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Preface

PREFACE

The present work embodied in the present thesis entitled “Isolation, purification and

characterization of polysaccharide and their use in the synthesis of metal

nanoparticles and study of biological activities.” wasinitiated on January, 2010.

This investigation was carried out in the Department of Chemistry and Chemica
Technology, Vidyasagar University, Midnapore-721102, West Bengal, India during the
period 2010-2016 under the supervision of Professor Syed Sirajul 1slam and Dr. Sumita
Roy, Department of Chemistry and Chemical Technology, Vidyasagar University,
Midnapore-721102, West Bengal, India.

The present thesis has been presented into five chapters.

Chapter-I

Part-A describes the general introduction of carbohydrates, polysaccharides, and
mushroom polysaccharides and aso their biological activities

Part-B represents the introduction of nanoparticles, polysaccharide stabilized

nanoparticles and their catalytic activities.

Chapter-I11

Part-A deals with the methodol ogies that included isolation, purification, determination of
the structure of polysaccharides, and biological studies.

Part-B deals with the methodologies for synthesis of polysaccharide stabilized gold
nanoparticles and their catalytic activity.

Chapter-111 deals structural characterization and immunological activities of the
polysaccharide isolated from hot aqueous extract of the fruit bodies of somatic hybrid
mushroom (pfle 1q) obtained through intergeneric protoplast fusion between Pleurotus
florida and Lentinula edodes.

Thiswork has been published in Bioactive Carbohydrates and Dietary Fiber, 2013, 1, 72-
80.



Preface

Chapter-1V contains structural characterization and study of immunomodulating
properties of another polysaccharide isolated from hot aqueous extract of the fruit bodies
of hybrid mushroom (pfle 1p), obtained through intergeneric protoplast fusion between
Pleurotus florida and Lentinula edodes.

Thiswork has been published in Carbohydrate Research, 2013, 374, 89-95.

Chapter-V deals with the green synthesis of gold nanoparticles using aqueous solution of
a hetero polysaccharide, extracted from the gum of Cochlospermum religiosum (katira
gum) and its effectiveness as a heterogeneous catalyst in the conversion of 4-nitrophenol
to 4-amino phenoal.

Thiswork was published in Physica E, 2012, 45, 130-134.

The papers have been appended to the end of the thesis.
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Abstract

The present thesis entitled “Isolation, purification and characterization of

polysaccharide and their use in the synthesis of metal nanoparticles and study of

biological activities” is divided into five chapters.

CHAPTER-I: This chapter is subdivided into two parts.

PART A: This pat of chapter-l describes the introduction of carbohydrates,
polysaccharides, especialy mushroom polysaccharides on which the present investigation
was carried out and some of their important biological activities. Carbohydrates are
essential constituents of all living organisms and have a variety of vital functions.
According to Robyt “Carbohydrates are polyhydroxy aldehydes or ketones or compounds
that can be derived from them by oxidation, reduction or replacement of different
functional groups.” These are generaly classified into four classes. monosaccharides,
disaccharides, oligosaccharides, and polysaccharides. The great bulk of the carbohydrates
in nature are present as polysaccharides, which are very large and complex molecules.
Almost al living organism like fungi, plant etc. produces polysaccharides which are made
up of chains of monosaccharides (the sugars) and linked together by glycosidic bonds.
According to their structural features, polysaccharides can be classified as- (1)
homopolysaccharides which are composed of one type of monosaccharides e.g. starch,
cellulose, dextran etc. and (2) heteropolysaccharides which are composed of different

monosaccharide units e.g. mannogal actan, xyloglucan, glucomannan etc.

Since the last few decades, polysaccharides from mushroom have drawn the attention of
chemist and immunobiologists due to their immunomodulatory and antitumor properties.
The main active components of the mushroom polysaccharides were proved to be the
glucans, specifically B-D-glucans which are important for their outstanding ability to
enhance and stimulate the immune systems and are thus regarded as typical biological
response modifiers (BRMs). They possess antitumor effect through host defence
mechanism against tumor without side effect. Except for [B-D-glucans severa
polysaccharides having different composition and structure also showed biological effects.
Currently, several mushroom polysaccharides isolated from Lentinus edodes,
Schizophyllum commune, Agaricus blazel, Grifola Frondosa, and Ganoderma lucidum are
widely used clinically as anti-tumor agents and many of them have been commercialized

throughout the world. The biological activities of polysaccharides depend on the
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molecular structure, molecular weight, size, branching frequency, structural modification,
conformation, and solubility. It is therefore important to determine the exact structure and

biological activity of the polysaccharides isolated from mushrooms.

