (4.35 U/ml) as compared to that observed at static condition (1.8 U/ml) (Fig.
3.3.2). This showed that shaking is required for microaerophillic Pediococcus
pentosaceus CRAG3 resulting in higher dextransucrase activity as compared with
static condition. Similar results were observed in case of Pediococcus pentosaceus
SPA (Patel and Goyal, 2010). The dextran concentration of crude cell free supernatant
from the isolate was determined under shaking and static condition at 25°C. The
dextran concentration at 180 rpm (4.5 mg/ml) was 20% higher than that observed

under static condition (3.6 mg/ml) (Fig. 3.3.3).
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Fig. 3.3.1 Effect of temperatures on enzyme activity of Pediococcus pentosaceus
CRAG?3 in enzyme production medium (pH 6.9) at 180 rpm after 6 h.
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Fig. 3.3.2 Effect of shaking and static condition on enzyme activity of Pediococcus
pentosaceus CRAG3 in enzyme production medium (pH 6.9) at 25°C.
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Fig. 3.3.3 Effect of shaking and static condition on dextran concentration (mg/ml)

of Pediococcus pentosaceus CRAG3 in enzyme production medium (pH
6.9) at 25°C.

3.3.2 Purification of dextransucrase from Pediococcus pentosaceus CRAG3
3.3.2.1 PEG fractionation

The cell free supernatant containing dextransucrase (0.67 U/mg, 5.2 mg/ml)
was subjected to fractionation with different concentrations of PEG-400 and PEG-
1500. The purification data including maximum specific activity, fold purification and
percent yield of dextransucrase obtained with both PEGs are shown in Table 3.3.2.
Dextransucrase showed maximum specific activity of 13.0 U/mg with 20 fold
purification with 5% yield at 33% (v/v) of PEG-400. The purification of
dextransucrase with other concentrations of PEG-400 showed lower specific activities
(Fig. 3.3.4). Unlike PEG-6000 which precipitates other non-dextransucrase proteins

also, PEG-400 is more specific towards dextransucrase and can be easily removed by

TH-1219_08610605



Chapter 3 139

dialysis (Russell, 1979). Purification of dextransucrase with PEG-1500 was
performed in a concentration range of 10-25% (Fig. 3.3.4). The maximum specific
activity of 20.0 U/mg with 30 fold purification and 15.6% overall yield was obtained
at 10% (v/v) PEG-1500 (Table 3.3.1). The increase in concentration above 10% (w/v)
of PEG-1500 did not favour the purification of dextransucrase with higher enzyme
activity. Similar results were reported on dextransucrase purification from other lactic
acid bacteria such as Leuconostoc mesenteroides NRRL B-512F (Goyal and Katiyar,
1994) and Leuconostoc mesenteroides NRRL B-640 Purama and Goyal, 2008).
Dextransucrase from Leuconostoc mesenteroides NRRL B-640 purified by 10% (v/v)
PEG-1500 showed maximum specific activity of 23.0 U/mg with 40 fold purification

(Purama and Goyal, 2008).

25.0
—+—PEG-400

g’zo 0 —e-PEG-1500
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©10.0 -
2)
=
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Concentration of PEGs (%, v/v)

Fig. 3.3.4 Purification of dextransucrase from Pediococcus pentosaceus CRAG3 by
polyethylene glycol fractionation using PEG-400 and PEG-1500.
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Table 3.3.1 Purification of dextransucrase by fractionation with polyethylene glycol.

Sample Volume Enzyme  Overall % Protein Specific Fold
(ml)  Activity (Uml) Yield (mg/ml) Activity (Uimg) Purification

Cell free 30 3.50 . 520 0.67 :

supernatant

PEG-400

20% (viv) 2.0 6.50 12.38  0.80 8.09 12.0

25% (VIV) 2.0 1.85 360 022 8.41 13.0

33% (viv) 1.7 5.00 810 0.38 13.2 19.0

40% (vIv) 1.0 5.30 5,04 041 12.9 20.0

PEG-1500

10% (v/v) 3.0 5.46 15.60  0.27 20.21 30.0

15% (vIv) 3.9 4.80 1782  0.38 12.66 19.0

20% (vIv) 2.0 1.20 230 0.16 7.52 11.0

25% (VIv) 2.0 1.11 210  0.15 7.40 11.0

Sephacryl

3300 HR 9.0 1.52 13.03 0.033 46.0 69.0

3.3.2.2 Electrophoretic analysis of PEG purified dextransucrase

The electrophoretic analysis of dextransucrase purified with 10% (w/v) PEG-
1500, on SDS-PAGE gels under denaturing conditions showed two bands (Fig. 3.3.5
A, Lane 1). The denatured dextransucrase gave bands of approximately, 224 and 188
kDa molecular size as determined by Hedrick’s plot (Hedrick and Smith, 1968) (Fig.
3.3.6). This might be due to the denaturation of dextransucrase run under denaturing
conditions as also reported earlier (Purama and Goyal, 2009). However, the same
enzyme sample showed predominantly a single, intact and homogeneous protein band
on native-PAGE (Fig. 3.3.5B, Lane 2). This showed that dextransucrase remains in
single molecular form in native state after purification and dialysis but shows two
bands only in under denaturing conditions. After PAS staining, on incubating the gel
with 5% sucrose for 16 h, single magenta colour band appeared which corresponded

well with the 224 kDa protein band observed in non-denaturing SDS-PAGE. This was
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due to the formation of polysaccharide on polyacrylamide gel confirming the presence
of dextransucrase (Fig. 3.3.5C, Lane 3). Magenta colour band on sucrose-incubated
gel showed the native and active form of the purified dextransucrase. The absence of
band on the gel incubated with 2% raffinose ruled out the presence of fructansucrase
(Fig. 3.3.5C, Lane 4).

kDa M 1

k.

220
160 Dextransucrase
W, (224 kDa)
100
90

80
70

60

50

40

Fig. 3.3.5 Polyacrylamide gel (7%) electrophoresis of dextransucrase and its
confirmation by PAS staining method. (A) Denaturing SDS-PAGE: Lane:
(M) Protein molecular mass marker: 40-220 kDa; (1) 10% (v/v) PEG-
1500 fraction stained with CBB R250; (B) Native PAGE: (2) 10% (v/v)
PEG-1500 fraction stained with CBB R250; (C) Non-denaturing SDS-
PAGE: 10% (v/v) PEG-1500 fraction stained with PAS staining using (3)
Sucrose as substrate; (4) Raffinose as substrate.
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Fig. 3.3.6 Hedrick’s plot of Logio molecular mass and relative mobility of proteins,

showing two forms 188 kDa and 224 kDa of PEG-1500 purified PEG-
1500 dextransucrase.

3.3.2.3 Purification of dextransucrase by gel filtration

The dextransucrase partially purified with 10% PEG-1500 having specific
activity of 20.0 U/mg in a single step was further purified using gel filtration. The
purification profile of dextransucrase showing relation between fraction number and
their corresponding specific activity and protein (absorbance, A2go) is shown in Fig.
3.3.7. The profile showed a single peak of specific activity and protein (absorbance,
Azgo) from fraction number 10-15. The fractions with high specific activities (fraction
number 11-13) were pooled. The pooled enzyme showed specific activity of 46 U/mg
with 13% overall yield and 69 fold purification. The similar results, but with lesser
activity and fold purification, were observed with dextransucrase of Leuconostoc

mesenteroides NRRL B-640. The dextransucrase from Leuconostoc mesenteroides
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NRRL B-640 partially purified with 10% PEG-1500 gave 23.0 U/mg specific activity

with 40 fold purification while further purification by gel filtration showed a specific

activity of 35.0 U/mg with 61 fold purification (Purama and Goyal, 2008).
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Fig. 3.3.7 Purification of dextransucrase from Pediococcus pentosaceus CRAG3 by
gel filtration using Sephacryl S300HR column.

3.3.2.4 Electrophoretic analysis of dextransucrase purified by gel filtration

The pooled dextransucrase (46 U/mg) from Pediococcus pentosaceus CRAG3
(as described in Section 3.3.2.3) was run on denaturing SDS-PAGE using 7% gel.
After gel filtration a prominent band of 224 kDa and a light band of 188 kDa (Fig.
3.3.8, Lane 1) was observed which might be due to the denaturation of dextransucrase
as also reported earlier (Purama and Goyal., 2009). The presence of single 224 kDa
magenta color band after PAS staining, on gel incubating with 5% sucrose in non-

denaturing SDS-PAGE, confirmed the presence of dextransucrase (Fig. 3.3.8, Lane

TH-1219_08610605



Chapter 3 144

2). However, the absence of band on the gel incubated with 2% raffinose ruled out the
presence of fructansucrase (Fig. 3.3.8, Lane 3). Dextransucrase from Leuconostoc
dextranicum NRRL B-1146 and Leuconostoc mesenteroides NRRL B-640 showed
similar molecular size of approximately, 205 kDa (Majumder et al., 2008) and 180

kDa (Purama and Goyal, 2008), respectively.
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Fig. 3.3.8 SDS-polyacrylamide gel (7%) electrophoresis of dextransucrase purified
by gel filtration. Lane: (M)-Protein molecular weight marker: 10-220
kDa; Sephacryl S-300HR pooled fraction: (1) Stained with CBB R250,
(2) Stained with PAS staining using sucrose as substrate and (3) Stained
with PAS staining using raffinose as substrate.

3.3.3 Optimization of assay conditions for dextransucrase activity

The effects of pH, ionic strength of buffer and temperature on dextransucrase
activity are shown in Fig. 3.3.9. The results showed that 20 mM sodium acetate
buffer, pH 5.4 and 30°C gave maximum enzyme activity (~20.0 U/mg) (Fig. 3.3.9).
The effect of sucrose concentration on dextransucrase activity is shown in Fig. 3.3.10.

The rate of reaction increased with increase in the concentration of sucrose up to 146
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mM (5%, w/v) but decreased thereafter, which might be due to substrate inhibition.
This showed that dextransucrase from Pediococcus pentosaceus CRAG3 did not
follow classical Michaelis-Menten kinetics (Fig. 3.3.10A). Similar pattern was
observed with dextransucrase from Leuconostoc mesenteroides NRRL B-512F (Goyal
et al., 1995). However, dextransucrase from Leuconostoc dextranicum NRRL B-1146
exhibited Michaelis-Menten kinetics (Majumder et al., 2008). The kinetic parameters
using sucrose were determined as Ky, = 15.4 £1.4 mM and Vimax 20.9 £1.2 U/mg (Fig.
3.3.10B). The turn over number (Kca) and the catalytic efficiency (Kca / Km) of

dextransucrase were 20.29 min! and 1.32 mM™! min’!, respectively.

TH-1219_08610605



Chapter 3

146

Specific activity (U/mg) Specific activity (U/mg)

Specific activity (U/mg)

N
o
o

N
o
o

-
o
o

-
o
o

/\

AN

20 40 60
Temperature (°C)

[
o
L

o
=}

w
&~
o o
D
~

)
o
=)

N
(g
o

-
o
o

-
o
o

o
o

o
o

o

25.0

C

N
o
o

k4 L

=
4]
o

-
o
o

o
o
M

o
o

10 20 30 40 50 60 70 80
lonic strength (mM)

o

Fig. 3.3.9 Effects of assay conditions on dextransucrase activity in a reaction
mixture (1 ml) containing sucrose (5%, w/v) and dextransucrase (20 pl,
20.0 U/mg, 0.3 mg/ml) with varying pH, temperature and ionic strength of
buffer. Effect of (A) pH in reaction mixture containing 20 mM sodium
acetate buffer of varying pH at 30°C. (B) Temperature in reaction mixture
containing 20 mM sodium acetate buffer (pH 5.4) and reaction was
carried out at various temperatures and (C) Varying ionic strength of
sodium acetate buffer in reaction mixture (pH 5.4) at 30°C.
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Fig. 3.3.10 (A) Effect of sucrose concentration on dextransucrase activity. (B)
Lineweaver-Burk plot for determination of kinetic parameters of
purified dextransucrase.
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3.3.4 Effects of salts on dextransucrase activity

The effects of different metal ions on dextransucrase activity were studied.
Forman and Kennedy (1977) reported that the salts affect water structure of enzymes
thereby affecting their solubility and activity. The effects of various metal ions on
activity of dextransucrase from Pediococcus pentosaceus showed that MgCl,, CaCly,
CoCly and ZnCl> enhanced the activity while NiSO4+ and MnSOs decreased the
enzyme activity as compared to control (Fig. 3.3.11, Fig. 3.3.12 and Fig. 3.3.13, Table
3.3.2). The Co** and Ca’* were most effective metal ions which displayed
enhancement of the dextransucrase activity. The activity was increased by 56% and
44% in presence of 4 mM CoCl, (Fig. 3.3.11A) and 2 mM CaCl, (Fig. 3.3.11B),
respectively (Table 3.3.2). The dextransucrase activity was enhanced by 14% in
presence of 2 mM MgCl, (Fig. 3.3.12A, Table 3.3.2). It has been reported that Mg?*
and Ca’* salts enhance the catalytic activity of enzyme by stabilizing the three-
dimensional protein structure (Goyal et al., 1995). Miller and Robyt, (1986) reported
that the Ca®* has been associated with catalytic sites of dextransucrase. The similar
results of increasing dextransucrase activity in presence of Ca** ion were reported in
Leuconostoc mesenteroides NRRL B-640 (4 mM, 108% enhancement) (Purama et al.
2010) and Pediococcus pentosaceus (6 mM, 150% enhancement) (Patel et al., 2011).
The ZnCl> at its final concentration of 1 mM resulted in 11% enhanced
dextransucrase activity (Fig. 3.3.12B, Table 3.3.2). On further increasing the
concentration above 1 mM the enzyme activity decreased gradually. The salts such as
MnSO4 and NiSO4 negatively affected the dextransucrase activity. On addition of 2
mM MnSO4 and 1 mM NiSO4 the enzyme activity decreased by 18% and 12%,

respectively (Fig. 3.3.13A and 3.3.13B, Table 3.3.2). On further increasing the
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concentration of MnSO4 and NiSO4 to 8 mM the enzyme activity lost by 89% and

90%, respectively.
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Fig. 3.3.11 Effects of Co** ions (A) and Ca®* ions (B) on activity of purified
dextransucrase from Pediococcus pentosaceus CRAG3.
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Table 3.3.2 Effects of various metal ions on dextransucrase from Pediococcus
pentosaceus CRAG3.

Dextransucrase + Metal ions

Relative enzyme activity (%)

Control

CoClz (4 mM)
CaClz (2 mM)
MgClz (2 mM)
ZnCl, (1 mM)
MnSOs (8 mM)
NiSQO4 (8 mM)

100
156
144
114
112
11

10

140

Residual activity (%)
5 3 3 8 B

N
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Fig. 3.3.12 Effects of Mg** ions (A) and Zn>* ions (B) on activity of purified
dextransucrase from Pediococcus pentosaceus CRAG3.
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Fig. 3.3.13 Effects of Mn?* ions (A) Ni** ions (B) on activity of purified
dextransucrase from Pediococcus pentosaceus CRAG3.
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3.3.5 Thermostability studies of dextransucrase from Pediococcus pentosaceus
CRAG3

The thermostability studies of dextransucrase from Pediococcus pentosaceus
CRAG3 at different temperatures displayed its mesophilic nature. The enzyme was
stable up to 40°C when incubated for 1 h (Fig. 3.3.14). Above 40°C the enzyme
activity was rapidly lost. The optimum temperature for assay was also 30°C. It proved
to be better thermostable enzyme than dextransucrase from other lactic acid bacterium
such as Leuconostoc mesenteroides NRRL B-640 which lost its activity above 30°C

on incubating for 10 min (Purama et al., 2010).
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Fig. 3.3.14 Effect of temperature on stability of dextransucrase from Pediococcus
pentosaceus CRAG3. The enzyme was incubated at different temperatures
for 1 h and assayed at 30°C to determine its thermostability.
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3.3.6 Effects of pH on stability of dextransucrase

The effect of different pH on stability of dextransucrase from Pediococcus
pentosaceus CRAG3 is shown in Fig. 3.3.15. The dextransucrase was more stable at
higher pH (5.4 — 7.0) when incubated at 30°C. The residual activity of dextransucrase
at pH 5.4 was 82% after 3 h (Fig. 3.3.15). The activity greatly reduced to 12% and
21% at pH 3.5 and 4.0, respectively (Fig. 3.3.15). Similar results were observed in
fusion enzyme of endodextranase and dextransucrase by Kim et al. (2008). The
dextransucrase from Leuconostoc mesenteroides was stable between pH 5.0-6.5
(Kaboli and Reilly) and that from Leuconostoc mesenteroides B-742 was stable at 6.5

(Rabelo et al., 2011).
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Fig. 3.3.15 Effect of pH on stability of dextransucrase. The enzyme (20 U/mg, 0.30
mg/ml) in 20 mM sodium acetate buffer (pH 5.4) was pre-incubated in
same buffer of varying pH. The aliquots were assayed for dextransucrase
activity at 30°C at different time intervals.
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3.3.7 Effects of storage temperatures on dextransucrase activity

The residual activity of dextransucrase from Pediococcus pentosaceus
CRAG3 at various storage temperatures was also studied. The enzyme activity profile
at -20°C, 4°C and 30°C is shown in Fig. 3.3.16. The dextransucrase lost only 5% and
11% activity on incubating at -20°C and 4°C, respectively after 21 days which showed
that -20°C 1is suitable temperature for storing dextransucrase (Fig. 3.3.16). The
residual activity of dextransucrase at 30°C was 35% after 24 h (Fig. 3.3.16). The
similar results were observed in previously reported Pediococcus pentosaceus and its
mutant where the residual activity was 26% and 41%, respectively (Kothari et al.,
2011). The half-life (#;2) of dextransucrase alone and with additives was calculated
assuming that its decay followed first order kinetics (Table 3.3.3). On storing the
dextransucrase at -20°C and 4°C the t;» increased to 306.9 days and 128.6 days,

respectively (Table 3.3.3). Thus, -20°C was selected for storage of dextransucrase.
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Fig. 3.3.16 Effect of temperature on storage stability of dextransucrase. The enzyme
(20 U/mg, 0.30 mg/ml) in 20 mM sodium acetate buffer (pH 5.4) was
incubated at 30°C, 4°C and -20°C. Aliquots were assayed for residual
dextransucrase activity at 30°C at 1 day intervals.
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Table 3.3.3 Effect of additives on dextransucrase from Pediococcus pentosaceus

CRAG3
Dextransucrase with additive Half-life (t1/2)
30°C 4°C -20°C

Dextransucrase 06.90 h 128.6 d 306.9d
Dextransucrase + Tween 80 (0.1%) 85.48 h Nd Nd
Dextransucrase + Glycerol (0.5%) 15.53 h Nd Nd
Dextransucrase + Dextran (2 pg/ml) 06.32 h Nd Nd
Dextransucrase + Glutaraldehyde (0.1%) 05.08 h Nd Nd
Dextransucrase + PEG-8000 (10 pg/ml) 08.83 h Nd Nd

Nd- not determined

3.3.8 Effects of additives on dextransucrase activity

The effect of various additives on dextransucrase activity is shown in Fig.
3.3.17. The residual activity of dextransucrase at 30°C in presence of Tween 80 after
12 h was 90% as compared to control (46%), which showed that it was most effective
stabiliser for dextransucrase (Fig. 3.3.17). In presence of glycerol the residual activity
was 83% after 9 h of incubation at 30°C. PEG-8000 moderately stabilized the enzyme
since the residual activity of dextransucrase in its presence after 12 h was 39% (Fig.
3.3.17). However, the other additives did not stabilize the enzyme. The residual
activity of dextransucrase in presence of dextran (500 kDa) and gluteraldehyde after
12 h was only 27%, and 19%, respectively (Fig. 3.3.17). The residual activity of
Pediococcus pentosaceus and its mutant in presence of Tween 80, PEG-8000, dextran
(100 kDa), glycerol and without any stabilizer at 30°C was 66, 24, 26, 19 and 26%
and 68, 28, 45, 38 and 41%, respectively (Kothari et al., 2011). Similar results were
observed with dextransucrase of Leuconostoc mesenteroides NRRL B-640 where

residual activity at 30°C was 92%, 44%, 38%, 36%, 32% and 6% with Tween 80,
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glycerol, PEG-8000, dextran (500 kDa), control and glutaraldehyde, respectively at

20h (Purama et al., 2010).
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Fig. 3.3.17 Effect of various additives on stability of dextransucrase. The enzyme (20
U/mg, 0.30 mg/ml) in 20 mM sodium acetate buffer (pH 5.4) was pre-
incubated with additive at 30°C.

Amongst various additives used Tween 80 was proved to be better stabiliser

giving stabilization of dextransucrase with 7,2 of 85.48 h at 30°C as compared to

control having t;2 of 6.9 h (Table 3.3.3). The presence of glycerol and PEG-8000

along with dextransucrase resulted in enhanced half-life to 15.53 h and 8.83 h as

compared to control (6.9 h). However, as dextran and gluteraldehyde negatively

affected the stability of dextransucrase with t;2 of 6.32 h and 5.08 h, respectively.
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3.3.9 Application of dextransucrase on the solidification of sucrose-supplemented
milk

Varying degrees of solidification was achieved on addition of sucrose at
concentrations 2% and 5% (w/v) as displayed in Fig. 3.3.18. The solidification of
sucrose supplemented milk due to addition of dextransucrase was accredited to the
formation of dextran. The application of dextransucrase from Weissella sp. TN610 in
solidification of milk was observed by Bejar et al. (2013). The similar results have
also been observed in dextran from W. hellenica SKKimchi3 (Kim ez al., 2008) where
the bacterial strain (and not the dextransucrase enzyme as in our case) was cultivated
in skim milk supplemented with 10% (w/v) sucrose to produce in vivo dextran. This
property served application of dextransucrase from Pediococcus pentosaceus CRAG3
as a food additive to improve the texture of sucrose-supplemented milk based
products. The modification in texture of milk was due to the interaction between
synthesised polymer and proteins present in milk. This property depends on various
parameters such as physical characteristics of dextran (the nature of glucosidic
linkages, charge, branching linkages, and molecular mass), proteins present in the
milk and on dextran/milk protein ratio (Ayala-hernandez et al., 2008). These
properties showed the importance of dextransucrase in food industry to enhance the
rheological properties of dairy and bakery products (Katina et al., 2009; Behare et al.,

2010).
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Fig. 3.3.18 Application of the dextransucrase from P. pentosaceus CRAG3 for the
solidification of sucrose-supplemented milk. Effect of dextransucrase (5
U/ml) on the solidification of semi-skimmed milk supplemented with
(A) 0% (Control milk without sucrose and enzyme), (B) 2% and (C) 5%
sucrose after incubation at 30°C for 18 h.
3.4 Conclusions
The culture supernatant of Pediococcus pentosaceus CRAG3 showed
maximum dextransucrase activity (4.35 U/ml) and total carbohydrate content (4.5
mg/ml) at optimum temperature and shaking condition of 25°C and 180 rpm,
respectively. The crude dextransucrase (0.67 U/mg) was purified by PEG
fractionation and gel filtration. The dextransucrase after fractionation with PEG-1500
(10%, wiv) gave 20.0 U/mg specific activity with 30 fold purification. The enzyme
purified with PEG-1500 gave two bands of 224 and 188 kDa on SDS-PAGE under
denaturing condition. However, the same enzyme sample gave single band of 224
kDa when run on native-PAGE and also on non-dentauring SDS-PAGE after PAS

staining with sucrose, which confirmed a single molecular and pure form of

dextransucrase. No band on gel incubated with raffinose was obtained that ruled out
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the presence of fructansucrase. The dextransucrase purified by PEG-1500 (10%, w/v)
was further purified by gel-filtration using Sephacryl S-300HR column which gave
the specific activity of 46.0 U/mg with 69 fold purification. The enzyme purified by
gel filtration also showed 224 kDa band of dextransucrase on denaturing SDS-PAGE.
The presence of single magenta color band after PAS staining confirmed the presence
of dextransucrase. The dextransucrase partially purified with 10% PEG-1500 was
further biochemically characterized. The assay conditions for dextransucrase activity
such as pH, temperature, sucrose concentration and ionic strength of buffer, were
optimized. The enzyme showed maximum activity (20.0 U/mg) in 5% sucrose in 20
mM sodium acetate buffer (pH 5.4) at 30°C. The effect of sucrose concentration on
dextransucrase activity showed that the specific activity increased with increasing
sucrose concentration to 5% but decreased thereafter, which suggested that it did not
completely follow classical Michaelis Menton kinetics. The purified dextransucrase
showed Ky, of 15.42 mM and Vax of 20.9 U/mg. The Kca and the catalytic efficiency
(Kcat / Km) of dextransucrase were 20.29 min™! and 1.32 mM™! min™!, respectively.
The effects of various metal ions on dextransucrase activity showed that Co**
(4 mM), Ca>* (2 mM), Mg?* (2 mM) and Zn>* (1 mM) enhanced the activity by 56%,
449, 14% and 12%, respectively. This displayed the importance of these metal ions
for the catalytic efficiency of dextransucrase from Pediococcus pentosaceus CRAG3.
However, the dextransucrase activity was decreased by 89% and 90% in presence of
Mn?* (8 mM) and Ni** (8§ mM) respectively. The dextransucrase was stable up to 40°C
when incubated for 1 h which showed its superior property over other previously
reported dextransucrases which were stable up to 30°C. The storage stability of

dextransucrase was also studied at different temperatures and pH. The dextransucrase
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was most stable at -20°C with half-life of 307 days, hence -20°C was chosen to store
dextransucrase. It was found to be stable at pH range of 5.4-7.0 where the residual
activity of dextransucrase at pH 5.4 was 82% after 3 h. The additives such as Tween80
and glycerol enhanced the stability of dextransucrase at 30°C with half-life (t;») of
85.5 h and 15.53 h, respectively as compared to control (6.9 h). The effect of purified
dextransucrase on sucrose supplemented milk showed the solidification of milk due to
formation of dextran, signifying its importance in improving the texture of dairy and
bakery products. The purified dextransucrase from Pediococcus pentosaceus CRAG3
with higher activity and stability can serve as a potential candidate for industrial

applications.
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Production, purification and characterization of dextran from
Pediococcus pentosaceus CRAG3

4.1 Introduction

Polysaccharides, one of the most important bio-macromolecules, exist
extensively in all living organisms performing various biological roles (Perez et al.,
1996). The exopolysaccharides (EPSs) produced by lactic acid bacteria (LAB) have
proven useful for several industrial applications such as safe food additive for
improving the textural properties of sucrose-supplemented dairy products (Bejar et
al., 2013) and as ingredients in food industry (Anwar et al., 2010). a-Glucans are the
EPSs produced by lactic acid bacteria that have immense applications as viscosifier
and water-binding agents in food and non-food industries (Badel et al., 2011). The
research has been driven on the production of EPSs from lactic acid bacteria with
particular structure and size, which instruct preferred functional properties (De Vuyst

and Degeest, 1999; Welman and Maddox, 2003). Depending upon the localization,
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EPS are of two types; one type is the polysaccharides which are not or loosely
attached to the cells due to which they form slimy or ropy colonies and the other type
is capsular polysaccharides that are resolutely adhered to the cells (Hassan, 2008).
However, depending upon the composition, polysaccharides are of two types;
homopolysaccharides and heteropolysaccharides. The former is composed of similar
monosaccharides such as a-D-glucan or B-D-glucan (composed of glucose monomers),
fructan (composed of fructose monomers) while the latter comprise different
monosaccharides units and may contain acetamido sugars, phosphates, or acetyl
groups (De Vuyst and Degeest, 1999; Monsan et al., 2001). There are reports on the
production of both types of polysaccharides by LAB (De Vuyst and Degeest, 1999;
Monsan et al., 2001). Dextrans, the homopolysaccharides with glucose units, are
chiefly produced by Leuconostoc sp (Jeanes et al., 1954; Slodki et al., 1986).
However, other LAB like Streptococcus, Lactobacillus (Sidebotham, 1974), Weissella
species (Collins et al., 1993) and Pediococcus sp. (Patel et al., 2010) also produce
dextran. The dextran production by Pediococcus genus have not been much studied
(Smitinont et al., 1999; Patel et al., 2010).

Now-a-days the interest in studying and modifying polysaccharides has arisen
owing to their medicinal and bioactive properties. Bao et al. (2001) isolated (1—3)-0-
D-glucan from cell wall of Ganoderma lucidum to investigate its physicochemical
properties and immunological activity. The (1—3)-B-D-glucan from Chaetoceros
mulleri showed immunomodulatory properties like adjuvant, antimicrobial, antitumor
and radiation protective activities (Storseth et al., 2004). The polysaccharides
especially B-glucans (Chen et al., 2010) and a-glucans (Wiater et al., 2010) serve as

potential immuno-stimulator, immuno-modulator and anti-cancer agents. As
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compared to B-glucans there are very few reports on anticancer properties or immuno-
stimulatory property of o-glucans. There are reports available on anticancer a-glucans
but only after their chemical modification such as sulfation (Wiater et al., 2010) and
carboxymethylation (Bao er al., 2001). It has been reported that the polysaccharides
from Strongylocentrotus nudus eggs with a-(1—6) and a-(1—6) linkages act as
promising anti-cancer agents (Liu et al., 2007).

In the present study purification and characterization of dextran produced from
Pediococcus pentosaceus CRAG3 a new isolate from fermented cucumber is
described. The dextran structure was analysed and its effect on mammalian cancer

lines was studied.
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4.2 Materials and Methods
4.2.1 Microorganism, cell lines, chemicals and reagents

The bacterial strain Pediococcus pentosaceus CRAG3 (Genbank Accession
Number JX679020) was isolated from fermented cucumber as described in Chapter 2,
Section 2.2.2. It was propagated in modified MRS agar medium (Goyal and Katiyar,
1996) as a stab at 30°C, stored at 4°C and subcultured every 15 days. The modified
MRS agar medium was prepared as described in Chapter 2, Section 2.2.3.

The chemicals required for molecular weight determination by copper (Cu)
bicinchoninate method such as disodium 2,2’-bicinchoninate, sodium bicarbonate and
L-serine were purchased from Sigma, St. Louis, MO, USA and cupric sulphate
pentahydrate and sodium carbonate were purchased from Himedia India Pvt. Ltd.,
India. The mammalian cell lines for in vitro cytotoxicity test of dextran such as
cervical cancer (HelLa) cell line, colon cancer (HT29) cell line and murine
macrophage (J774A.1) line were purchased from National Centre for Cell Science
(NCCS), Pune, India. The ingredients required for preparation of cell culture medium
such as Dulbecco’s Modified Eagle’s Medium (DMEM) containing 4.0 mM L-
glutamine and 110 mg/LL sodium pyruvate, fetal bovine serum (FBS) and sodium
bicarbonate were purchased from Sigma, St. Louis, MO, USA, while W/5000 units
Penicillin and Streptomycin (5 mg/ml in 0.9% normal saline) were purchased from
Himedia India Pvt. Ltd., India. 1X trypsin-EDTA solution (0.25% trypsin and 0.2%
EDTA) and cell culture grade phosphate buffered saline (PBS) (pH 7.4) were
purchased from Himedia India Pvt. Ltd., India. The chemicals required for 3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyl tetrazolium bromide (MTT) assay like MTT was

purchased from Sigma, St. Louis, MO, USA. Dimethyl sulfoxide (DMSO) and
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phosphate buffered saline (PBS) were purchased from Himedia India Pvt. Ltd., India.
The ingredients required for cryopreservative medium preparation like Fetal Bovine
Serum (FBS) were purchased from Sigma, St. Louis, MO, USA and DMSO (cell
culture grade) was purchased from Himedia India Pvt. Ltd., India. 0.4% Trypan blue
for counting of cells was purchased from Sigma, St. Louis, MO, USA. DMEM, MTT
and PBS were stored at 4°C while FBS, trypsin and penicillin-streptomycin solution

were stored at -20°C.

4.2.2 Enzymatic synthesis of dextran and its purification

The dextran from Pediococcus pentosaceus CRAG3 was produced
enzymatically by dextransucrase which was partially purified by 10% (v/v) PEG-1500
as described earlier in Section 3.2.5.1. The reaction mixture (50 ml) containing 10 ml
of partial purified dextransucrase (20.0 U/mg, 0.27 mg/ml), 5% (w/v) sucrose, 0.3
mM CaCl; and 15 mM sodium azide in 20 mM sodium acetate buffer (pH 5.4) was
incubated at 30°C and 180 rpm for 48 h. After incubation, the viscous solution
containing dextran was mixed with 65% (v/v) ethanol as final concentration and
centrifuged at 12,000g and 25°C for 30 min. The supernatant part was removed and
pellet containing dextran was again mixed with 65% ethanol and centrifuged at
12,000g and 25°C for 30 min. This was repeated two times and finally the pellet was
dissolved in water and lyophilized. The lyophilised powder of dextran was used for
structural characterization. The purity of dextran sample was also checked by
analysing its protein content using the method as described earlier in Chapter 3,

Section 3.2.2.3.
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4.2.3 Structural characterization of dextran
4.2.3.1 Determination of number average molecular weight of dextran
4.2.3.1.1 Preparation of reagents

Two stock solutions were prepared: Solution A consisted of 97.1 mg of
disodium 2,2’-bicinchoninate dissolved in 45 ml of water containing 3.2 g of sodium
carbonate monohydrate and 1.2 g of sodium bicarbonate. The final volume was
adjusted to 50 ml. Solution B consisted of 62 mg of copper sulfate pentahydrate and
63 mg of L-serine dissolved in 45 ml of water, and the final volume was adjusted to
50 ml. The working reagent was freshly prepared by mixing equal volumes of

Solutions A and B. Reducing sugar standard consisted of 1-20 pg/ml of maltose.

4.2.3.1.2 Standard plot for determination of reducing value

The stock solution (25.0 pug/ml) of maltose was prepared to make different
concentrations. The standard plot was prepared by varying concentrations (0-20
ug/ml) of maltose in deionised water. To 100 pl of maltose solution, 100 pl of
working reagent containing equal volumes of Solutions A and B was added and the
mixture was placed in water bath at 80°C for 35 min. The solution was cooled to 25°C
and the absorbance was measured at 560 nm against blank on a UV-visible
spectrophotometer (Varian, Cary 100 Bio). The absorbance (Aseo) against the maltose

concentration was plotted (Fig. 4.2.1).
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Fig. 4.2.1 Standard plot between varying concentrations of maltose against
absorbance (Asep) using copper (Cu) bicinchoninate method for
estimation of reducing value.

4.2.3.1.3 Method for number average molecular weight determination

The number average molecular weight of purified dextran from Pediococcus
pentosaceus CRAG3 was determined by copper (Cu) bicinchoninate method (Fox and
Robyt, 1991). The concentration of maltose in purified dextran was determined using
standard plot (as described earlier in Section 4.2.3.1.2.) and taken as reducing value to
determine number average degree of polymerisation. The procedure consisted of
adding 100 pl of reducing dextran sample (20 pg/ml) to 100 pu1 of working reagent
(as described earlier in Section 4.2.3.1.1) in the wells of a 96-sample microtiter plate.
The plate was covered with cling film and incubated in a water bath at 80°C for 35
min. The plate was then cooled to 25°C for 15 min and the absorbance measured at
560 nm. The number-average degree of polymerization (DPn) and average molecular
weight (MW) were determined by following equations as described by Fox and

Robyt, (1991):
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DPn=(Cc/Cm)Xx 1.9
Cc = Concentration of carbohydrate sample (mg/ml)
Cm = Concentration of maltose as determined by reducing value (mg/ml)

MW = [DPn x 162] + 18

4.2.3.2 Monosaccharide analysis of purified dextran

The monosaccharide analysis of dextran from Pediococcus pentosaceus
CRAG3 was carried out using High Performance Anion Exchange Chromatography
(HPAEC). 50 mg of lyophilised and purified dextran sample was hydrolysed by 1 ml
of 50 mM sulphuric acid in 2.0 ml microcentrifuge tube at 100°C on dry block heater
(Labtech, model LBH TO1) for 6 h. The hydrolysed dextran was neutralized by 1 ml
100 mM Na>CO3 and filtered through 0.2 um membrane. The sample was analysed by
HPAEC ICS-3000 system (Dionex Corporation, USA) using CarboPac PA-20
analytical column (3x150 mm) and CarboPac PA-20 guard column (3x30 mm). The
temperature of the column was adjusted to 30°C and the injection volume was 25 pl.
The eluent used was 250 mM NaOH at flow rate of 0.2 ml/min. Glucose (20 pug/ml)

and fructose (20 pg/ml) were used as standard monosaccharides.