PART B: This part deals with the discussion about synthesis of metal nanoparticles,
especially gold nanoparticles via green route and various applications of nanoparticlesin
different fields. Utilization of nontoxic chemicals, environmentaly benign solvents and
renewable materials are some of the key issues for green synthesis strategy of metal
nanoparticles. In recent years, biomolecules such as polysaccharides from plant and
mushrooms are used in the synthesis of gold nanomaterials. In this route, biomolecules
serve both as reducing and stabilizing agent. Microorganisms are also used for the
synthesis of gold nanoparticles. Among the various applications of metal nanoparticles,
the role of metal nanoparticles in the field of catalysis opens a new horizon. Metal
nanoparticles in particular gold nanoparticles serve as an effective catayst in the reduction
of various pollutants like 4-NP, the most common organic pollutant in industrial and
agricultural waste water. Green synthesis of metal nanoparticles and role of metal
nanoparticlesin the field of catalysis have been illustrated in this part.

CHAPTERHI: This chapter is also subdivided into two parts.

PART A: The methodologies that have been adopted during the whole course of the
research tenure to determine the structure of polysaccharides and immunomodulating
studies have been discussed in this part. The immunomodulating properties of the
polysaccharides depend on the size of molecule, branching rate and form. So, it is very
important to determine the exact structure of the polysaccharides. Purification of the
polysaccharides should be done carefully as slight contamination of foreign sugar leads to
wrong interpretation of the structure. The polysaccharide was purified using
chromatographic technique like gel permeation chromatography. The accurate structures
of the polysaccharides were determined using two types of methods:
(1) Chemical methods that include acid hydrolysis, methylation, and periodate oxidation
studies.
(2) Spectroscopic method comprising of 1D (*H, **C, and DEPT-135) and 2D NMR
(DQF-COSY, TOCSY, NOESY, ROESY, HSQC, and HMBC).

II
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The immunomodulating properties of different polysaccharides were examined by NO
production by macrophages using Griess reagent. The activation of splenocyte and
thymocyte tests were carried out in mouse cell culture medium with polysaccharide by the
MTT [3-(4,5-dimethylthiazol -2-yl)-2,5-di phenyltetrazolium bromide] method.

PART B: In this part the detailed procedure of the synthesis of the gold nanoparticles
(Au NPs) and the various techniques used in the characterization of the Au NPs have been
discussed. The Au NPs were synthesized using gum polysaccharide of Cochlospermum
religiosum (Katira gum) which acts as both reducing and stabilizing agent. The
synthesized Au NPs were characterized using UV-vis, HR-TEM, XRD, and FT-IR
techniques. The reduction of 4-NP to 4-AP by NaBH, in agueous phase was studied as a
model reaction to prove the catalytic activity of synthesized Au NPs.

CHAPTER-II: This chapter covers the isolation, purification, structural

characterization and immunomodulating properties of a polysaccharide (PS) isolated from
the edible hybrid mushroom pfle 1qg, obtained through intergeneric protoplast fusion
between Pleurotus florida and Lentinula edodes. Aqueous extract of fruit bodies of the
hybrid mushroom strain, pfle 1q yielded single polysaccharide fraction, named as PS.

& Structural analysis of PS

The PS showed a specific rotation of [0]p>*° + 50.08 (c 0.09, water). The apparent
average molecular weight of the PS fraction was estimated as 1.55 x 10° Da. The GLC
analysis of the aditol acetates of the hydrolyzed product of PS confirmed the presence of
mannose and galactose in a molar ratio of nearly 1:2. The absolute configuration of the
monosaccharides was determined as D. The GLC-MS analysis of partially methylated
alditol acetates revealed the presence of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-
mannitol, 1,5,6-tri-O-acetyl-2,3,4-tri-O-methyl-D-galactitol, 1,2,5,6-tetra-O-acetyl-3,4-di-
O-methyl-D-galactitol in amolar ratio of nearly 1:1:1. Thus, PS was assumed to consist of
termina D-mannopyranosyl, (1- 6)-linked D-galactopyranosyl, and (1- 2,6)-linked D-
gaactopyranosyl moieties respectively. These linkages were further confirmed by
periodate oxidation experiment. The GLC-MS analysis of the alditol acetates of periodate
oxidized, reduced, methylated PS showed total disappearance of sugar residues. These
results indicated that all the sugar residues were consumed during oxidation. Thus, the

mode of linkages present in the PS was confirmed.