4.2.3.3 Field Emission Scanning Electron Microscopic analysis of dextran

The Field Emission Scanning Electron Microscopic (FESEM) analysis of
dried dextran was done by fixing it to the FESEM stub with a double-sided carbon
tape. A dried sample of dextran was then coated with ~ 10 nm Au in a sputter coater

(Polaron, Model SC7620). The surface of the dry powder was viewed in Field
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Emission Scanning Electron Microscope (Carl Zeiss, Model Sigma) operated at 10.0

kV.

4.2.3.4 Optical rotation
The optical rotation of purified dextran was determined using a polarimeter
(Perkin-Elmer Instruments, Model 343 Polarimeter). 10 ml of 0.2% (w/v) dextran in

distilled water was prepared and analysed using sodium D-line (589 nm) at 25°C.

4.2.3.5 Fourier Transform Infrared Spectrometry

The sample for Fourier Transform Infrared (FTIR) Spectrometry was prepared
by taking 1-2% (w/w) dried powder of purified dextran in potassium bromide (KBr)
into a mortar. It was mixed and grind to a fine powder. The sample was very finely
ground to reduce scattering losses and absorption band distortions. Now, the KBr-
dextran powder was placed in between two stainless steel disks in KBr pellet holder.
The whole assembly was placed onto the pistil in the hydraulic press. The pressure of
hydraulic press was increased to around 20,000 prf (pulse repeatition frequency) with
the help of pumping movement of hydraulic pump handle. The assembly was left for
3 min and the pressure was then released. The disks were removed and homogenous
and transparent film of dextran sample was placed in IR sample holder. The FTIR
spectrum of purified sample was recorded by FTIR Spectrometer (Perkin-Elmer

Instruments, Model Spectrum One).
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4.2.3.6 Nuclear Magnetic Resonance Spectroscopy

The vacuum dried dextran sample was dissolved in D20 (99.6% atom ’H,
Sigma, St. Louis, MO, USA) and used for recording the spectrum. 15 mg and 30 mg
of purified dextran powder was dissolved in 0.4 ml of D,O for 'H-NMR and "*C-
NMR spectroscopic analysis, respectively. NMR spectroscopy was performed on a
spectrometer (Varian, Model AS400). 1D "H-NMR and '*C-NMR spectra of sample
were recorded at a base frequency of 100 MHz for analysing the linkage composition.

Tetramethyl silane (TMS) was used as an internal reference.

4.2.4 In vitro analysis of dextran effect on mammalian cancer cell lines
4.2.4.1 Preparation of medium for cell culture

The incomplete DMEM was prepared by adding 13.4 g dry powder of DMEM
containing 4.0 mM L-glutamine and 110 mg/L sodium pyruvate and 3.7 g sodium
bicarbonate in autoclaved double distilled water and volume was adjusted to 1L. The
pH of medium was adjusted to 7.0 using 1 N NaOH or 1 N HCI solution. The medium
was filtered using 0.2 um membrane and stored at 4°C. The complete DMEM was
prepared by adding incomplete DMEM supplemented with 10% (v/v) fetal bovine

serum, 50 pg/ml streptomycin and 50 IU/ml penicillin. It was stored at 4°C.

4.2.4.2 Maintenance of culture

All three mammalian cell lines (cervical cancer (HeLa), colon cancer (HT29)
cell line and murine macrophage (J774A.1) line) were adherent cell lines which were
grown on the surface of tissue culture flask (25 cm?). The tissue culture flasks

containing each of three cell lines in complete DMEM medium (as described in
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Section 4.2.4.1) were incubated at 37°C in 5% CO, atmosphere. The exponentially
growing cells of each cell line were observed in inverted microscope (Nikon, model
PS100-F) under phase contrast optics. At post confluence, the DMEM medium from
all flasks was carefully aspirated without disturbing the surface of cells and the cell
surface was washed with 5 ml sterile 150 mM PBS twice to remove dead cells. 1X
trypsin-EDTA solution was slowly applied to the surface of tissue culture flasks
containing adherent cells sufficient to cover the monolayer of cells and the flasks
were incubated at 37°C in 5% CO; atmosphere for 4-5 min. Each flask was gently
tapped and again observed in inverted microscope to check the running monolayer.
The trypsinized cells were resuspended in 5 ml complete DMEM medium (as
described in Section 4.2.4.1) (pre-warmed at 37°C) to inactivate trypsin and
centrifuged in 15 ml centrifuge tubes at 300g and 4°C for 5 min. The supernatant
containing medium and trypsin was removed and the cells were resuspended in fresh
complete DMEM medium. The cells were counted as described later in Section
4.2.4.4. The cultures were seeded in new tissue culture flasks (25 cm?) at a split ratio
of 1:3 for HeLa cell line (3 ml of cell suspension in 9 ml complete DMEM medium),
1:8 for HT29 cell line (1 ml of cell suspension in 8 ml complete DMEM medium) in
flask and 1:5 for J774A.1 cell line (2 ml of cell suspension in 10 ml complete DMEM
medium) and incubated at 37°C in 5% CO; atmosphere. The medium was regularly

changed when its colour started changing from red to yellow.

4.2.4.3 Preservation and storage of cells
The cells of each of three cell lines (HeLa, HT29 and J774A.1) were

trypsinized as described in Section 4.2.4.2. After trypsinization the cells were
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resuspended in complete DMEM medium at high cell density (> 2 x 10° cells) and
centrifuged at 300g and 4°C for 5 min. The supernatant was discarded and the cells
were resuspended separately in cryopreservative medium consisted of 10% (v/v)
DMSO and 40% DMEM complete medium in FBS and stored at -80°C up to 6

months.

4.2.4.4 Counting of cells using dye-exclusion haemocytometer procedure

The haemocytometer is a thick glass microscope slide with a rectangular notch
that creates a chamber and is used to count the cells in a definite volume of
suspension. The number of cells were counted using haemocytometer as described
below. 10 ul of cell suspension was mixed with 10 pl 0.4% (w/v) trypan blue dye. 10
ul from this mixture was dropped at the edge of coverslip placed on haemocytometer.
The slide was placed in inverted microscope under phase contrast optics and the cells
of each of three cell lines (HeLLa, HT29 and J774A.1) were counted in four squares of
haemocytometer. The total number of cells present per ml of suspension was

calculated as

Number of cells in

four squares o
Total number of viable cells/ml= X dilution x 10*

4

4.2.4.5 MTT cytotoxicity assay
The lyophilized powder of dextran from Pediococcus pentosaceus CRAG3
was used for in vitro MTT cytotoxicity assay. Different concentrations of dextran in

incomplete DMEM medium were prepared for cytotoxicity assay and filtered through
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0.22 um membrane. The effects of dextran on HelLa, HT29 and J774A.1 cells were
determined using the colorimetric MTT assay method as described earlier (Mosmann,
1983). The number of cells of each of HelLa, HT29 and J774A.1 cell lines were
counted as described in Section 4.2.4.4. Each of the three cell lines at cell density
approximately, 1.2 x 10* cells per well were seeded in a 100 ul DMEM complete
medium in three separate 96-well plates. The plates were covered by lid and incubated
at 37°C in 5% CO» atmosphere for 12-14 h to allow the cells to attach on surface of
cluture flasks. After incubation, the medium was removed from all plates and dextran
solutions in a concentration range from 1-1000 ng/ml for HeLa cell line, from 0.1-500
ug/ml for HT29 cell line and from 1-1000 pg/ml for J774A.1 cell line was added in
the wells. The medium without dextran was used as negative control. All the
experiments were performed in quadruples and the average value was taken. All the
plates were incubated at 37°C in 5% CO> atmosphere for 48 h. After 48 h whole
medium was removed and 100 ul MTT solution (500 pg/ml) was added to each well.
The plates were further incubated at 37°C in 5% CO; atmosphere for 4 h. The MTT
solution was removed, 100 ul DMSO was added to each well to solubilize formazan
crystals and absorbance was measured at 570 nm by a 96-well microplate reader
(Tecan, Model Infinite 200 Pro). The statistical analysis of data was performed by

Student’s t-test and a value of p < 0.05 was considered as significant.
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4.3 Results and Discussion

4.3.1 Production and purification of Pediococcus pentosaceus CRAG3 dextran
The dextran was purified by precipitating with 99% ethanol. The purified

dextran (35.0 mg/ml) from Pediococcus pentosaceus CRAG3 showed negligible

(<0.5%) protein content (8.5 pg/ml) which might be due to protein associated with it.

4.3.2 Structural characterization of purified dextran
4.3.2.1 Molecular weight determination of dextran

The number average degree of polymerization (DPn) of purified dextran as
determined by Cu bicinchoninate method was 1809. The number average molecular
weight of dextran from Pediococcus pentosaceus CRAG3 as calculated using DPn
was 2.93x10°. The molecular size of commercially used dextran from Leuconostoc
mesenteroides B-512FMC ranges from 21x10° to 1,650x10° Da (Falconer et al.,
2011). It has been reported that European Union approved high molecular weight
glucans (1x10°%-2x10%) as food ingredients in bakery products (Naessens et al., 2005).
Cross linkages of high molecular weight dextrans can be used in gel filtration material
like Sephadex products (Falconer ef al., 2011). Commercial dextrans are available in
different molecular sizes (5,000-5,00,000 Da) which have broader range of

applications in food and pharmaceutical industries (Falconer et al., 2011).

4.3.2.2 Monosaccharides analysis of purified dextran
The chromatogram of hydrolyzed sample of purified dextran from
Pediococcus pentosaceus CRAG3 is shown in Fig. 4.3.1. The chromatogram of

hydrolyzed dextran sample was compared with that of fructose and glucose standards
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(Fig. 4.3.1A and 4.3.1B, respectively). The hydrolyzed sample of dextran showed a
peak at retention time of 7.25 min (Fig. 4.3.1C) similar to the peak at 7.22 min for
glucose (Fig. 4.3.1B), whereas fructose showed the peak at 7.55 min (Fig. 4.3.1A).
These results displayed the presence of only glucose monomers in the hydrolysed

dextran sample.
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Fig. 4.3.1 HPAEC analysis of hydrolyzed dextran from Pediococcus pentosaceus
CRAGS3. Different sugar samples in 250 mmol/L sodium hydroxide (A)
Fructose standard (B) Glucose standard and (C) Hydrolyzed dextran

from Pediococcus pentosaceus CRAG3.
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4.3.2.3 FESEM analysis of Pediococcus pentosaceus CRAG3 dextran

The surface morphology of powdered dextran was analysed by field emission
scanning electron microscopy (FESEM). The FESEM image of dextran revealed its
porous structure (Fig. 4.3.2). It has been reported that the polysaccharides can also be
used in foods as thickening, gelling, stabilizing, emulsifying and water-binding agents
(Khan et al., 2007). The porous glucan particles from Saccharomyces cerevisiae are
known to be used in macrophage targeted delivery of nanoparticles (Soto et al., 2011).
Soto et al., 2010 also reported the application of glucan particle encapsulated
rifampicin in delivery of nanoparticles to macrophages. Due to its high molecular
weight and porosity, dextran from Pediococcus pentosaceus CRAG3 could be used
for pharmaceutical and industrial applications.

e, L e JJ'?.‘_“‘ - AT

Mag= 250KX WD= 14mm  Signal A=SE1

Fig. 4.3.2 Scanning electron microscopic image of purified dextran from
Pediococcus pentosaceus CRAG3 at 2.50 KX magnification.
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4.3.2.4 Optical Rotation and FTIR Spectrometry

The dextran from Pediococcus pentosaceus CRAG3 showed optical rotation
[op]? of +153° at C%? indicating the presence of D-configuration of glucosyl residues.
The result was in good agreement with earlier reports (Purama et al., 2009; Liu et al.,
2007). The FTIR spectrum of purified dextran from Pediococcus pentosaceus
CRAGS3 is shown in Fig. 4.3.3. The band in the 3421 cm™ region represented the
hydroxyl stretching vibration of polysaccharide while the presence of band in 2927
cm™! and 1639 cm™ region showed C-H stretching and the feature signal for the
presence of bound water, respectively (Table 4.3.1). These results were in agreement
with earlier reports (Park, 1971; Shingel, 2002; Chiu et al., 2004; Cao et al., 2006;
Liu et al., 2007). The presence of glycosidic bond was confirmed by the absorption
peak at 914 cm™'. The bands at 1152, 1104 and 1029 cm™ in FTIR spectrum of
Pediococcus pentosaceus CRAG3 dextran were the main characteristic bands due to
the valent vibrations of C-O and C-C bonds and deformational vibrations of the CCH,
COH and HCO bonds. The band at 1152 cm™ was assigned to valent vibrations of C-
O-C bond and glycosidic bridge. The peak at 1104 cm™! showed vibration of the C-O
bond at the C-4 position of glucose residue and the presence of peak at 1029 cm™! was
due to the flexibility in main chain present in dextran around the a-(1—6) glycosidic
bonds. These results were in accordance with the commercially available dextran T-
500 of Shingel (2002). The peak at 914 cm™' showed the characteristic peak of (1—3)-
a-D-glucan. This was supported by the work of Seymour et al. (1980) and Zhang et al.
(1999). Several other workers reported the use of FTIR spectral data for the
characterization of glucans from Angelica sinensis (Oliv) Diels and

Strongylocentrotus nudus eggs with a-(1—-6) and a-(1—4) linkages having anti-
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cancer properties (Cao et al., 2006; Liu et al., 2007). FTIR spectral analysis of
dextran from Pediococcus pentosaceus CRAG3 showed the presence of a-(1—6) and

a-(1—3) linkages which was further confirmed by NMR spectroscopic analysis.
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Fig. 4.3.3 FTIR spectrum of dextran from Pediococcus pentosaceus CRAG3.

Table 4.3.1 FTIR analysis of dextran from Pediococcus pentosaceus CRAG3.

Band (cm™) Functional group

3421 Represents hydroxyl stretching vibration
2927 C-H group stretching vibration

1639 Bound water

1152, 1104 C-O-C bond and glycosidic linkage

1029 C-O-C, a-pyranose of glucose

914 a-Glycosidic linkage and 1,3-a-D-dextran
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4.3.2.5 NMR Spectroscopy of purified dextran
4.3.2.5.1 'H-NMR Spectroscopy

The linkages and branching in purified dextran from Pediococcus pentosaceus
CRAGS3 were determined by 'H-NMR spectroscopic analysis. The '"H-NMR spectrum
of dextran from CRAG3 is presented in Fig. 4.3.4. It showed five spectral resonances
at 3.58, 3.75, 3.47, 3.92 and 4.01 ppm corresponded to C-2, C-3, C-4, C-5 and C-6,
respectively and two anomeric resonance peaks at 4.99 ppm and 5.33 ppm
corresponding to a-(1—6) and a-(1—3) linkages, respectively. These findings were in
agreement with previous reported data (Sidebotham, 1974; Maina et al., 2008). The
assignment of various resonances of "H-NMR of dextran from CRAG3 are shown in
Table 4.3.2. The 'H-NMR spectrum of dextran from CRAG3 showed intense
anomeric resonance peak at 4.99 ppm and a low intense branching point resonance
peak at 5.33 ppm. The integration of anomeric signals in 1D "H-NMR spectrum of
dextran showed 75% a-(1—6) linked glucose (0n-1~4.99) and 25% o-(1—3) linked
glucose (On-1 ~ 5.33). The absence of any peak at du-5 5.40 implied the absence of a-
(1—4) linkage. The 75% a-(1—6) linked linear chain with 25% branching in CRAG3
glucan confirmed it as dextran. The percentage of branching in exopolysaccharide
(EPS) from Weissella confusa E392 using integration of 'H-NMR spectrum showed
that it contained 97.3% of a-(1—6) linked linear chain with 2.7% of a-(1—3) linked
branches (Maina et al., 2008). The dextran from L. dextranicum NRRL B-1146
showed a-(1—6) linear and a-(1—4) branched linkages (Purama et al., 2009). The
dextran containing branches can be used for production of branched oligosaccharides

which have superior prebiotic properties over linear oligosaccharides such as
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resistance to glycolytic digestive enzymes and ability to get readily fermented by

intestinal microflora (Remaud-Simeon et al., 1994; Dols et al., 1998, Vasileva et al.,

2010).
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Fig. 4.3.4 '"H-NMR spectrum of dextran from Pediococcus pentosaceus CRAG3.

Table 4.3.2 'H- and ')C-NMR chemical shifts of dextran from Pediococcus

pentosaceus CRAG3.
Resonances (in ppm)
Linear linkages Branching
Atoms H1/CH H2/C2 H3/C3 H4/C4 H5/C5 H6/C6 a-(1-3)
linkage
H 4.99 3.58 3.75 3.47 3.92 4.01 5.33
3C 97.96 71.94 73.61 69.72 70.32 60.57 80.68
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4.3.2.5.2 3C-NMR Spectroscopy

The '>C-NMR spectrum of Pediococcus pentosaceus CRAG3 dextran is
shown in Fig. 4.3.5. It showed peaks at 73.61, 71.94, 70.32 and 69.72 ppm
representing the chemical shifts for C-2, C-3, C-4 and C-5, respectively (Fig. 4.3.5,
Table 4.3.2) similar to previously reported data (Gorin, 1981). The peak at 97.96 ppm
rather than at 90 ppm showed that branch terminating C-1 was linked and at 60.57
ppm peak suggested the linked nature of C-6 also (Fig. 4.3.5). These results were in
accordance with report of Seymour ef al. (1976). The spectrum also contained two
other prominent, though less-intense peaks at 99.51 ppm and 80.68 ppm. The peak at
80.68 ppm in the spectrum of Pediococcus pentosaceus CRAG3 dextran was
indicative of branching and was diagnostic of the presence of a-(1—3) linkages
(Table 4.3.1). Similar results were also reported by Uzochukwu et al. (2001). The
other peak at 99.51 ppm indicated that the branching in dextran occurred through 3,6-

di-O-substituted residues similar to those observed by Uzochukwu et al. (2001).
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Fig. 4.3.5 '3C-NMR spectrum of dextran from Pediococcus pentosaceus CRAG3.
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The degree of linearity or relative concentration of linkages in Pediococcus
pentosaceus CRAG3 dextran was determined by the concept of anomeric ratio which
is used to determine the value n (n= number of chain extending residue per branch
point residue) (Uzochukwu et al., 2001; Seymour et al., 1979a; Seymour et al.,
1979b). The value of n in CRAG3 dextran was 4.31 for a-(1—3) branching which
indicated that the branching of a-(1—3) linkage occurred once every five glucose

residues.

4.3.3 In vitro cytotoxicity assay of dextran from Pediococcus pentosaceus CRAG3
4.3.3.1 Cytotoxic effects of dextran on HeLa and HT29 cell lines

The dextran from Pediococcus pentosaceus CRAG3 showed anticancer
activity against both cervical cancer (HelLa) and colon cancer (HT29) cell lines. The
concentration dependent effects of dextran on cervical cancer (HelLa) and colon
cancer (HT29) cell lines are shown in Fig. 4.3.6A and 4.3.6B, respectively. The
decrease in viability of HeLa cells was observed with increasing concentration from
0.05 to 1.0 pg/ml (Fig. 4.3.6A). At the concentrations from 0.1 to 1.0 pug/ml the
dextran significantly inhibited HelLa cells proliferation (p<0.05). However, at
concentrations higher than 1 pg/ml, no clear relationship between dextran
concentration and its effect on the HeLa cell line could be observed. The viability of
HT?29 cells decreased when the dextran concentration increased from 0.1-500 pg/ml
(Fig. 4.3.6B). The significant decrease in viability of HT29 cells was observed at the
dextran concentration range from 5 to 500 ug/ml (p<0.05). At highest concentration
of dextran (1 pg/ml) the percent survival of HeLa cells was only 63.3+3.2% while the

percent survival of HT29 cells was only 34.24+0.54% at 500 pg/ml dextran
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concentration. These results showed that the dextran from Pediococcus pentosaceus
CRAGS3 displayed reduced viability of both HeLLa and HT29 cell lines which might be
due to the ability of dextran to modify membrane surface proteins in tumour cells
which may lead to adhesion disturbances. Thus, it was concluded that the branched
dextran from Pediococcus pentosaceus CRAG3 reduced the cell viability of HelLa and
HT29 cell lines. Zhang and Cheung (2002) also observed similar results with
sulphated o-glucans. As compared to B-glucans the biological activity of a-glucans
are reported, especially after their chemical or structural modification
(carboxymethylation, sulfation, aminopropylation, or hydroxyethylation). a-Glucan
from a lichen Ramalina celastri showed cytotoxic effect against HeLa cells (Carneiro
et al., 1997). o-Glucan from edible mushroom Pleurotus ostreatus showed promising
anti-tumorigenic properties against HT29 colon cancer cell growth (Lavia et al.,
2006). The anticancer effect of biomacromolecules could be due to the stimulation of

cell-mediated immune response (Li et al., 2008).
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Fig. 4.3.6 Effect of dextran from Pediococcus pentosaceus CRAG3 on (A)
Cervical cancer (HeLa) cell line and (B) Colon cancer (HT29) cell line
(*p< 0.05)
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4.3.3.2 Cytotoxic effects of dextran on murine macrophages line

The effect of dextran (1-1000 pg/ml) on murine macrophage line showed
increased growth of macrophages (Fig. 4.3.7). Dextran from Pediococcus pentosaceus
CRAG3 at 5.0 pug/ml concentration showed significant 20% increase (p<0.05) in
growth of macrophages. However, increase in dextran concentration beyond 5.0
ug/ml did not increase further the growth of macrophages, rather it remained constant
but higher than the control even up to 1000 ug/ml. The enhanced growth of murine
macrophage line due to CRAG3 dextran might be beneficial in mediating immunity in
vertebrates since the macrophages along with neutrophils and Natural Killer (NK)
cells form first line of host defense and mediate innate immunity. The activated
macrophages over-produce inducible nitric oxide synthase having NADPH diphorase
activity which reduces nitroblue tetrazolium (NBT) salts to formazan blue resulting in
overestimation of MTT assay (Pozzolini et al., 2003). Although B-glucans are the
potent stimulator of innate immunity, the immunostimulating effects of a-glucans are
unexplored. The [-glucans activate macrophages by interacting with cognate
receptors on namely complement receptor 3 (CD11b/CD18 or CR3), Dectin-1 and
Toll-like receptors (TLRs) 2 and 6 releasing cytokines, chemokines and reactive
oxygen intermediates (Gantner et al., 2003). The biomacromolecules such as B-
glucans are also involved in triggering of granulocytes, monocytes, macrophages and
NK-cells to secrete IFN-g, 1L-6, IL-8 and IL-12 from macrophages, neutrophils and
NK-cells (Ladanyi et al., 1993). Many of those natural biomacromolecules also
showed antibacterial and antitumor activities (Wang et al., 1996; Leung et al., 1997)

which might be due to activation of macrophages.
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Fig. 4.3.7 Effect of dextran from Pediococcus pentosaceus CRAG3 on murine
macrophages (J774A.1) line. (p<0.05)
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4.4 Conclusions

The dextran produced by dextransucrase from Pediococcus pentosaceus
CRAG3 (GenBank ID: JX679020) was purified and its structure and properties were
characterised. The purified dextran displayed number average molecular weight,
2.93x10°. The high molecular weight dextran can be used as food ingredient in bakery
products or in gel filtration material like Sephadex products. The SEM analysis of
dextran revealed porous structure, which accounts for its importance as a carrier for
drug delivery. The monosaccharide analysis of dextran confirmed the presence of
only glucose subunits. The FTIR spectrum showed the presence of a-(1—6) and a-
(1—3) linkages which were further confirmed by NMR spectroscopy. The 'H-NMR
spectrum confirmed the presence of a-(1—6) linear chain and a-(1—3) branching.
The dextran possesses 75% a-(1—6) linear linkage and 25% a-(1—3) branched
linkages. The '3C-NMR spectrum of dextran also confirmed the presence of a-(1—6)
and a-(1—3) linkages. The dextran with branching can be used for production of
branched oligosaccharides which have superior prebiotic properties over linear
oligosaccharides. The in vitro cytotoxicity effect of Pediococcus pentosaceus CRAG3
dextran on HelLa and HT29 cell lines showed its anti-cancer activity against both cell
lines. Dextran at 1 pg/ml for HeLa cells and 500 pug/ml for HT29 cells, displayed per
cent survival of 63.3+3.2% and 34.24+0.54%, respectively. The polysaccharides with
anti-cancer activity have been shown to activate macrophages. The effect of dextran
on murine macrophages (J774A.1) line showed increase in macrophage growth by

20%. It was concluded that the anti-cancer activity of dextran from Pediococcus
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pentosaceus CRAG3 might be due to macrophage activation. This branched dextran

from Pediococcus pentosaceus CRAG3 may potentially be used for clinical purposes.
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Enhanced production of dextransucrase and dextran from
Pediococcus pentosaceus CRAGS in bioreactor
using Taguchi methodology

5.1 Introduction

Dextransucrases are large size extracellular enzymes which use sucrose as
substrate to form dextran, a polymer of glucose (Purama and Goyal, 2005). Dextrans
are the exopolysaccharides (EPS) excreted by lactic acid bacteria (LAB) into their
surroundings. The dextransucrases and dextrans are primarily produced by four
genera of lactic acid bacteria (LAB); Streptococcus, Leuconostoc, Weissella and
Lactobacillus (van Geel-Schutten et al., 1998; Monchois et al., 1999; Kralj et al.,
2002; Tieking et al., 2003; Kralj et al., 2004; Kralj et al., 2005; Purama and Goyal,
2005). Exopolysaccharides play an important role like as adhesives (Costerton et al.,
1987); in cellular recognition processes as slime forming agents for protection against
dehydration, phagocytosis or toxins (Ceri ef al., 1986) and as thickeners, stabilizers,

and gelling agents in food and dairy industry (Sandford and Baird, 1983). They have
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also potential applications in pharmaceutical, food, agriculture and fine chemical
industries (Sutherland, 1998). Korakli and Vogel (2006) studied their role as potential
therapeutic agents and also as viscosifying, stabilizing, emulsifying, sweetening,
gelling, or water-binding agents, in the food as well as in the non-food industries. It
had been reported that polysaccharides with a-(1—3) and a-(1—4) linked branches
have anti-cancerous properties (Cao et al., 2006; Liu et al., 2007). The dextran with a-
(1—6) and o-(1—4) linkages has also been reported from L. dextranicum isolated
from palm wine (Uzochukwu et al., 2002) and from Lactobacillus reuteri (Kralj et al.,
2005).

The dextransucrase production is affected by numerous factors like
temperature, aeration, medium components (Tsuchiya et al., 1952; Lazic et al., 1993;
Goyal et al., 1995; Rodrigues et al., 2003; Cortezi et al., 2005). Hence, there is a need
of developing proper fermentation medium to improve its efficient utilization in
fermentation technology. The initial step in the process of medium optimization is the
screening of significant factors affecting the production. However, alteration of one
factor at a time, for conventional optimization of product formation, is a time and
labor consuming process and also it does not effectively provide the combinatorial
effect of studied factors (Beg et al., 2003). Hence, to overcome such situation,
statistical approaches have been developed using a combination of mathematical and
analytical tools (Box and Hunter, 1975). In this respect, recently developed
orthogonal array (OA) optimization methodology provides offline quality control of
system, parameter, and tolerance designs that help in the identification of key factors

and their levels for best performance (Rao et al., 2004). For this, simultaneous study
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of various control factors and their optimization by statistical experimental designs
had been done (Stone and Veevers, 1994; Abdel-Fattah et al., 2005).

Taguchi experimental design is reported to be better over other statistical
methods as it allows simultaneous examination of many factors and also allows the
extraction of more quantitative information by employing only a few experiments
(Cobb and Clarkson, 1994; Houng et al., 2006). Taguchi method examines the effects
of many variables and identifies only those which have major effect on the process
and it involves large number of experimental situation known as orthogonal arrays
(OA) and reduces experimental errors and enhances the efficiency and reproducibility
of the experiments (Prasad er al., 2005). Taguchi's method has been applied
successfully on production of monoesters from lipase (Han ef al., 1998), optimization
of ELISA procedures (Jeney et al., 1999) and production of griseofulvin from P.
griseofulvin (Dasu et al., 2003).

The present study deals with optimization strategy for enhancement of
production of dextransucrase and dextran from Pediococcus pentosaceus CRAG3
using statistical method. One Variable at a Time (OVAT) approach and Taguchi
orthogonal array design was used to analyze the effect of various medium components
on their production. The validation of data was done at flask and bioreactor level. The
optimized medium gave a significant enhancement in both dextransucrase activity and

dextran concentration by Pediococcus pentosaceus CRAG3.
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5.2 Materials and Methods
5.2.1 Culturing and maintenance of microorganism

The bacterial strain Pediococcus pentosaceus CRAG3 (Genbank accession
number JX679020) was isolated from fermented cucumber as described in Chapter 2,
Section 2.2.2. It was propagated in modified MRS agar medium (Goyal and Katiyar,
1996) as a stab incubated at 30°C, stored at 4°C and subcultured every 15 days. The

modified MRS agar medium was prepared as described in Chapter 2, Section 2.2.3.

5.2.2 Production of dextransucrase and dextran

The enzyme production medium (Tsuchiya et al., 1952) as described earlier in
Chapter 2 Section 2.2.4 was used for production of dextransucrase and dextran. One
loopful culture from stab was inoculated in 5 ml enzyme production medium and
incubated at 25°C and 180 rpm for 12 h. 1% (v/v) from this broth was transferred to
100 ml sterile enzyme production medium in 250 ml Erlenmeyer flask and incubated
at 25°C and 180 rpm for 6 h. The cells were removed by centrifuging at 8,000g and
4°C for 10 min and culture supernatant was analyzed for dextransucrase activity and
dextran concentration as described in Chapter 2, Section 2.2.5.1.3 and 2.2.6,

respectively.

5.2.3 Enzyme assay
The enzyme assay was carried out in 1 ml reaction mixture containing 5%
(w/v) sucrose in 20 mM sodium acetate buffer (pH 5.4) and 20 pl cell-free

supernatant. The enzyme activity was determined by the estimation of released
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reducing sugar as described in Chapter 2, Section 2.2.5.1.3 (Nelson, 1944; Somogyi;

1945)

5.2.4 Analysis of dextran concentration of the isolate

The dextran concentration of cell free supernatant from Pediococcus
pentosaceus CRAG3 was determined by phenol-sulphuric acid method described by
Fox and Robyt (1991) in microtiter plate (Dubois ef al., 1956) as described in Chapter

2, Section 2.2.6.

5.2.5 Sucrose estimation
5.2.5.1 Preparation of DNS reagent for reducing sugar estimation
3,5-Dinitrosalycylic acid (DNS) reagent was prepared as per the method as
described by Sumner and Sisler, 1944. Potassium sodium tartrate (Rochelle salt, 183
g) was dissolved in 500 ml of hot water and mixed with 262 ml of 2 N NaOH. DNS
(6.3 g) was slowly added to above mixture and stirred continuously. Redistilled
phenol (5.0 g) and anhydrous sodium metabisulphite (5.0 g) were added to the above
reagent mixture and cooled to room temperature. The volume was made up to 1.0 1

and stored in an amber colour bottle.

5.2.5.2 Estimation of sucrose

To the 0.5 ml of cell free supernatant, 1 ml 1 N HCI was added and heated in a
boiling water bath for 10 min. After cooling to room temperature, 1 ml of 1 N NaOH
and 3 ml of DNS reagent were added. The mixture was diluted by adding 9.5 ml

distilled water. The absorbance was taken at 540 nm wusing UV-Visible
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spectrophotometer (Varian, Cary 100). The fructose in the range of 0.1 to 1.0 mg/ml

was used to plot standard.

5.2.6 Screening of nutrients for dextransucrase and dextran production from
Pediococcus pentosaceus CRAG3 using One Variable at a Time Approach

5.2.6.1 Effect of carbon source on dextransucrase and dextran production

The enzyme production medium (Tsuchiya et al., 1952) as described earlier in
Chapter 2, Section 2.2.4 (but with varying concentrations of sucrose) was used to
study the effects of carbon source (sucrose) on dextransucrase and dextran production
from Pediococcus pentosaceus CRAG3. 1% of overnight grown culture of
Pediococcus pentosaceus CRAG3 was inoculated in 50 ml enzyme production
medium containing various concentrations of sucrose from 1-8% (w/v) and incubated
at 25°C and 180 rpm for 6 h. The enzyme production medium containing 2% (w/v)
sucrose was taken as control. The aliquot (1 ml) from samples were withdrawn from
each concentration. The cells were removed by centrifuging at 10,000g and 4°C for 10
min and the cell free supernatants were analyzed for their dextransucrase activity and
dextran concentration as described earlier in Chapter 2, Section 2.2.5.1.3 and 2.2.6,
respectively. All the experiments were performed in triplicates and the average values

were taken.

5.2.6.2 Effect of nitrogen sources on dextransucrase and dextran production
The enzyme production medium (Tsuchiya et al., 1952) as described earlier in
Chapter 2, Section 2.2.4 supplemented with varying concentrations of yeast extract

(0.2-4%, wi/v) was used to determine its effects on dextransucrase and dextran
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production. However, to determine the effects of beef extract and peptone on
dextransucrase and dextran production, the enzyme production medium (which
already contained 2%, w/v yeast extract) supplemented with varying concentrations of
beef extract (0.1-2%, w/v) and peptone (0.5-4%, w/v) were used. 1% of overnight
grown culture of Pediococcus pentosaceus CRAG3 was inoculated in 50 ml of
enzyme production medium supplemented with variable concentrations of yeast
extract, beef extract or peptone. All sets of media were incubated at 25°C and 180 rpm
for 6 h. The enzyme production medium (containing 2% yeast extract) was taken as
control. After incubation the 1 ml aliquots were withdrawn and centrifuged at 10,000g
and 4°C for 10 min and the cell free supernatants were analyzed for dextransucrase
activity and dextran concentration as described earlier in Chapter 2, Section 2.2.5.1.3
and 2.2.6, respectively. All the experiments were conducted in triplicates and the

average values were taken.

5.2.6.3 Effect of Kx2HPQO4 on dextransucrase and dextran production

The effect of KoHPOs4 on dextransucrase and dextran production was
determined by varying its concentration from 0.1-4% (w/v) by keeping the
concentration of other components constant in enzyme production medium as
described earlier in Chapter 2, Section 2.2.4. 1% of overnight grown culture of
Pediococcus pentosaceus CRAG3 was inoculated in 50 ml enzyme production
medium containing varying concentrations of K-HPO4 and incubated at 25°C and 180
rpm for 6 h. After incubation, the cells were removed by centrifuging at 10,000g and
4°C for 10 min and the cell free supernatants from all samples were analyzed for their

dextransucrase activity and dextran concentration as described earlier in Chapter 2,
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Section 2.2.5.1.3 and 2.2.6, respectively. The enzyme production medium containing
2% (w/v) KoHPOg4 as described earlier in Chapter 2, Section 2.2.4 was taken as
control. All the experiments were conducted in triplicates and the average values were

taken.