I11



Abstract

The *H NMR spectrum of PS showed the presence of three signals in the anomeric region
at 6 5.14, 5.00 and 4.81 in a ratio of nearly 1:1:1. They were designated A, B, and C
according to their decreasing proton chemical shifts. Three signals in the anomeric region
of *C spectrum at & 101.6, 98.3, and 97.8 correlated to the residues C, A, and B
respectively from HSQC spectrum. The rest of the *H and **C signals were assigned from
DQF-COSY, TOCSY, and HSQC experiments. The proton coupling constants were
measured from DQF-COSY experiment.
On the basis of proton and carbon chemical shifts, proton-proton coupling constants, and
C-1, H-1 coupling constants, al the sugar residues were assigned as follows:

Residue A: (1—2,6)-linked a-D-galactopyranosyl residue.

ResidueB: (1—6)-linked a-D-galactopyranosyl residue

Residue C:  terminal 3-D-mannopyranosyl residue
The different linkages that connected these three residues were determined from ROESY
as well as NOESY spectrum. In ROESY spectrum, the inter-residual connectivities were
observed between AH-1/BH-6a and BH-6b, BH-1/AH-6a and AH-6b, and CH-1/AH-2
along with other intra-residual contacts. Thus, from ROESY spectrum the following
linkages were established.

A B B A
- 6)-0-D-Galp-(1- 6)-a-D-Galp-(1 - - 6)-0-D-Galp-(1 - 6)-a-D-Galp-(1 -
2 2
1 1
C A
B-D-Manp-(1 - 2)-0-D-Galp-(1 -
6

1

These connectivities were further confirmed from HMBC experiment. In HMBC spectrum
the inter-residual cross-peaks were observed between AH-1/BC-6, AC-1/BH-6a and BH-
6b, BH-1/AC-6, BC-1/AH-6a and AH-6b, CH-1/AC-2, and CC-1/AH-2. Thus, the HMBC
and ROESY connectivities clearly supported the presence of the following repeating unit
in the PS:

IV
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A B
- 6)-a-D-Galp-(1- 6)-a-D-Galp-(1 -
2
1
1
B-D-Manp
C

¥ Immunomodulating properties of PS

Mushroom polysaccharides function as immunostimulator by activating the macrophages.
Macrophages are white blood cells which play key roles in immune system defense. They
usually engulf and destroy bacteria and viruses. Hence, macrophage activation induced by
the PS was tested in vitro. On treatment with different concentrations of this PS it was
observed that 25% to 34% of NO production increased up to 25 pg/mL. This was further
increased by 87% to 114% at 50 and 100 pg/mL respectively, but decreased at 200 pg/mL.
Hence, an enhanced production of NO i,e. the effective dose of this PS was observed at
100 pg/mL with optimum production of 12.8 pM NO per 5 x 10° macrophages.
Proliferation of splenocyte and thymocyte is an indicator of immunostimulation. The
splenocyte and thymocyte activation tests were carried out in mouse cell culture medium
with the PS by the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
method. The splenocyte and thymocyte proliferation indices as compared to PBS control if
closer to 100 or below indicate low stimulatory effect on immune system. Both the
splenocyte and thymocyte proliferation indices were found maximum at 50 ug/mL, above
and below which it decreases. Hence, it can be concluded that 50 pg/mL is the optimum

concentration of the PS for splenocyte and thymocyte proliferation.

CHAPTER-V: This chapter describes the isolation, purification, and structural

characterization and immunomodulating properties of a polysaccharide (PS-1) isolated
from the edible hybrid mushroom pfle 1p obtained through intergeneric protoplast fusion
between Pleurotus florida and Lentinula edodes. Aqueous extract of fruit bodies of the
hybrid mushroom strain, pfle 1p yielded two polysaccharide fractions named as PS-1 and
PS-II.