5.2.6.4 Effect of Tween 80 on dextransucrase and dextran production

The effect of Tween 80 on dextransucrase and dextran production was
determined by varying their concentrations from 0.05-2% (w/v). 1% of overnight
grown culture of Pediococcus pentosaceus CRAG3 was inoculated in 50 ml enzyme
production medium as described earlier in Chapter 2, Section 2.2.4 supplemented with
variable concentrations of Tween 80 and incubated at 25°C and 180 rpm for 6 h. After
incubation, the cells were removed by centrifuging at 10,000g and 4°C for 10 min and
the cell free supernatants from all samples were analyzed for their dextransucrase
activity and dextran concentration as described earlier in Chapter 2, Section 2.2.5.1.3
and 2.2.6, respectively. The enzyme production medium as described earlier in
Chapter 2, Section 2.2.4 was taken as control. All the experiments were conducted in

triplicates and the average values were taken.

5.2.7 Optimization of dextransucrase and dextran production from
Pediococcus pentosaceus CRAG3 by Taguchi’s orthogonal array
methodology
Taguchi methodology was performed to statistically optimize the medium for

dextransucrase and dextran production by Pediococcus pentosaceus CRAG3 by the

method described by Prakasham et al. (2005). It consisted of four interconnected

sequential phases:
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i) Planning: It included selection of factors.

ii) Conducting: It comprised of designing of experiment and defining of data
analysis procedure.

iii) Analysis of data by fitting the results in Taguchi software and

iv) Validation: It included the use of optimized parameters in experiment.

In the present Taguchi design of experiment (DOE), six fermentation factors
sucrose, yeast extract, beef extract, peptone, dipotassium hydrogen orthophosphate
(K2HPO4) and Tween 80 were selected to analyze their effect on dextransucrase and
dextran production. Based on the results obtained by OVAT approach, three levels of
factor variations were considered. An L27 orthogonal array (OA) was designed
consisting of 27 different experimental trials. The total degree of freedom available in
an OA was equal to the number of trials minus one. Fermentations were carried out by
using 12 h old culture of P. pentosaceus CRAG3 grown in enzyme production
medium described by Tsuchiya et al. (1952). 1% (v/v) culture was inoculated in each
of 27 different compositions of media and incubated at 25°C and 180 rpm for 6 h.
After incubation all media were analyzed for their dextransucrase activity and dextran
concentration as described earlier in Chapter 2, Section 2.2.5.1.3 and 2.2.6,
respectively. All experiments were performed in triplicates. The design for the L27
orthogonal array was developed and analyzed using “MINITAB 157 software for
predicted values, individual and interactive influences, ANOVA and to determine the
contribution of each selected factor in dextransucrase and dextran production by the
isolate. The wvalidation of data was done by using optimized parameters of

fermentation media components and levels by software in shake flask.
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5.2.8 Scale up of dextransucrase and dextran production from Pediococcus
pentosaceus CRAG3 at bioreactor level

The statistically optimized medium for dextransucrase and dextran from P.
pentosaceus CRAG3 using Taguchi’s orthogonal methodology was scaled up at
bioreactor level using a 3L bioreactor (Applikon, model Bio Console ADI 1025) with
1L working volume. The bioreactor containing statistically optimized medium for
dextransucrase or dextran was autoclaved at 121°C, 15 1b/in® pressure for 20 min and
allowed to cool at room temperature. The dissolved oxygen (DO) was adjusted to
100% before inoculation. 1% inoculum from 12 h grown culture was inoculated in
each bioreactor. The pH and temperature were kept constant at 7.0 (using 2M NaOH
and 2M HCI) and 25°C, respectively throughout the fermentation process. The
agitation was set to 180 rpm at the beginning of the run but changed accordingly to
keep the DO above 40%. During fermentation, the parameters like cell absorbance,
enzyme activity, sucrose concentration and dextran concentration were analyzed at
every 2 h interval. The cell growth was observed by measuring the absorbance at 600
nm (Aso0). The optimized medium without culture was used as blank. The enzyme
activity of cell free supernatant was analyzed by the method as discussed earlier in
Chapter 2, Section 2.2.5.1.3. The sucrose profile of media was observed by estimating
the reducing sugars by the method of Sumner and Sisler (1944) as described earlier in
Section 5.2.5.2. The dextran concentration of culture supernatant was measured as

described earlier in Chapter 2, Section 2.2.6.
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5.3 Results and Discussion

5.3.1 Estimation of dextransucrase activity and dextran concentration of isolate
The dextransucrase activity and dextran concentration of the isolate

Pediococcus pentosaceus CRAG3 in enzyme production medium (Tsuchiya et al.,

1952) at 25°C and 180 rpm were determined. The maximum dextransucrase activity

showed by the isolate after 6 h was 4.5 U/ml while the maximum dextran

concentration was determined to be 4.5 mg/ml.

5.3.2 Screening of nutrients for dextransucrase production from Pediococcus
pentosaceus CRAG3 using One Variable at a Time Approach (OVAT)

5.3.2.1 Effects of carbon source on dextransucrase production

The effects of sucrose on dextransucrase production is shown in Fig. 5.3.1,
Table 5.3.1. The dextransucrase activity increased from 4.5 U/ml to 8.0 U/ml with
increasing sucrose concentration from 1-3.5% (w/v) but decreased thereafter. The
similar results have been observed in dextransucrase from Leuconostoc mesenteroides
B-512F where the maximum enzyme production was achieved at lower sucrose
concentration and decreased on further increasing the concentration (Goyal and
Katiyar, 1997; Lopretti et al., 1999). It has been reported that the dextransucrase from
Leuconostoc spp. is induced by sucrose which leads to synthesis of dextran during

production of enzyme (Majumder et al., 2007).
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Fig. 5.3.1 Effect of sucrose on dextransucrase production from Pediococcus
pentosaceus CRAG3 in enzyme production medium (pH 6.9) at 25°C
grown for 6 h.

Table 5.3.1 Effects of various nutrients on dextransucrase production from
Pediococcus pentosaceus CRAG3 using OVAT approach

Nutrient (%, w/v) Dextrans(uucl::ls)e activity Relatl\?g/o a;ctlwty
Control medium? 4.50 100
Sucrose (3.5)° 7.90 175
Yeast extract (1.0)° 6.50 144
Beef extract (1.0)¢ 7.35 163
Peptone (1.0)¢ 8.30 184
KoHPO, (1.0)¢ 6.20 138
Tween 80 (1.0, v/v) 9.00 200

“Tsuchiya et al. (1952) as described in Chapter 2, Section 2.2.4

®Enzyme production medium (Tsuchiya et al., 1952), with varying concentrations of
sucrose.

“Medium contained only yeast extract as nitrogen source.

dMedium also contained 2% (w/v) yeast extract along with beef extract or peptone.
°Enzyme production medium (Tsuchiya et al., 1952), with varying concentrations of
K2HPO4.
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5.3.2.2 Effects of nitrogen sources on dextransucrase production

The three nitrogen sources; yeast extract, beef extract and peptone were used
to determine the effects of nitrogen source on dextransucrase activity. On increasing
the concentration of yeast extract from 0.2-1% (w/v) the dextransucrase activity
increased from 5.9 to 6.5 U/ml (Fig. 5.3.2A, Table 5.3.1). However, on further
increase in yeast extract concentration the activity decreased, which showed that the
higher concentration of yeast extract did not support the enzyme production. The
similar results were observed in Leuconostoc mesenteroides B-640 (Purama and
Goyal, 2008) and Leuconostoc dextranicum B-1146 (Majumder and Goyal, 2008)
where the low concentration of yeast extract favoured dextransucrase production. The
effects of beef extract and peptone on dextransucrase activity is shown in Fig. 5.3.2B
and 5.3.2C, respectively. The increase in beef extract concentration upto 1% caused
enhancement in dextransucrase activity to 7.3 U/ml as compared to control (4.5 U/ml)
but decreased thereafter (Fig. 5.3.2B, Table 5.3.1). Similarly, on increasing peptone
concentration to 1% the enzyme activity increased 8.3 U/ml but further increase in
concentration did not support the dextransucrase production (Fig. 5.3.2C, Table
5.3.1). The decrease in activity might be due to the effect of trace elements present in
beef extract and peptone (Majumder and Goyal, 2008). These results were supported
by previous reports on lactic acid bacteria; Leuconostoc mesenteroides B-640
(Purama and Goyal, 2008) and Leuconostoc dextranicum B-1146 (Majumder and
Goyal, 2008). The increase in dextransucrase production in medium supplemented
with peptone and CaCl» along with yeast extract and other higher phosphate was also
observed by Qader et al. (2003), which concluded that peptone plays an important

role in dextransucrase production.
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Fig. 5.3.2
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Effect of various nitrogen sources on dextransucrase production from
Pediococcus pentosaceus CRAG3 in enzyme production medium (pH
6.9) at 25°C. (A) Yeast extract; (B) Beef extract and (C) Peptone.
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5.3.2.3 Effects of KxzHPO4 on dextransucrase production

K>HPOy4 acts as buffering agent for lactic acid produced during fermentation
(Tsuchiya et al., 1952; Rodrigues et al., 2003). On increasing the concentration of
K>2HPO4 up to 0.2%, the dextransucrase activity increased to 6.2 U/ml but decreased
thereafter (Fig 5.3.3, Table 5.3.1). The similar result was observed in Leuconostoc

mesenteroides B-512F by Rodrigues et al. (2003).
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Fig. 5.3.3 Effect of KoHPOs4 on dextransucrase production from the isolate
Pediococcus pentosaceus CRAG3 in enzyme production medium (pH
6.9) containing varying concentrations of KoHPO4. The culture was
grown at 25°C and 180 rpm for 6 h.

5.3.2.4 Effects of Tween 80 on dextransucrase production
K>HPOy4 acts as buffering agent for lactic acid produced during fermentation
(Tsuchiya et al., 1952; Rodrigues et al., 2003). On increasing the concentration of

K>2HPO4 up to 0.2%, the dextransucrase activity increased to 6.2 U/ml but decreased
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thereafter (Fig 5.3.3A, Table 5.3.1). The similar result was observed in Leuconostoc
mesenteroides B-512F by Rodrigues et al. (2003). The effects of Tween 80 on
dextransucrase production by Pediococcus pentosaceus CRAG3 is shown in Fig.
5.3.3B. The dextransucrase activity increased to 9.0 U/ml with increasing
concentration of Tween 80 up to 1% (v/v). However on further increasing
concentration saturation reached and no effect on activity was observed (5.3.4, Table
5.3.1). These results corroborate the earlier findings where the enhancement of
dextransucrase activity of Leuconostoc dextranicum B-1146 has been observed on
increasing Tween 80 up to 1% and saturation was observed between 0.8-1%
(Majumder and Goyal, 2008). Tween 80 is an industrial surfactant which helps in
secretion of dextransucrase by altering the composition of fatty acids of membrane
(Sato et al., 1989; Goyal and Katiyar, 1997). It also facilitates the transfer of nutrients

and oxygen to microorganism.
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Fig. 5.3.4 Effect of Tween 80 on dextransucrase production from the isolate
Pediococcus pentosaceus CRAG3 in enzyme production medium (pH
6.9) at 25°C.
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5.3.3 Screening of nutrients for dextran production from Pediococcus
pentosaceus CRAG3 using One Variable at a Time Approach (OVAT)

5.3.3.1 Effects of carbon source on dextran production

Among various nutrients, the sucrose was taken as carbon source to analyse its
effect on dextran production, since it acts as substrate for dextransucrase to produce
dextran. On increasing the sucrose concentration from 1-4% the dextran concentration
increased from 2.0 to 12.6 mg/ml but decreased thereafter (Fig. 5.3.5, Table 5.3.2).
Due to high production of dextran the medium became viscous. The decrease in
dextran concentration above 4% sucrose concentration might be due to the inhibitory

effect of higher sucrose concentration on the dextransucrase.

14.0 -

-

N

o
L

-

o

o
L

o
o
']

Glucan concentration (mg/ml)
E 2]
o o

N
o
']

0.0 L] L] L] 1
0 2 4 6 8

Sucrose concentration (%, w/v)

Fig. 5.3.5 Effect of sucrose on dextran production from Pediococcus pentosaceus
CRAGS3 in enzyme production medium (pH 6.9) containing varying

concentrations of sucrose. The culture was grown at 25°C and 180 rpm
for 6 h.
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Table 5.3.2 Effects of various nutrients on dextran production from Pediococcus
pentosaceus CRAG3 using OVAT approach

. o Dextran concentration Relative dextran
Nutrient (%, w/v) (mg/ml) concentration (%)
Control medium? 4.50 100
Sucrose (3.5)° 12.6 280
Yeast extract (0.2)° 5.70 127
Beef extract (0.1)¢ 3.75 83
Peptone (1.0)¢ 4.75 106
KoHPO4 (1.0)° 12.5 278
Tween 80 (0.05, v/v) 3.60 80

*Tsuchiya et al. (1952) as described in Chapter 2, Section 2.2.4
®Enzyme production medium (Tsuchiya et al., 1952), with varying concentrations of
sucrose.
“Medium contained only yeast extract as nitrogen source.
dMedium also contained 2% (w/v) yeast extract along with beef extract or peptone.
°Enzyme production medium (Tsuchiya et al., 1952), with varying concentrations of
K>HPOj.
5.3.3.2 Effects of nitrogen sources on dextran production
The effects of yeast extract, beef extract and peptone were analyzed on
dextran production from Pediococcus pentosaceus CRAG3. Amongst three nitrogen
sources, yeast extract was most effective for dextran production from Pediococcus
pentosaceus CRAG3. At 0.2% (w/v) yeast extract, the dextran concentration was 5.7
mg/ml (27% higher) as compared to control (4.5 mg/ml) containing 2% (w/v) yeast
extract (Fig. 5.3.6A, Table 5.3.2). The dextran concentration decreased on further
increasing the yeast extract concentration (Fig. 5.3.6A). However, beef extract
showed negative effect on dextran production. On increasing the concentration of beef
extract from 0-2% (w/v), the dextran concentration decreased from 4.5 mg/ml to 0.9
mg/ml (Fig. 5.3.6B). The peptone at its lower concentrations showed only 6%

increase in dextran production but at its higher concentration it negatively affected the

dextran production from Pediococcus pentosaceus CRAG3 (Fig. 5.3.6C, Table 5.3.2).
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Fig. 5.3.6 Effect of various nitrogen sources on dextran production from
Pediococcus pentosaceus CRAG3 in enzyme production medium (pH
6.9) at 25°C. (A) Yeast extract; (B) Beef extract and (C) Peptone.
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5.3.3.3 Effects of KxzHPOy4 on dextran production

The additive Ko;HPOg4 acts as buffering agent. On increasing the concentration
of KoHPO4 to 1% (mg/ml) the dextran concentration increased to 12.4 mg/ml as
compared to control (4.5 mg/ml) containing 2% (mg/ml) KoHPO4 (Fig. 5.3.7, Table
5.3.2). Similar results have been observed in dextran production from Weissella

confusa Cab3 (Shukla and Goyal, 2011).
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Fig. 5.3.7 Effect of KoHPOs on dextran production from Pediococcus
pentosaceus CRAG3 in enzyme production medium (pH 6.9)
supplemented with varying concentrations of K-HPO4. The culture was
grown at 25°C and 180 rpm for 6 h.

5.3.3.4 Effects of Tween 80 on dextran production
Tween 80 showed negative effect on dextran production. On increasing the

concentration above 0.05% (v/v) the dextran content started decreasing and reached to
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0.34 mg/ml as compared to control (4.5 mg/ml) (Fig. 5.3.8, Table 5.3.2). These results

were not in accordance with earlier findings (Sato ez a/., 1989; Goyal and Katiyar,

1997; Purama and Goyal, 2008).
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Fig. 5.3.8 Effect of Tween 80 on dextran production from Pediococcus pentosaceus
CRAGS3 in enzyme production medium (pH 6.9) at 25°C.

5.3.4 Taguchi orthogonal array design for dextransucrase production
5.3.4.1 Screening of medium components
The selected fermentation factors and their levels for optimization of

dextransucrase production by CRAG3 are presented in Table 5.3.3.
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Table 5.3.3 Selected fermentation factors and their assigned levels on dextransucrase
and dextran production by Pediococcus pentosaceus CRAG3.

S. No. Factor Level 1 Level 2 Level 3
1. Sucrose 2.0 3.5 5.0
2. Yeast Extract 0.2 1.0 2.0
3. Beef Extract 0.1 0.5 1.0
4. Peptone 1.0 2.0 3.0
5. K>HPO, 0.2 2.0 4.0
6. Tween 80 0.1 0.5 1.0

The combination of concentrations of selected fermentation factors and their
effect on dextransucrase activity is shown in Table 5.3.4. A total 27 sets of
experiments were performed and variations in dextransucrase activity were observed.
Wide variation in dextransucrase activity (from minimum 0.81 U/ml to maximum
10.1 U/ml) was observed in L27 orthogonal array experiments (Table 5.3.4), which
showed the importance of optimization for attaining maximum production. The
software predicted values were almost similar to experimental values for

dextransucrase production, which showed the accuracy in experiment (Table 5.3.4).
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Table 5.3.4 Fractional factorial design of L-27 (63) orthogonal array used for
dextransucrase activity and dextran production optimization by

Pediococcus pentosaceus CRAG3.