& Structural analysis of PS-I
The PS-I showed specific rotation [a]p>>? +32.6 (c 0.886, water). The average molecular
weight of PS-| was estimated as ~2.1 x 10° Da from a cdlibration curve prepared with

\%
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standard dextrans. GLC analysis of alditol acetates of hydrolyzed product of PS-I
confirmed the presence of glucose, galactose, and mannose almost in aratio of 4:2:1. The
absolute configuration of the sugar residues were determined as D. The GLC-MS analysis
of partially methylated alditol acetates of PS-I revealed the presence of seven peaksin a
molar ratio of nearly 1:1:1:1:1:1:1. The peaks were assigned as

1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-glucitol
1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl -D-mannitol
1,5,6-tri-O-acetyl-2,3,4-tri-O-methyl-D-gal actitol
1,5,6-tri-O-acetyl-2,3,4-tri-O-methyl-D-glucitol
1,3,5-tri-O-acetyl-2,4,6-tri-O-methyl-D-glucitol
1,3,4,5-tetra-O-acetyl-2,6-di-O-methyl-D-glucitol
1,2,5,6-tetra-O-acetyl-3,4-di-O-methyl-D-gal actitol

Thus, PS| was assumed to be consist of terminal D-glucopyranosyl, and D-
mannopyranosyl, (1- 6)-linked D-galactopyranosyl, (1- 6)-linked D-glucopyranosyl,
(1- 3)-linked D-glucopyranosyl, (1- 3,4)-linked D-glucopyranosyl, and (1- 2,6)-linked
D-galactopyranosyl moieties, respectively. These linkages were further confirmed by
periodate oxidation experiment. The GLC-MS analysis of the alditol acetates of periodate
oxidized, reduced and methylated PS-1 showed the presence of 1,3,4,5-tetra-O-acetyl-2,6-
di-O-methyl-D-glucitol and 1,3,5-tri-O-acetyl-2,4,6-tri-O-methyl-D-glucitol in a molar
ratio of nearly 1:1. These results clearly indicated that the all other moieties except
(1- 3,4)-linked D-glucopyranosyl and (1 - 3)-linked D-glucopyranosyl were consumed
during oxidation. Thus, the mode of linkages present in the PS-1 were confirmed.

The 'H NMR spectrum showed seven peaks in the anomeric region. The peaks were
observed at 6 5.35, 5.12, 4.98, 4.78, 4.75, 4.51, and 4.49 in aratio of nearly 1:1:1:1:1:1:1.
They were designated as A, B, C, D, E, F, and G according to their decreasing proton
chemical shifts. Seven peaks in the anomeric region of *3C spectrum at 5 97.8, 98.2, 99.7
101.7, 102.4, 102.5, and 102.8 correlated to the residues C, B, A, D, E, F, and G,
respectively from the HSQC spectrum. All the *H and *C signals were assigned using
DQF-COSY, TOCSY, and HSQC experiments. The proton coupling constants were
measured from DQF-COSY experiment.

On the basis of proton and carbon chemical shifts, proton-proton coupling constants, and

C-1, H-1 coupling constants, al the sugar residues were assigned as follows:

VI
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Residue A:  (1->6)-linked a-D-glucopyranosyl residue

ResidueB: (1—2,6)-linked a-D-galactopyranosyl residue

ResidueC: (1—6)-linked a-D-galactopyranosyl residue

Residue D:  terminal -D-mannopyranosyl residue

ResidueE:  (1- 3)-linked [-D-glucopyranosyl residue

ResidueF:  (1- 3,4)-linked -D-glucopyranosyl residue

Residue G:  terminal B-D-glucopyranosyl residue
The different linkages that connected these seven residues were determined from NOESY
as well as ROESY spectrum. In NOESY spectrum, the inter-residual connectivities were
observed between AH-1/BH-6a; AH-1/BH-6b; BH-1/CH-6a; BH-1/CH-6b; CH-1/EH-3;
DH-1/BH-2; EH-1/FH-3; FH-1/AH-6a; FH-1/AH-6b; GH-1/FH-4 along with other intra-
residual contacts. Finally, these connectivities were confirmed from HMBC spectrum. In
this spectrum the inter-residual cross-peaks were observed between AH-1/BC-6; AC-
1/BH-6a and BH-6b; BH-1/CC-6; BC-1/CH-6a and CH-6b; CH-1/EC-3; CC-1/EH-3;
DH-1/BC-2; DC-1/BH-2; EH-1/FC-3; EC-1/FH-3; FH-1/AC-6; FC-1/AH-6a and AH-6b;
GH-1/FC-4; and GC-1/FH-4. Thus, the probable structural motif present in PS-I was
established as:

E F A B C
- 3)-B-D-Glcp-(1 - 3)-B-D-Glcp-(1 - 6)-a-D-Glep-(1 - 6)-a-D-Gal p-(1 - 6)-a-D-Galp-1 -
4 2
1 1
1 1
B-D-Glcp B-D-Manp
G D

& Immunomodulating properties of PS-I

To test immunomodulatory effects of PS-1, murine macrophages were incubated with PS-|
in a humidified atmosphere of 5% CO, at 37 °C for 48 h and the production of nitric oxide
(NO) was measured using Griess reagent (1:1 of 0.1% in 1-napthylethylenediamine in 5%
phosphoric acid and 1% sulfanilamide in 5% phosphoric acid). On treatment with different
concentrations of the PS-I, it was observed that NO production increased with increase in

concentration up to 50 pg/mL with optimum production of 19.27 pM NO per 5 x 10°
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macrophages at 50 pug/mL which subsequently decreased with increase in concentration.
Hence, the effective dose of the PS-I for macrophage activation was 50 pg/mL.
Splenocyte is the cells present in the spleen that include T cells, B cells, dendritic cells,
etc. that stimulate the immune response in living organism whereas thymocyte is the
hematopoietic cells present in thymus and the primary function of which is the generation
of T «cels. Proliferation of splenocyte and thymocyte is an indicator of
immunostimulation. Splenocyte and thymocyte proliferation in the presence of PS-I was
used to evaluate cell stimulatory effects on the immune cell activation. Both the
splenocyte and thymocyte proliferation indices were found maximum at 50 pg/mL, above
and below which it decreases. Hence, it can be concluded that 50 pg/mL is the optimum

concentration of the PS-1 for splenocyte and thymocyte proliferation.

CHAPTER-V: A green synthesis of gold nanoparticles (Au NPs) using agueous

solution of a hetero polysaccharide, extracted from the gum of Cochlospermum religiosum
(katira gum), has been demonstrated in this chapter. Here, the hetero polysaccharide plays
the role of both reducing and stabilizing agent.

& Synthesis and characterization of Au NPs

For the synthesis of Au NPs, 2 mL aqueous solution of chloroauric acid (HAuCl,) with a
concentration of 10° M was added to 6 mL 0.2 % (w/v) agueous polysaccharide solution.
The mixture was then heated at 70 °C for 6 h with continuous stirring on a magnetic stirrer
and UV-vis spectra of the reaction mixture were recorded at different time interval till the
completion of the reaction. A pale pink color was appeared after 10 min of the reaction
and the color was gradualy intensified as the reaction was continued with heating. A
typical plasmon resonance band at 544 nm appeared after 1 h indicating formation of Au
NPs. The intensity of the absorption band gradually increased and the maximum intensity
of absorption was attained after 6 h of the reaction. This gradual increase in the absorption
band is attributed to the fact that Au NPs concentration increases in the media as the
reduction reaction proceeds. After 6 h, no significant change in intensity at 528 nm was
observed which indicated almost complete reduction of Au*®. The shifting of surface
plasmon absorption maxima from 544 nm to a fixed value 528 nm at 6 h may be due to
decrease in particles size.