Run Suc* YE* BE* Pep* KHPOs T80* Dex"gﬂ;‘:)“ase Dextran (mg/mi)
. Experi- Predic Experi- Predic
Concentration (%, wiv) mental -ted mental -ted
1 20 02 041 1.0 0.2 0.1 2904026 2.92 8.5410.05 7.75
2 20 02 0.1 1.0 2.0 05 123039 1.05 3.96+0.18 417
3 20 02 0.1 1.0 4.0 1.0  3.08+0.52 3.25 0.31£0.07 0.89
4 20 10 05 20 0.2 0.1 2904080 3.59 7.0210.53 7.25
5 20 10 05 20 2.0 05 271092  1.73 3.05£1.13 3.66
6 20 10 05 20 4.0 1.0 364144 393 1.22£0.31  0.380
7 20 20 10 30 0.2 01 327042 341 6.41£0.30 6.45
8 20 20 10 30 2.0 05 179065 1.54 1.8340.00 2.87
9 20 20 10 30 4.0 1.0 364112 3.74 0.67+£0.12  -0.41
10 35 02 05 30 0.2 05 7.71x026 7.34 8.5410.18 8.54
1 35 02 05 30 2.0 1.0 7524039 750 8.8410.77 6.17
12 35 02 05 30 4.0 0.1 1.79£0.39  2.18 1.2240.00 3.89
13 35 10 10 1.0 0.2 05 567+0.39 6.04 12.51£047 1157
14 35 10 10 1.0 2.0 1.0 641038 6.20 10.06+0.77 9.20
15 35 10 1.0 1.0 4.0 0.1 1.05£0.26  0.89 5.1240.10 6.92
16 35 20 041 2.0 0.2 05 5.12+0.37 5.67 1251047  12.09
17 35 20 0.1 2.0 2.0 1.0 475038 5.83 6.71£0.00 9.73
18 35 20 0.1 2.0 4.0 01 216026 0.52 10.06+0.47 7.45
19 50 02 10 20 0.2 1.0  9.90+0.25 8.95 11.29£0.18  11.66
20 50 02 10 20 2.0 0.1  0.81+0.03 1.59 10.68+0.47  10.29
21 50 02 10 20 4.0 05 1.60+026 1.77 5.80+0.61 5.79
22 50 10 041 3.0 0.2 1.0  10.1+1.31  9.59 10.06+0.47 8.82
23 50 1.0 0.1 3.0 2.0 01 2724039 223 7.02+0.35 7.45
24 50 1.0 0.1 3.0 4.0 05 1424065 240 2.1440.30 2.95
25 50 20 05 1.0 0.2 1.0 9.56+0.26  9.59 12.20+0.53  13.55
26 50 20 05 1.0 2.0 0.1 1.97£0.22 223 16.05+0.63  15.98
27 50 20 05 1.0 4.0 05 271+0.39 241 10.37+0.18 9.05

*Suc- Sucrose, YE- Yeast Extract, BE- Beef Extract, Pep- Peptone, T80- Tween 80

Table 5.3.5 shows the response table of the selected factors on dextransucrase

production. The effect of factors on response (dextransucrase production) was

determined by their delta value and corresponding rank (Table 5.3.5). The delta value

was calculated by taking the difference between the highest and lowest characteristic

average for a factor. Higher delta value means higher effect of that component on

response. In present study, the order of medium components for their effect on

dextransucrase production was Tween 80 > K,HPO4 > Sucrose > Beef extract >
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Peptone > Yeast extract, which suggested that Tween 80 had an ample effect and the
yeast extract had least effect on dextransucrase production by Pediococcus

pentosaceus CRAG3.

Table 5.3.5 Response table of means for dextransucrase production by Pediococcus
pentosaceus CRAG3.

Level Sucrose YE* BE* Peptone K2HPOs Tween 80

1 2.797 4.062 3.721 3.846 6.348 2.174

2 4.688 4.070 4.5083 3.733 3.326 3.332

3 4.533 3.887 3.795 4.440 2.345 6.513
Delta 1.891 0.183 0.783 0.707 4.003 4.338
Rank 3 6 4 5 2 1

*YE- Yeast Extract, BE- Beef Extract

ANOVA data indicated the significance of selected factors on enzyme
production, which varied with factor to factor. Table 5.3.6 showed that sucrose,
Tween 80 and K;HPOs having least P-value were most significant factors for
dextransucrase production. The experimental data revealed that out of the 3 selected
levels, level 1 value of yeast extract and KoHPOys, level 2 value of beef extract and
sucrose, and level 3 value of peptone and Tween 80 in the medium were optimal for
dextransucrase production (Fig. 5.3.9A-F).

The optimum concentrations for maximum dextransucrase production are
shown in Table 5.3.7. The sucrose with a final concentration of 3.5% (w/v) showed
maximum dextransucrase activity. Increasing further the sucrose concentration leads
to decreased activity of the enzyme (Fig. 5.3.9A). This is in agreement with previous

reports where the strains of Leuconostoc mesenteroides showed maximum activity at
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lower concentration of sucrose and no further enhancement in activity was observed
above 4% (Goyal and Katiyar, 1997; Lopretti et al., 1999). K;HPO4 acts as a
buffering agent to the lactic acid produced during the fermentation (Tsuchiya et al.,
1952; Rodrigues et al., 2003). The increase in concentration of KoHPO4 above 0.2%
(w/v) resulted in decreased dextransucrase activity (Fig. 5.3.9E). 1% (v/v) Tween 80
gave maximum dextransucrase activity (Fig. 5.3.9F). Tween 80 is used as a surfactant
in industries and its presence in medium enhances secretion of dextransucrase from
cells by altering the fatty acid composition of cell membrane (Sato et al., 1989; Goyal
and Katiyar, 1997). The other medium components such as yeast extract (Fig. 5.3.9B),
beef extract (Fig. 5.3.9C) and peptone (Fig. 5.3.9D) at their final concentration of
0.2% (w/v) 0.5% (w/v) and 3.0% (w/v), respectively resulted in maximum

dextransucrase activity.

Table 5.3.6 Analysis of variance (ANOVA) of experimental data on dextransucrase
production by Pediococcus pentosaceus CRAG3.

N

Source DF* SeqSS* AdjSS* AdjMS* F P*

Sucrose 2 19.843 19.8427 09.9213 14.55 0.000
Yeast extract 2 0.193 0.1934 0.0967 0.14 0.869
Beef extract 2 03.360 03.3603 01.6801 2.46 0.121
Peptone 2 02.596 02.5963 01.2981 1.90 0.186
KoHPO4 2 78.377 78.3767 39.1884 57.49 0.000
Tween 80 2 90.841 90.8411 45.4206 66.63 0.000
Residual

error 14 9.543 9.543 0.6817

Total 26 204.754
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Table 5.3.7 Optimized fermentation components for dextransucrase and dextran
production by Pediococcus pentosaceus CRAG3.

Yeast Beef Tween
Components (%) Sucrose extract extract Peptone  K:HPOq, 80
Dextransucrase
activity (U/ml) 3.5 0.2 0.5 3.0 0.2 1.0
Dextran (mg/ml) 5.0 2.0 0.5 1.0 0.2 0.1

*DF- Degree of Freedom, Seq SS- Sequential Sum of Squares, Adj SS- Adjusted Sum of Squares,
Adj MS- Adjusted Mean of Squares, P- Probability

Main Effects Plot for SN ratio
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Fig. 5.3.9 Impact of selected fermentation factors and their assigned level on
dextransucrase production by Pediococcus pentosaceus CRAG3. X-axis
represents assigned levels of selected factor (%, w/w or w/v) and Y-axis
represents dextransucrase activity (U/ml). (A) Sucrose, (B) Yeast extract,
(C) Beef extract, (D) Peptone, (E) K-HPO4 and (F) Tween 80.
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5.3.4.2 Experimental validation of the model in flask

The validation of data was done in triplicate at flask level with 100 ml medium
in which the activity observed was 10.1 U/ml that was in good agreement with the
predicted results (10.5 U/ml) of software. This showed a significant 2 folds increase
in dextransucrase activity in optimized medium than in unoptimised medium (4.5
U/ml) (Table 5.3.8). The dextransucrase production was further confirmed and scaled

up by performing the experiment at bioreactor level.

Table 5.3.8 Comparison of dextransucrase activity and dextran production by
Pediococcus pentosaceus CRAG3 in un-optimized and optimized
media at flask and bioreactor level.

Medium PRl con%i):trraartlion
activity (U/ml) (mg/ml)
Unoptimized 4.5 4.50
Taguchi predicted value 10.5 15.98
Optimized (in flask) 10.1 16.05
Optimized (in bioreactor) 10.2 24.24

5.3.4.3 Experimental validation of the model in bioreactor

The optimized medium for dextransucrase production contained (%, w/v):
sucrose, 3.5%; yeast extract, 0.2%; beef extract, 0.5%; peptone, 3%; MgS04.7H-0,
0.02%; MnS04.4H20, 0.001%; FeSO4.7H20, 0.001%; CaCl2.2H20, 0.001%; NaCl
0.001%; KoHPOs, 0.2% and Tween 80, 1% (v/v). The dextransucrase production by
Pediococcus pentosaceus CRAG3 in optimized medium was compared with that of
unoptimized medium. The fermentation profile is shown in Fig. 5.3.10. The maximum
dextransucrase activity (10.2 U/ml) was observed at 8 hour of fermentation. It was

also in good agreement with predicted values of dextransucrase activity. The sucrose
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profile showed that it started being consumed from the 1% hour of fermentation and
less than 10% sucrose remained in medium after 12 h. The pH and temperature
remained constant throughout the fermentation while DO was controlled by varying

the agitation speed.
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Fig. 5.3.10 Validation of data for dextransucrase production in bioreactor.
Variation of dextransucrase activity (U/ml), sucrose concentration

(mg/ml) and cell absorbance (Aesoo) during batch fermentation of
Pediococcus pentosaceus CRAG3 in bioreactor.

5.3.5 Taguchi orthogonal array design for dextran production
5.3.5.1 Screening of medium components
The selected fermentation factors and their levels for optimization of dextran

production by CRAG3 are shown in Table 5.3.3. The total 27 sets of experiments
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were performed and dextran concentration of each set was determined. Broad
variation in dextran production (from minimum 0.3 mg/ml to maximum 14.9 mg/ml)
was observed in L27 orthogonal array experiments (Table 5.3.4). The software
predicted and experimental values for dextran production were in good agreement.
Table 5.3.9 shows response table of selected factors for dextran production. The order
of medium components for their effect on dextran production was K;HPO4 > Sucrose
> Peptone > Yeast extract > Beef extract >Tween 80, which suggested that K;HPO4
showed most significant effect and Tween 80 had least effect for dextran production
by Pediococcus pentosaceus CRAG3.

ANOVA data revealed that sucrose, peptone and KoHPO4 had least P-value
hence were found to be most significant factors for dextran production (Table 5.3.10).
The experimental data showed that selected level 1 value of peptone, Tween 80 and
K>2HPOy; level 2 value of beef extract and level 3 value of sucrose and yeast extract in
the medium, were optimal for maximum dextran production by CRAG3 (Fig.
5.3.11A-F). Table 5.3.7 showed the optimum medium for maximum dextran
production. The peptone in its final concentration range from 1 to 3% (w/v) was
checked for its effect on dextran production. It was observed that 1% (w/v) peptone
gave maximum dextran concentration, which further decreased after increasing the
concentration (Figure 5.3.11D). The effects of sucrose and K;HPO4 on dextran
concentration showed that 5% sucrose and 0.2% (w/v) KoHPO4 gave maximum
dextran concentration (Fig. 5.3.11A and 5.3.11E). However, other medium
components such as yeast extract (Fig. 5.3.11B), beef extract (Fig. 5.3.11C) and
Tween 80 (Fig. 5.3.11F) at their final concentration of 2.0% (w/v) 0.5% (w/v) and

0.1% (v/v), respectively displayed maximum dextran concentration.
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5.3.5.2 Experimental validation of the model in flask

The validation of data was done in triplicate at flask level and the maximum
dextran concentration of 16.05 mg/ml was obtained using the statistically optimized
medium. This was in good agreement with the predicted results (15.98 mg/ml) of
software. The dextran concentration in optimized medium was 3.6 fold higher (16.05
mg/ml) than in unoptimized medium (4.5 mg/ml) (Table 5.3.8). This was further

validated and scaled up at bioreactor level.

Table 5.3.9 Response table of means for dextran production by Pediococcus

pentosaceus CRAG3.
Level Sucrose e\)(((ta?asc:t e)?t?‘g::t Peptone K:2HPOs Tween 80
1 3.667 6.574 6.812 8.668 9.896 7.889
2 8.397 6.466 7.489 7.591 7.456 6.744
3 9.387 8.411 7.15 5.192 4.1 6.818
Delta 5.720 1.946 0.678 3.477 5.795 1.145
Rank 2 4 5 3 1 6

Table 5.3.10 Analysis of variance (ANOVA) of experimental data on dextran
production by Pediococcus pentosaceus CRAG3.

Source DF* Seq SS* Adj SS* Adj MS* F P*
Sucrose 2 168.242 168.242 84.121 22.04 0.000
Yeast extract 2 21.514 21.514 10.757 2.82 0.094
Beef extract 2 2.067 2.067 1.034 0.27 0.767
Peptone 2 57.011 57.011 28.505 7.47 0.006
KaHPO4 2 152.399 152.399 76.200 19.97 0.000
Tween 80 2 7.387 7.387 3.694 0.97 0.404
Residual error 14 53.427 53.427 3.816

Total 26 462.048

*DF- Degree of Freedom, Seq SS- Sequential Sum of Squares, Adj SS- Adjusted Sum of Squares, Adj
MS- Adjusted Mean of Squares, P- Probability
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Main Effects Plot for Means
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Fig. 5.3.11 Impact of selected fermentation factors and their assigned level on
dextran production by Pediococcus pentosaceus CRAG3. X-axis
represents assigned levels of selected factor (%, w/w or w/v) and Y-axis
represents dextransucrase activity (U/ml). (A) Sucrose, (B) Yeast extract,
(C) Beef extract, (D) Peptone, (E) Kz2HPO4 and (F) Tween80.

5.3.5.3 Experimental validation of the model in bioreactor

The optimized medium for dextran production consisted (%, w/v): sucrose,
5%; yeast extract, 2%; beef extract, 0.5%; peptone, 1%; KoHPO4, 0.2%;
MgS04.7H20, 0.02%; MnSO4.4H20, 0.001%; FeSO4.7H20, 0.001%; CaCl2.2H>0,
0.001%; NaCl 0.001% and Tween 80, 0.1%. Comparing the dextran production by
Pediococcus pentosaceus CRAG3 in optimized medium (24.24 mg/ml) with
unoptimized medium (4.5 mg/ml), an increase of 5 fold was observed. The
fermentation profile showed that the dextran concentration reached to its maximum

level (24.24 mg/ml) during 6"-8™ hour of fermentation (Fig. 5.3.12). The dextran
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concentration in bioreactor was 1.5 fold higher than that observed at flask level (16.05

mg/ml). The increase in concentration might be due to more growth of cells in

medium (Fig. 5.3.12). The sucrose profile showed that it started getting consumed

from 1°' hour of fermentation and after 4™ hour almost 50% of sucrose was consumed.

2-3% (wlv) sucrose remained in medium after 12 h. The pH and temperature

remained constant throughout the fermentation while DO was controlled by varying

the agitation speed.
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Fig. 5.3.12 Validation of data for dextran production in bioreactor. Variation of
dextran concentration (mg/ml), sucrose concentration (mg/ml) and cell
absorbance (Aeoo) during batch fermentation of Pediococcus
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5.4 Conclusions

The branched dextran producer strain of Pediococcus pentosaceus CRAG3
was selected for optimization of media components for enhanced dextransucrase and
dextran production using One Variable at a Time (OVAT) approach and Taguchi
orthogonal array design. The effects of sucrose, yeast extract, beef extract, peptone,
K>HPO4 and Tween 80 on dextransucrase and dextran production were analysed. The
dextransucrase activity and dextran concentration in control medium was 4.5 U/ml
and 4.5 mg/ml, respectively. The sucrose at a concentration of 3.5% (w/v) resulted in
1.75 fold increase in dextransucrase activity (7.9 U/ml) with respect to control. 1%
(wlv) yeast gave 6.5 U/ml dextransucrase which was 44% higher as compared to the
control containing 2% (w/v) yeast extract. However, the addition of beef extract (1%,
w/v) or peptone (1%, w/v) to the control medium increased the dextransucrase
activity to 7.35 U/ml and 8.3 U/ml, respectively. There was an increase in
dextransucrase activity with increase in concentrations of KxHPO4 and Tween 80. The
increase in activity was 38% (6.2 U/ml) and 100% (9.0 U/ml) at 1% (w/v) KoHPO4
and 1% (v/v) Tween 80, respectively.

The effects of nutrients on dextran production showed that sucrose (3.5%,
w/v), yeast extract (1%, w/v), peptone (1%, w/v) and KoHPOs4 (1%, w/v) favoured its
production with 180%, 27%, 6% and 178% increase in dextran concentration,
respectively. However, beef extract (0.1%, w/v) and Tween 80 (0.05%, w/v)
negatively affected dextran production with 17% and 20% decrease in dextran
concentration.

Based on the results of OVAT, the different levels of medium components

were selected for medium optimization of dextransucrase and dextran production
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using Taguchi methodology. The effect of factors on response showed that Tween 80
had an ample effect and yeast extract had least effect on dextransucrase production by
P. pentosaceus CRAG3. However, KoHPOs showed most significant effect and
Tween 80 showed least effect on dextran production by P. pentosaceus CRAGS3.
ANOVA data showed significant effect of sucrose, Tween 80 and K>HPOs on
dextransucrase production. On the other hand, sucrose, peptone and KoHPO4 were
found to be most significant for dextran production.