The shape, morphology, and size distribution of the Au NPs were analyzed using high
resolution transmission electron microscopy (HR-TEM). HR-TEM image showed that the
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particles are mostly spherical with a few having rod and decahedra morphology. The
average size of the particlesis 6.9 nm as revealed from particle size distribution histogram.
The SAED pattern showing rings ascribed to (111), (200), (220), (311), and (331) planes
exhibited the face centered cubic (fcc) crystaline structure of gold. The crystalline nature
of Au NPs was further confirmed by X-ray diffraction (XRD) analysis. A typica XRD
pattern exhibited peaks at 38.22°, 44.40°, 64.51°, and 77.49° that can be indexed to the
(1112), (200), (220), and (311) facets, respectively of fcc gold. In order to investigate the
interaction of Au NPs with the polysaccharide, FT-IR experiment of both the
polysaccharide and Au NPs-polysaccharide bioconjugates were carried out. In the FT-IR
spectrum of polysaccharide, two partially overlapped pesks at 1071 and 1043 cm™ were
assigned to C-OH stretching along with a broad stretching peak at 3428 cm™ for hydroxyl
group and awesak band at 2935 cm™ for aiphatic C-H stretching. In the FT-IR spectrum of
Au NPs-polysaccharide bioconjugates two overlapped peak at 1071 and 1043 cm™ merged
to give asingle peak at 1044 cm™, which is possibly due to the interaction of Au*™ with the
oxygen of hydroxyl group (C-OH) from polysaccharide. The peaks for hydroxyl group
(3400 cm™), aiphatic C-H (2924 cm™) and C-OH (1044 cm™) are also appeared in the
spectrum of Au NPs-polysaccharide bioconjugates which are the characteristic peaks of
polysaccharides. So, it can be believed that there is some interaction between the Au NPs
and polysaccharide with the help of which the Au NPs attain stability.

& Catalytic activity of Au NPs-polysaccharide bioconjugates

To investigate the catal ytic activity of Au NPs-polysaccharide bioconjugates, the reduction
of 4-nitrophenal (4-NP) to 4-aminophenol (4-AP) by NaBH, in aqueous phase was chosen
as a model reaction. The absorption peak of 4-NP was red shifted from 317 to 400 nm
immediately after the addition of NaBH, solution, which also associated with a color
change of 4-NP solution from yellow to yellow green due to formation of 4-
aminophenolate ion in akaline condition. The absorption peak at 400 nm remained
unaltered for a long duration in absence of Au NPs-polysaccharide bioconjugates. In
contrast, with the addition of Au NPs-polysaccharide bioconjugates, the absorption peak
height at 400 nm successively decreased with a concomitant appearance of two new
absorption peaks around 230 and 300 nm with time, which was because of the generation
of 4-AP. The blank experiment by adding only the hetero polysaccharide into the aqueous
solution of 4-NP and NaBH,4 mixture, did not change the color or absorption peak of 4-
nitrophenolate ions for more than 24 h, which clearly demonstrated that the reduction of 4-
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NP by NaBH, is solely activated by Au NPs-polysaccharide bioconjugates. The formation
of 4-AP in the catalytic reaction was further confirmed by the *H NMR study in De-
DMSO. Astheinitial concentration of NaBH, largely greater than the initial concentration
of 4-NP, it can be assumed that concentration of NaBH,4 remains constant with time during
the reaction. Hence, the reaction rate is independent on the concentration of NaBH4. So
pseudo-first-order rate kinetics with respect to 4-NP concentration was used to evaluate
the rate of the reaction and reaction rate constant is determined to be 2.67x102 min'™,
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Chapter-I: Part-A Introduction to carbohydrates and polysaccharides

1.A.1. CARBOHYDRATES

Carbohydrates are the most abundant group of organic compounds found in nature. They

originate as the product of photosynthesis and play crucia role to sustain life on the Earth.
They serve as magjor source (sugars) and storage of energy (starch, fructan, and glycogen).
They aso serve as structural components such as cellulose in plants and chitin in some

animals. They play the role of information transfer agent as a part of nucleic acids.

Carbohydrates are generally defined as organic compounds made up of carbon, hydrogen,
and oxygen with the formula C4(H.O),. The name carbohydrates (i.e. hydrates of carbon)
are so called because they contain hydrogen and oxygen in the same proportion as in
water. Although a large number of carbohydrates fit with this general formula but certain
compounds such as formadehyde (HCHO), acetic acid (CH3COOH), and lactic acid
(CH3CHOHCOOH), which have got the same empirical formula, are not regarded as
carbohydrates. On the other hand some compounds like rhamnose (C¢H120s) and uronic
acids do not conform to the formula, athough they are regarded as carbohydrates.
According to Robyt [1] the more comprehensive definition of carbohydrate is
“Carbohydrates are polyhydroxy aldehydes or ketones, or compounds that can be derived
from them by oxidation, reduction or replacement of different functional groups”.