The optimized medium for dextransucrase production contained (%, w/v):
sucrose, 3.5%; yeast extract, 0.2%; beef extract, 0.5%; peptone, 3%; MgS04.7H>0,
0.02%; MnSO4.4H>0, 0.001%; FeS04.7H>0, 0.001%; CaCl,.2H>0, 0.001%; NaCl
0.001%; KoHPOs, 0.2% and Tween 80, 1% (v/v). However, the optimized medium for
dextran production consisted (%, w/v): sucrose, 5%; yeast extract, 2%; beef extract,
0.5%; peptone, 1%; KoHPO4, 0.2%; MgS04.7H20, 0.02%; MnS0O4.4H20, 0.001%;
FeS04.7H20, 0.001%; CaCl2.2H20, 0.001%; NaCl 0.001% and Tween 80, 0.1%.
Significant increase in dextransucrase activity and dextran concentration was
observed in optimized medium (10 U/ml and 16 mg/ml, respectively) as compared to
unoptimized medium (4.5 U/ml and 4.5 mg/ml, respectively). Validation of data was
done at flask and bioreactor levels. The maximum dextransucrase activity achieved in
shake flask and bioreactor level was 10.1 U/ml 10.2 U/ml, respectively which was in
good agreement with Taguchi predicted result (10.5 U/ml). The maximum dextran
concentration at shake flask level was 16 mg/ml which was also in accordance with
Taguchi predicted value (15.98 mg/ml). Interestingly, the enhancement in dextran
concentration (24 mg/ml) was observed at bioreactor level which might be due to

higher growth of cells.
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Probiotic potential of Pediococcus pentosaceus CRAG3

6.1 Introduction

The lactic acid bacteria (LAB) are a group of Gram-positive rod and coccus
shaped, non-spore forming, non-motile microorganisms. The major product formed
during fermentation of carbohydrates is lactic acid. This group comprises the genera
such as Carnobacterium, Enterococccus, Lactobacillus, Lactococcus, Lactosphaera,
Leuconostoc, Melissococcus, Oenococcus, Pediococcus, Streptococcus,
Tetragenococcus, Vagococcus and Weissella (Stiles and Holzapfel, 1997; Holzapfel
et al., 2001). Many lactic acid bacteria served as better probiotics. Probiotics are live
microbial feed supplements that positively affect the host animal by improving its
intestinal microbial balance (Fuller, 1989). This has become the most widely accepted
definition (Fooks et al., 1999). Currently, most probiotic bacteria belong to the genera
Lactobacillus and Bifidobacterium (Prasad et al., 1998). However, species belonging

to the genera Lactococcus, Enterococcus, Saccharomyces (Salminen and von Wright
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1998, Dunne et al., 1999; Sanders and in’t Veld, 1999) and Propionibacterium (Grant
and Salminen, 1998) are also considered as probiotic microorganisms. Even
Streptococcus thermophilus (Cosson and Deschamps, 1994; Collins et al., 1998;
Naidu et al., 1999, Sreekumar and Hosono, 2000) and Lactobacillus delbrueckii
subsp. bulgaricus (Bezkorovainy et al., 1997; Naidu et al., 1999; Sreekumar and
Hosono, 2000) are considered probiotics. There are number of reports demonstrating
the probiotic properties of Pediococcus spp. (Jonganurakkun et al., 2008; Yuksekdag
and Aslim 2010; Sukumar and Ghosh, 2010) and Leuconostoc spp. (Kekkonen et al.,
2008; Allameh et al., 2012). P. acidilactici has GRAS (Generally Recognized as Safe)
status and is used as probiotic culture and nutritional enhancer in silage (O’Connor et
al., 2007; Kantor et al., 1997). Along with fermented foods, several Pediococcus
strains produce bacteriocins which inhibit the growth of major Gram-positive
foodborne pathogens, as well as other food spoilage bacteria (Kantor et al., 1997).
Bacteriocinogenic strains of Pediococcus genus has been found active against lactic
acid bacteria, Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae,
Listeria innocua, Listeria ivanovii and Listeria monocytogenes (Todorov and Dicks,
2005). In the present study a number of in vitro tests were performed to screen
Pediococcus pentosaceus CRAG3 for its probiotic properties such as cell adhesion
property, resistance to biological barriers, deconjugation of bile salts, antimicrobial

assay and prebiotic utilization.
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6.2 Materials and Methods
6.2.1 Chemicals and reagents

The chemicals required for evaluating probiotic properties of strains such as
Giemsa stain, immersion oil, dipotassium hydrogen orthophosphate, phosphate buffer
saline, raffinose, inulin, yeast extract, beef extract, peptone, sodium chloride and
sodium hydroxide were purchased from Himedia Pvt. Ltd., India. The chemicals such
as lysozyme, pepsin, Ringer solution, sodium chloride, calcium chloride, potassium
chloride, sodium bicarbonate, taurodeoxycholic acid, and bile salts were purchased
from Sigma Chemical Co., St. Louis, MO, USA. Taurine was purchased from SRL
Pvt. Ltd., India. Ninhydrin was purchased from Fisher Scientific Pvt. Ltd., India and
Trichloro acetic acid, citric acid, Giemsa stain and sodium citrate heptahydrate were

purchased from Merck, India.

6.2.2 Maintenance of culture

Pediococcus pentosaceus CRAG3 (Genbank accession number JX679020)
was isolated from fermented cucumber as described in Chapter 2 Section 2.2.2. It was
propagated in modified MRS agar medium (Goyal and Katiyar, 1996) as a stab
incubated at 30°C, stored at 4°C and sub-cultured every 15 days. The modified MRS
agar medium was prepared as described in Chapter 2, Section 2.2.3. The cervical
cancer (HeLa) cell line and murine macrophage (J774A.1) cell line were used for in
vitro cell adhesion assay of Pediococcus pentosaceus CRAG3. The cell lines were

maintained in DMEM medium as described earlier in Chapter 4, Section 4.2.4.2.
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6.2.3 Adhesive capacity and cell surface traits
6.2.3.1 Hydrophobicity

The hydrophobic behavior of the isolate Pediococcus pentosaceus CRAG3
was determined by the method as described by Perez et al. (1998) with modification.
n-Hexadecane was used in place of xylene. Kiely and Olson (2000) reported the use
of n-hexadecane to qualitatively determine the adhesion property of bacteria. The
cells of Pediococcus pentosaceus CRAG3 overnight grown in 5 ml modified MRS
medium (as described earlier in Chapter 2, Section 2.2.3) at 25°C and 180 rpm were
harvested by centrifugation at 12,000g for 5 min at 4°C. The cell pellet was washed
twice with 5 ml 50 mM KoHPOs4 buffer, pH 6.5 and finally re-suspended in 5 ml same
buffer. The absorbance at 600 nm (Asoo) of cell suspension was taken and adjusted to
value of 1.0 with the same buffer. To 3 ml of the bacterial suspension, 0.6 ml of n-
hexadecane was added and mixed well on vortex for 2 min. The two phases were
allowed to separate at 37°C for 20 min. The aqueous phase was removed cautiously
and the absorbance at 600 nm was taken. The cell surface hydrophobicity (H%) was
calculated by observing the drop in absorbance of the aqueous phase using the
following formula:

H%=[(A0-A)/A0]x100

Where, Ao and A are the absorbance at 600 nm (Aeoo) before and after extraction with

n-hexadecane, respectively.
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6.2.3.2 Autoaggregation assay

The autoaggregation assay was performed by method as described by Del Re
et al. (2000) with following modifications; the incubation time for autoaggregation
was 5 h instead of 2 h. The culture (4 ml) of Pediococcus pentosaceus CRAG3
containing approximately 4x10® CFU was centrifuged at 12,000g and 4°C for 10 min.
The cell pellet was re-suspended in 4 ml 150 mM phosphate buffer saline (PBS, pH
7.0) and allowed to aggregate by further incubating at 37°C for 5 h. Aliquots of 100 ul
were withdrawn at regular interval of 1 h from upper part of suspension and mixed
with 3.9 ml 150 mM PBS (pH 7.0) and absorbance at 600 nm (Ago0) was measured.
The percent autoaggregation (A.%) was calculated by using following equation (Del
Re et al., 2000):

Aa%=1 - (At/Ao) x 100

Where, A= absorbance at time t=1, 2,...., 5 h and A¢= absorbance at t=0 h.

The percentage of autoaggregation was expressed as a function of time, until 5 h.

6.2.3.3 Co-aggregation assay

The coaggregation assay was performed by using the method described by
Kos et al. (2003). The cultures (4 ml) of Pediococcus pentosaceus CRAG3 and E. coli
containing approximately, 2x10% CFU each were centrifuged at 12,000g and 4°C for
10 min. The cell pellet of both cultures was re-suspended separately in 2 ml 0.1 M
sodium phosphate buffer, pH 7.0. Equal volumes (2 ml) of both cell suspensions were
mixed together and allowed to aggregate by incubating at 37°C for 5 h. The tubes
containing 4 ml of each bacterial suspension was taken as control. Aliquots of 100 ul

were withdrawn at regular interval of 1 h from upper part of suspension and mixed
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with 3.9 ml of same buffer and absorbance at 600 nm (Aspo) was measured. The
percentage of coaggregation (C.%) was calculated by using the equation of Handley

et al. (1987):

(Ax + Ay)/2- (Ax + Ay)
Ca%= x 100
(Ax + Ay)/2

Where, Ax and Ay represent absorbance at 600 nm (Aeoo) of each of the two strains in

the control tubes and A(x + y) the absorbance of mixture.

6.2.3.3 In vitro cell adhesion assay

The adhesive capacity of Pediococcus pentosaceus CRAG3 was studied
using cervical cancer (HeLa) cell line and murine macrophage (J774A.1) cell line
using the method as reported earlier (Chauviere et al., 1992). The cell lines were
grown separately in Dulbecco’s Modified Eagle’s medium (DMEM) supplemented
with 10% (v/v) fetal bovine serum, 50 pg/ml streptomycin and 50 IU/ml penicillin at
37°C in 5% CO; atmosphere. The monolayers of each cell line were prepared on
separate glass coverslips in six well tissue culture plates. Each of HelLa and J774A.1
cells were seeded at a concentration of 4x10* cells/cm® in 96 well plate and were
incubated at 37°C in a 5% CO:> incubator. The cells of Pediococcus pentosaceus
CRAG3 from overnight grown culture in modified MRS medium at 25°C and 180
rpm were counted and approximately 103 CFU were added over the monolayer of
each cell line at post confluence. The plates were incubated at 37°C under 5% CO>
atmosphere for 90 min to allow them to adhere onto the surface of monolayers. The
unbound bacteria were removed from monolayers by washing twice with sterile 1x

PBS (150 mM, pH 7.0), followed by fixing with methanol and finally stained with 1%
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(w/v) Giemsa solution. The adhered bacteria were observed under light microscope
(Zeiss, Primo star) using oil immersion (100x) at 20 random microscopic fields per

glass coverslip monolayer.

6.2.4 Resistance to biological barriers
6.2.4.1 Lysozyme resistance

The tolerance of Pediococcus pentosaceus CRAG3 against lysozyme was
determined by method of Zago et al. (2011). The culture was grown in 10 ml
modified MRS medium (as described earlier in Chapter 2, Section 2.2.3) at 25°C and
180 rpm for overnight. The cells were centrifuged at 12,000g and 4°C for 10 min. The
cell pellet was washed twice with 5 ml of 0.1 M potassium phosphate buffer (pH 7.0)
and re-suspended in 2 ml of Ringer solution (Zago et al., 2011). It is a commercially
available medium for in vitro culture of preimplantation stage embryos. It is a
modified Krebs-Ringer bicarbonate solution, which is very similar to Whitten's
Medium and contains pyruvate and lactate as energy sources since pre-implantation
embryos cannot utilize glucose efficiently. 0.5 ml suspension of culture from above
solution was inoculated in 5 ml sterile electrolyte solution (SES; 0.22 g/l CaCl,, 6.2
g/l NaCl, 2.2 g/l KCI, 1.2 g/l NaHCO3) containing 100 mg/l of lysozyme and
incubated at 37°C for 2 h. The bacterial suspension in SES without lysozyme was
taken as control. The aliquot (10 ul) from each sample was spread on petri-dish
containing modified MRS medium and incubated at 25°C for 48 h. The microbial
colonies grown on petri-dishes were counted and the survival rate was calculated as

percent of CFU/ml (colony forming unit per ml) obtained from lysozyme treatment
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with respect to the control (without lysozyme treatment). The experiment was

conducted in triplicate and the average value was taken.

6.2.4.2 Tolerance to simulated gastric juice

The resistance of Pediococcus pentosaceus CRAG3 against simulated gastric
juice was determined by the method of Charteris et al. (1998). Two separate solutions
of simulated gastric juice (each 10 ml) were prepared by mixing pepsin (1000 U/mg,
3 mg/ml) and NaCl (0.5% w/v) in water and pH of one solution was adjusted to 2 and
of the other solution to pH 3. 30 ml overnight grown culture of Pediococcus
pentosaceus CRAG3 was centrifuged at 6,000g¢ and 4°C for 20 min. After removing
the supernatant, the bacterial cells were washed twice with 10 ml 50 mM K>;HPO4
(pH 6.5) and re-suspended in 3 ml of the same solution. 1 ml each of cell suspension
was added to 9 ml each of gastric solution of pH 2 and 3 and incubated at 37°C for 3
h. The total viable cells (CFU/ml) were counted by using the plate count method,
before and after incubation period and expressed as the difference in colony counts.
The aliquots (50 ul) from each solution were diluted to 10 dilution factor and spread
on petri-dish containing MRS medium. The petri-dishes were incubated at 30°C for
24 h and the total viable cells CFU/ml was calculated. The experiment was performed

in triplicate and the average value was taken.

6.2.4.3 Resistance to bile salts
The ability of the isolate Pediococcus pentosaceus CRAG3 to tolerate
different concentrations of bile salts was evaluated by method of Walker and Gilliland

(1993) with following modifications; instead of MRS-THIO medium (containing
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0.2% sodium thioglycolate) modified MRS medium (as described earlier in Chapter 2,
Section 2.2.3) was used. The overnight grown culture of Pediococcus pentosaceus
CRAG3 (2%, v/v) was inoculated into 10 ml modified MRS medium (pH 6.4)
containing 0.3, 0.5 or 1% (w/v) of bile salts. The cultures were incubated at 25°C and
after 24 h absorbance at 600 nm (Agoo) was measured and compared with a control
culture (without bile salts). The results were expressed as the percent of growth (Aeoo
nm) in the presence of bile salts with respect to the control. The experiment was

conducted in triplicate and the average value was taken.

6.2.5 Bile salt hydrolase activity
6.2.5.1 Bile salt deconjugation

Bile salt hydrolase (BSH) activity of the isolate was determined according to
the method of Taranto et al. (1995). The petri-dish containing modified MRS medium
(pH 6.4) (Goyal and Katiyar, 1996 and as described earlier in Chapter 2, Section
2.2.3) supplemented with 1.7% (w/v) agar and 0.5% (w/v) sodium salt of
taurodeoxycholic acid were made. The medium was autoclaved (121°C, 15 min, 15
psi) and immediately used. 12 h old culture of Pediococcus pentosaceus CRAG3 in
modified MRS medium (Goyal and Katiyar, 1996) was streaked on petri-dish and was
incubated anaerobically in air-tight gas jar containing the gas-pak sachet at 37°C for
72 h. In this process the amide bond of bile salts is hydrolyzed liberating
glycine/taurine moiety from the steroid core leaving behind the deconjugated
(unconjugated) bile acids (Fig. 6.2.1). The process of deconjugation is catalyzed by

Bile salts hydrolase (BSH) enzyme (EC 3.5.1.24).
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Fig. 6.2.1 (A) Chemical structure of bile acids. The carboxy goup of primary bile
acids linked with the amino group of either glycine or taurine by amide
bond to form conjugated bile acids prior to secretion. (B) The
deconjugation reaction catalyzed by bile salts hydrolase enzyme to form
deconjugated bile acids as precipitate.
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6.2.5.2 Bile salt hydrolase activity assay

BSH activity assay was carried out using the method as described by Tanaka
et al. (2000) with following modifications. The overnight grown culture (5 ml) of
Pediococcus pentosaceus CRAG3 in modified MRS medium (Goyal and Katiyar,
1996 and as described earlier in Chapter 2, Section 2.2.3) was centrifuged at 10,000g
and 4°C for 10 min. The cells were washed twice with 0.1 M sodium phosphate buffer
(pH 7.0) and finally resuspended in 5 ml of same buffer. The concentration of cell
suspension was adjusted to absorbance value to 1 at 600 nm. The cell suspension was
sonicated by using ultrasonic processor (Sonics, Vibra cell) for 5 min (with pulse rate
of 15 sec On and 10 sec Off) with constant cooling on ice and centrifuged at 10,000g
and 4°C for 10 min. The cell pellet was discarded and 0.2 ml of supernatant was
mixed with 0.2 ml 0.1 M sodium phosphate buffer, pH 7.0 and 0.1 ml of 6 mM
taurodeoxycholic acid. The solution was incubated at 37°C for 30 min and the
reaction was stopped by adding 0.5 ml of 15% (w/v) trichloroacetic acid. The mixture
was centrifuged at 10,000g and 4°C for 10 min and to the 0.4 ml of supernatant, 0.4
ml of ninhydrin reagent (0.2%, w/v ninhydrin in 0.5 M citrate buffer, pH 5.5) was
added. The mixture was put in boiling water bath for 15 min and cooled to room
temperature (25°C). After cooling, 0.2 ml deionized water was added and absorbance
(As70) at 570 nm was measured. The standard plot was prepared using taurine (20-200
ug/ml) (Fig. 6.2.2) and the BSH activity was measured by determining the amount of
amino acids liberated from conjugated bile salts by Pediococcus pentosaceus
CRAGS3. One unit of BSH activity was defined as the amount of enzyme that liberated

1 umol of amino acid from substrate per min.
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Fig. 6.2.2 Standard plot between concentrations of taurine against absorbance at 570
nm (As7o) for bile salt hydrolase activity assay.

6.2.6 Antibacterial activity of Pediococcus pentosaceus CRAG3
6.2.6.1 Nutrient medium preparation

The nutrient medium for culturing of test microorganisms (Escherichia coli,
Bacillus subtilis and Staphylococcus aureus) was prepared using method as described
earlier (Lapage et al., 1970). The components for nutrient medium are given in Table
6.2.1. The pH of the medium was adjusted to 6.8 using 1IN HCI or IN NaOH. To
prepare the nutrient agar medium, 1.7% (w/v) agar was added to nutrient broth. The
medium was sterilized by autoclaving at 15 psi steam pressure and 121°C temperature

for 20 min.
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Table 6.2.1 Components for preparation of nutrient agar medium.

Component % (W/v)
Yeast extract 0.2
Beef extract 0.1
Peptone 0.5
Sodium chloride 0.5

6.2.6.2 Analysis of antibacterial activity

The ability of Pediococcus pentosaceus CRAG3 to exhibit antibacterial activity
was determined by the method of Yuksekdag and Aslim (2010). Test microorganisms
(Escherichia coli, Bacillus subtilis and Staphylococcus aureus) were grown in 5 ml
nutrient broth as described earlier in Section 6.2.6.1 at 37°C for 18-20 h. Pediococcus
pentosaceus CRAG3 was grown in 5 ml of modified MRS medium as described
earlier in Chapter 2, Section 2.2.3 at 25°C for 18-20 h. The cells of Pediococcus
pentosaceus CRAG3 were removed by centrifugation at 8,000g and 4°C for 10 min
and the cell free supernatant was sterilized by filtering through 0.22 pm membrane.
The petri-dishes (90 mm) containing nutrient agar previously inoculated with 1% each
of test microorganisms were prepared. The wells (6 mm) were made in each petri-dish
using sterile micro-tips and 100 ul cell-free filtrate of Pediococcus pentosaceus
CRAG3 was added to each well. In another set of experiment the cell-free filtrate was
neutralised using 2N NaOH and 100 pl was added to each well in petri-dishes
containing test organisms. The plates were incubated at 37°C for 24 h and the zone of

inhibition was measured.
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6.2.7 Estimation of lactic acid production

The isolate Pediococcus pentosaceus CRAG3 was analyzed for its ability to
produce lactic acid. The concentration of lactic acid was measured by using the
method as described by Mirdamadi et al. (2002) with certain modifications. The
isolate was grown in 5 ml modified MRS medium (Goyal and Katiyar, 1996) as
described in Chapter 2, Section 2.2.3 at 25°C and 180 rpm for 24 h. The cells were
removed by centrifugation at 10,000g and 4°C for 10 min and the cell free supernatant
was used for determination of lactic acid concentration. To 0.5 ml of cell free
supernatant, 3.0 ml concentrated sulphuric acid (18 M) was mixed and heated in
boiling water bath for 10 min. The mixture was cooled to 25°C and 50 pl of cupric
sulphate (4%, w/v in water) and 100 pl phenolphthalein (1.5%, w/v in 95%, v/v
ethanol) were added. The absorbance of mixture (3.65 ml) at 570 nm was read against
distilled water as blank. The standard graph was plotted using lactic acid in the range

10-150 mg/ml (Fig. 6.2.3).
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Fig. 6.2.3 Standard plot between concentrations of lactic acid against absorbance at
570 nm (As70) for estimation of lactic acid.
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6.2.8 Utilization of prebiotics by Pediococcus pentosaceus CRAG3

The isolate Pediococcus pentosaceus CRAG3 was explored for its ability to
utilize prebiotics such as raffinose and inulin as described earlier (Zago et al., 2011).
The MRS medium (20 ml) containing raffinose or inulin (2%, w/v) were prepared
separately. MRS containing that contains 2% (w/v) glucose was taken as positive
control. The overnight grown culture of Pediococcus pentosaceus CRAG3 (1%) was
inoculated in each of 20 ml MRS media and incubated at 37°C and 180 rpm for 24 h.
The percentage of growth of Pediococcus pentosaceus CRAG3 in the presence of
each prebiotic was calculated as follows (Zago et al., 2011).

[((MRSp - MRS»)x100) / (MRSg - MRSb)]

where, MRS;, MRS, and MRS, are absorbance at 600 nm (Acoo) of culture grown in
MRS medium supplemented with prebiotic, without carbon source and with glucose,
respectively. MRS medium without carbon source as negative control and MRS

medium with glucose as positive control were used.
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6.3 Results and Discussion
6.3.1 Cell surface traits and adhesive capacity of the isolate
6.3.1.1 Hydrophobicity

Pediococcus pentosaceus CRAG3 showed 33% hydrophobicity (H%) after 20
min, which was similar to other reported probiotic bacteria such as Lactococcus
acidophilus (38.1%), Lactococcus casei (24.1%) and Lactococcus lactis (31.3%)
(Vinderola and Reinheimer, 2003). Hydrophobic interaction plays the initial
significant step in the microbial adhesion between the bacterial cell surface and the

contact substratum (Busscher and Weerkamp, 1987).

6.3.1.2 Autoaggregation

The auto-aggregation (%) of Pediococcus pentosaceus CRAG3 increased with
increasing time and showed 43% auto-aggregation after 5 h implying its ability to
form clumps (Fig. 6.3.1). Hydrophobicity and autoaggregation of microorganism are
phenotypically related to its adhesion capacity (Perez et al., 1998; Del Re et al.,
2000). It is the hydrophobic nature of outer layer of microbe which helps in
attachment to the mammalian cell surface (Rosenberg et al., 1980; Zago et al., 2011).
The autoaggregation is an important property of probiotic through which it colonizes

in intestine.
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Fig. 6.3.1 Autoaggregation and coaggregation (with E. coil) property displayed by
Pediococcus pentosaceus CRAG3.

6.3.1.3 Coaggregation

Pediococcus pentosaceus CRAG3 showed 10.65+.84% coaggregation with E.
coli after 5 h (Fig. 6.3.1) similar to probiotic strain Lactobacillus acidophilus M92
which showed 4.36% and 15.11% coaggregation with Lactobacillus plantarum 1.4
and Escherichia coli 3014, respectively (Kos et al., 2003). The coaggregation assay
was performed to determine the interbacterial adherence between Pediococcus
pentosaceus CRAG3 and E. coli which could increase its colonization potential if it
was to be used in mixed culture as probiotics. It has been reported that the inhibitor
producing bacteria may constitute an important host defence mechanism against

infection in the gastrointestinal tract (Spencer and Chesson 1994) and also in intestine
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(Suskovic et al., 1997). Pediococcus pentosaceus CRAG3 is a potent producer of

lactic acid therefore, it may also help in host defence mechanism.

6.3.1.4 In vitro cell adhesion assay

The adhesion of P. pentosaceus CRAG3 on HeLa and J774A.1 cell lines is
shown in Fig. 6.3.2. The microscopic examination of adhesion between mammalian
cell lines and the isolate showed that Pediococcus pentosaceus CRAG3 displayed
adhesion property with all cell lines (Fig. 6.3.2A-D). The cells of P. pentosaceus
CRAG3 adhered to both cell HeLa cell line (Fig. 6.3.2B) and J774A.1 cell line (Fig.
6.3.2D) indicating good adhesion property of the isolate. The adhesion capacity is a
key property of probiotic through which competes with pathogenic strains. The
adhesion property of a probiotic microbe supports in competing with other
microorganisms in gastrointestinal tract (Naidu ez al., 1999). The characterization of
many probiotic bacteria has been done on the basis of their adhesion capacity (Del Re
et al., 2000). It has been reported that the bacteria having high autoaggregation

capacity also show good adhesion capacity (Del Re et al., 2000).
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Fig. 6.3.2 Determination of adhesive capacity of Pediococcus pentosaceus CRAG3
on cervical cancer HeLa and murine macrophage J774A.1 cell lines. (A)
Untreated HelLa cells (control); (B) Adherence of Pediococcus
pentosaceus CRAG3 on HelLa cells; (C) Untreated J774A.1 cells (control);
(D) Adherence of Pediococcus pentosaceus CRAG3 on J774A.1 cells.

6.3.2 Resistance to biological barriers
6.3.2.1 Resistance to lysozyme

The overall resistance of P. pentosaceus CRAG3 to lysozyme was expressed in
terms of percent survival. The isolate showed resistance to 100 pg/ml of lysozyme
with 75% (6.0 x 10° CFU/ml) survival after 2 h as compared to control having 7.95 x
10° CFU/ml (Fig. 6.3.3). The similar results were observed in other probiotic bacteria
such as Lactobacillus plantarum Lp751 (72.52%), Lactobacillus plantarum Lp803
(72.64) and Lactobacillus plantarum 1p813 (74.04%) (Zago et al., 2011). The
swallowed probiotic microorganisms generally encounter first biological barrier of

lysozyme of saliva in the mouth. The next barrier is gastric juice in stomach where the
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pH is between 1.5 and 3.0 and the upper part of small intestine, which contains bile
(Corzo and Gilliland, 1999).
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Fig. 6.3.3 Resistance of Pediococcus pentosaceus CRAG3 against biological
barriers. Percent growth of the isolate in presence of 100 pg/ml lysozyme
after 2 h, simulated gastric juice (pH 3.0) and bile salts at 0.3%, 0.5% and
1.0% (w/v) concentration.

6.3.2.2 Resistance to gastric juice

The resistance of P. pentosaceus CRAG3 towards gastric juice is shown in
Fig. 6.3.3. The number of CFU/ml before incubation with gastric juice of pH 2 and
pH 3 were 4 x 10® and 12.6 x 108, respectively. It showed resistance to simulated
gastric juice of pH 3.0 with 57.68+2.4% survival (7.2 x 10® CFU/ml) but no survival
was observed in pH 2.0. A lactic acid bacterium strain, Leuconostoc mesenteroides
isolated from intestine of snakehead fish (Channa striatus) showing growth at pH 3 to

7 was considered as probiotic (Allameh et al., 2012). According to Erkkild and Petdja
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(2000) the strains of Pediococcus acidilactici (P2), Lactobacillus curvatus (RM10),
and P. pentosaceus (FF) showed tolerance to acid (pH 3.0). The survival of P.

pentosaceus CRAG3 at pH 3.0 indicated that it could transit through the stomach.

6.3.2.3 Resistance to bile salts

P. pentosaceus CRAG3 showed 73.33+4.2% survival in presence of 0.3% bile
salts, 63.3+£1.5% survival in 0.5% and 50.0+2.1% survival in presence of 1.0% bile
salt concentration (Fig. 6.3.3). P. pentosaceus CRAG3 showed 8% higher survival
than P. pentosaceus Z13P, which showed 65% viable cells at 0.3% bile salt
concentration as reported by Yuksekdag and Aslim (2010). Bile composed of bile
acids, cholesterol, phospholipids and biliverdin (Carey and Duane 1994; Hofmann,
1994) and plays vital role in fat digestion and also as potent antimicrobial agent. The
human body contains bile salts in large intestine and the relevant physiological
concentrations of human bile range from 0.3% (Umezawa et al., 1983) to 0.5%
(Zavaglia et al., 1998). Thus, it is generally considered necessary to evaluate the
ability of potentially probiotic bacteria to resist the effects of bile acids (Collins et al.,

1998).

6.3.3 Bile salt hydrolase activity
6.3.3.1 Bile salt deconjugation

The appearance of halos (nearly 6 mm) around colonies after growth in MRS-
TDCA medium validated the ability of Pediococcus pentosaceus CRAG3 to
hydrolyze sodium salt of taurodeoxycholate (Fig. 6.3.4). The presence of precipitated

bile acid around colonies (opaque halo) confirmed the hydrolysis of bile salts.
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Normally the bile acids are conserved by enterohepatic recirculation. The
deconjugation of bile salts is an essential process only after which they can be
modified for further use (Batta er al., 1990). The inhibition of common intestinal
bacteria is related to the presence of free (deconjugated) bile acids rather than
conjugated ones (De Smet et al., 1995; Grill et al., 2000). The ability to hydrolyze
bile salts could help the microorganism in sustaining the balance of the gut microflora
(Rosenberg et al., 1980; Taranto et al., 1996). It has been suggested that bile salt
hydrolase (BSH) enzyme might be a detergent shock protein that enables LAB to

survive the intestinal bile stress (De Smet et al., 1995).

Fig. 6.3.4 Colonies of Pediococcus pentosaceus CRAG3 on MRS agar supplemented
with 0.5% sodium salt of taurodeoxycholic acid showing bile salts
hydrolase activity.
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6.3.3.2 Bile salt hydrolase activity assay

The bile salt hydrolase (BSH) activity obtained from cell extract of
Pediococcus pentosaceus CRAG3 was 1.04 U/ml which was in good agreement with
previously reported probiotic bacteria. This is also an important property exhibited by
a probiotic bacterium which signifies that barely soluble free bile acids formed by the
deconjugation of conjugated bile salts are hardly reabsorbed by the intestinal lumen as
compared to their conjugated counterpart. These bile salts are lost from the human
body through faeces (Center, 1993) and result in increased metabolism of cholesterol
due to which serum cholesterol reduces (Reynier et al., 1981). The probiotic bacteria
L. acidophilus ATCC 4356 and L. casei ASCC 290 showed 1.16 U/ml and 1.06 U/ml
BSH activity towards sodium taurocholate (Liong and Shah, 2005). The BSH activity
has also been reported in many probiotic routinely used strains such as Lactobacillus
(Batta et al., 1990; Bateup et al., 1995; De Smet et al., 1995; Elkins et al., 2001) and

Bifidobacterium (Grill et al., 1995; Kim et al., 2004; Kim et al., 2005).

6.3.4 Antibacterial assay

Pediococcus pentosaceus CRAG3 displayed antibacterial activity against all
three test microorganisms. The zone of inhibition observed by cell-free filtrate of
Pediococcus pentosaceus CRAG3 without neutralizing around Escherichia coli,
Bacillus subtilis and Staphylococcus aureus was 12+0.2 mm, 7£0.1 mm and 15%0.2
mm, respectively (Fig. 6.3.5). Similar results were observed in Pediococcus spp.
isolated from Turkish type fermented sausages which showed antibacterial activity
against Listeria monocytogenes, E. coli and Micrococcus flavus (Yuksekdag and

Aslim, 2010). No zone of inhibition was observed around wells containing neutralized
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cell-free filtrate of Pediococcus pentosaceus CRAG3 (Fig. 6.3.5). This might be due
to the inability of the isolate to form any bacteriocin. The antibacterial activity
exhibited by Pediococcus pentosaceus CRAG3 might be due to the production of
lactic acid, hydrogen peroxide or other acids. The production of lactic acid by
Pediococcus pentosaceus CRAG3 was analysed using the method as described in
Section 6.2.7. The isolate produced 145+3.27 mg lactic acid per ml of cell free
supernatant. Similar results were reported for Pediococcus spp. GS4 which produced
130 mg/ml lactic acid (Sukumar and Ghosh, 2010). Lactic acid bacteria have ability to
produce antimicrobial substances such as organic acids, hydrogen peroxide and
bacteriocins to inhibit the growth of pathogenic and spoilage microorganisms

(Herreros et al., 2005).

Fig. 6.3.5 Antibacterial activity of cell-free supernatant from Pediococcus
pentosaceus CRAG3. The wells contain cell-free filtrate from Pediococcus
pentosaceus CRAG3 without neutralizing (1, 2 and 3) and after
neutralizing (4 and 5); against (A) E. coli; (B) B. subtilis; (C) S. aureus.

6.3.5 Utilization of prebiotics
Prebiotics are non-digestible carbohydrates which selectively stimulate the

growth and/or activity of probiotic bacteria in the colon and thus improving the host
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health (Gibson and Roberfroid, 1995). The growth profile of Pediococcus
pentosaceus CRAG3 in presence of different prebiotics is shown in Fig. 6.3.6.
Pediococcus pentosaceus CRAG3 utilized inulin with 37.5% relative cell growth as
compared with glucose at 24 h. It proved to be better than previously reported
probiotic strains of Lactobacillus plantarum which were not capable of using inulin
within 24 h (Zago et al., 2011). However, it showed only 6% relative cell growth in
presence of raffinose as carbon source (Fig. 6.3.6). Metabolism of prebiotics is an
important feature observed in probiotics. The probiotic strains utilize different
combinations of prebiotic in a strain specific manner. This selective utilization of the

prebiotic by the putative probiotic strains, enhance their physiological benefits (Zago

etal.,2011).
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Fig. 6.3.6 Growth profile of Pediococcus pentosaceus CRAG3 in MRS medium
containing inulin, raffinose or glucose as carbon source at 37°C. The MRS
medium without any carbon source was taken as negative control
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6.4 Conclusions

The new isolate Pediococcus pentosaceus CRAG3 (GenBank accession no.
JX679020) from fermented cucumber was evaluated for probiotic properties by in
vitro studies. The probiotic potential of Pediococcus pentosaceus CRAG3 was
determined by analysing surface adhesive property, hydrophobicity and resistance to
biological barriers. The isolate showed 33% hydrophobicity after 20 min which
signifies the hydrophobic nature of its cell surface and significant factor in microbial
adhesion. It displayed 43% autoaggregation and 10% coaggregation with E. coli after
5 h which are also related to cell adhesion properties of a probiotic microorganism.
The coaggregation of Pediococcus pentosaceus CRAG3 with other microbes could
increase its colonization potential if it was to be used in mixed culture as probiotics. It
may also constitute an important host defence mechanism against infection, since it is
a potent producer of lactic acid (an inhibitor to pathogenic bacteria). It displayed good
adhesion property with mammalian cell lines (HelLLa and J774A.1) in in vitro
conditions which confirmed its ability to adhere with mammalian cells signifying in
competing with other microorganisms in gastrointestinal tract. The isolate also
showed ability to resist 100 ug/ml lysozyme for 2 h with 75.0% survival showing its
ability to resist the first biological barrier in mouth. P. pentosaceus CRAG3 displayed
tolerance against simulated gastric juice (pH 3.0) with 58% survival showing its
ability to transit through high acidic environment of stomach. It possessed tolerance
(73%, 63% and 50% survival) in presence of 0.3%, 0.5% and 1.0% (w/v) bile salts,
respectively, which are potent antimicrobial agents. Pediococcus pentosaceus CRAG3
also showed 1.04 U/ml bile salts hydrolase (BSH) activity with yellow halo (6 mm)

around colonies. It exhibited antibacterial activity against E. coli, S. aureus and B.
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subtilis which might be due to the production of lactic acid signifying its capability to
kill pathogenic microorganisms. Pediococcus pentosaceus CRAG3 displayed ability
to utilize prebiotics such as inulin and raffinose with 37.5% and 6%, respectively
relative cell growth which is also one of the important properties of a microorganism
to behave as probiotic. Based on above all results it could be concluded that
Pediococcus pentosaceus CRAG3 can serve as probiotic bacterium and with

glucansucrase and glucan producing ability could play potential role for functional

food applications.
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