¢ Classification of carbohydrates

Carbohydrates are generally classified as monosaccharides, disaccharides,

oligosaccharides, and polysaccharides.

& Monosaccharides are the most fundamental units of carbohydrates consisting of
polyhydroxy adehydes or polyhydroxy ketones. They cannot be further hydrolyzed into
smaller carbohydrate unit. They are usually colorless, water soluble, and crystalline solids.
The most abundant monosaccharide in nature is the D-glucose. A few other examples of

monosaccharide are mannose, galactose, fructose, ribose, arabinose etc.

& Disaccharides are produced when two monosaccharides undergo a condensation
reaction involving the elimination of one molecule of water along with the formation of a
glycosidic bond. Based on the monosaccharide composition, disaccharides are of two
categories namely homogeneous and heterogeneous disaccharide. They can also be
divided as reducing and non-reducing types depending upon whether they possess a free

hydroxyl group on anomeric carbon or not. Lactose and sucrose are the most important
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naturally occurring disaccharides. Lactose, made up of galactose and glucose and sucrose
made up of glucose and fructose, are two important disaccharides present in the milk and

sugar cane, respectively.

& Oligosaccharides are joined together with three to nine monosaccharide units by
glycosidic linkages and on hydrolysis it generates 3 to 9 monosaccharide units. Depending
on the number of monosaccharide units, they are called trisaccharides, tetrasaccharides,
pentasaccharides etc. Raffinose, maltotriose (trisaccharide) and stachyose (tetrasaccharide)
are the example of oligosaccharides. Maltotriose is composed of three glucose units

whereas raffinose is formed by glucose, galactose, and fructose units.

& Polysaccharides are those compounds in which more than 9 monosaccharide units are
joined together by glycosidic bonds.

1.A.2. POLYSACCHARIDES

Polysaccharides are considered as the first biopolymers formed on Earth [2]. They are
polymeric carbohydrate molecules composed of 10 to several thousand monosaccharide
units joined together by glycosidic linkages and on hydrolysis give the constituent
monosaccharides or oligosaccharides. They range in structure from linear to highly
branched.

¢ Classification of polysaccharides

& On thebasisof function

e Storage polysaccharides- The polysaccharides which serve as energy storage in
plants and animals are called storage polysaccharides. E.g. starch, glycogen, inulin
etc.

e Structural polysaccharides- The polysaccharides which have structural roles in
plant cell wall or exoskeleton of insects are called structural polysaccharides. E.g.

cellulose, chitin, arabinoxylans etc.
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& On the basis of composition

e Homopolysaccharides- Polysaccharides which consist of only one kind of
monosaccharide units are called homopolysaccharides. E.g. starch, glycogen,
cellulose, chitin, inulin etc.

e Heteropolysaccharides- Polysaccharides which consist of different types of
monosaccharide units are caled heteropolysaccharides. E.g. arabinoxylan, pectin,

glucomannan, xyloglucan, galactomannan etc.

& On thebasis of charge

e Neutral - cellulose, starch, amylose, guar gum etc.
¢ Anionic - alginates, xanthan, gellan, gum arabic etc.

e Cationic — chitosan

& On thebasisof structure

e Linear - cellulose, adiginates, amylose etc.

e Branched — amylopectin, gum arabic, arabinoxylan etc.

*%* Structure and function of some common Polysaccharides

® Starch

Pure starch is white, tasteless, and odorless powder that is insoluble in cold water.
Most of the green plants produce starch as an energy store. Potato, rice, wheat,
sorghum, and maize (corn) are the major sources of starch in human diet. It generally
consists of two types of molecules, 20-25% amylose and 75-80% amylopectin [3].
Both of them consist of polymers of a-D-glucose units. Amylose is a linear glucose
polymer with a-(1-4) glycosidic linkages [Figure 1], whereas amylopectin is a
branched glucan composed of (1-4)-0-D-Glcp and (1- 4,6)-0-D-Glcp residues
[Figure 2].
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Figure 1. a-Amylose, the linear component of starch.

Figure 2. Amylopectin, (1 - 4)-0-, (1 - 6)-a-D-glucose polymer.

® Glycogen
Glycogen is the storage form of glucose in animals which is analogous to the starch in
plants. It is a homopolysaccharide having same structure as amylopectin with more
extensive branching. Animals use it for the short-term storage of food energy. It is

stored mainly in liver and muscles of animals, and is called as 'animal starch'.
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® Cedllulose
Cellulose is the most abundant organic polymer on Earth [4]. It is the main constituent
of the cell wall in all green plants [5]. It is an odorless, biodegradable fibrous polymer
which is insoluble in water and most organic solvents. Cellulose [Figure 3] is high
molecular weight polymer of (1 - 4)-B-linked-D-glucopyranosides [6,7]. In contrast to
starch, B-D-glucose is oriented with —CH,OH groups alternating above and below the
plane of the cellulose molecule thus producing long linear chain. The digestive enzyme
of most animals including human beings cannot attack its B-(1 - 4)-linkages although
these can digest starch, composed of glucose having a-(1- 4)-linkage. Some animals,
such as cows, horses, sheep and goats can digest cellulose due to presence of bacteriain

their digestive tracts.

OH CH
1 CH ; , CH /]
. C Ko Cﬁ/ HE C
HC C / HC U ¢
CH C CH
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Figure 3. Cellulose, 3-(1 - 4) linked glucose polymer.

® Pectin

Pectin is a complex set of heterogeneous polysaccharides containing galacturonic acid
or its ester in the backbone [Figure 4]. They are present in most primary cell walls of
terrestrial plants as cementing materials. These are an important part of human diet but
do not play a significant role to nutrition. Apples, quinces, plums, gooseberries, guavas,
oranges and other citrus fruits are rich source of pectin whereas soft fruits like cherries,
grapes, and strawberries contain little amount of pectin. It is mainly used as gelling
agent, thickening agent for the production of jams and jellies. It is aso used in fillings,
medicines, sweets, as a stabilizer in fruit juices and milk drinks, and as a source
of dietary fibre[8].
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Figure 4. Pectins contain o-(1 - 4) linked galacturonic acid or its ester in the backbone.

® Chitin
Chitin is a long-chain polymer of B-(1- 4)-linked N-acetylglucosamine [Figure 5], a
derivative of glucose. It is the main constituent of exoskeletons of arthropods (e.g.
crabs, lobsters, and shrimps) and insects, the cell walls of fungi, the radulas of molluscs
and the beaks of cephalopods including octopuses. It is used as ion-exchange resins in
water purification system and also as fertilizer. Surgical thread can be made from chitin

because of its strength and flexibility. It accel erates healing of wounds in human [9].
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Figure5. Chitin, a3-(1 - 4)-linked N-acetyl glucosamine polymer.

e Hyaluronic acid

It is a linear polymer of disaccharides of D-glucuronic acid and N-acetyl-D-
glucosamine linked via alternating B-(1- 4) and -(1 - 3) glycosidic bonds [Figure 6].
Hyaluronic acid is found in the skin, vitreous humour of the eye, as a coating around
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the ovum and in certain bacteria. It acts as a cementing substance in connective tissue.
It is also present in the synovial fluid of joints, where its viscosity makes it a good

lubricant.
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Figure 6. Hyaluronic acid, consisting of disaccharide repeating unit of glucuronic acid and

N-acetyl glucosamine.

1.A.3. MUSHROOMS

¢ Description

Mushrooms have been valued by human kind as an edible and medica resource.
According to Chang and Miles “Mushroom’ is “a macro fungus with a distinctive fruiting
body which can be either hypogenous or epigeous, large enough to be seen with the naked
eye and to be picked by hand” [10]. The fruiting body of mushroom is umbrella like with
various shapes, size and color. They are found in soil, on decomposing leaves and in

mulch and compost. A mushroom and its various parts have been shown in Figure 7.
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Figure 7. A true mushroom.
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About 1, 40,000 mushrooms are reported to exist on Earth; 10 % of these mushrooms have
been identified today, about 50 % of which are considered to possess varying degrees of
edibility and more than 2000 mushrooms are safely edible and about 700 species are
known for possessing significant pharmacological properties[11,12].

’ L L3 L3
*%* Chemical composition

Mushrooms contain ~ 90% water by weight. The remaining portion (10%) consists of 10-
40% protein, 2-8% fat, 3-32% fibre, 3-28% carbohydrate, and 8-10% ash with potassium,
calcium, phosphorus, magnesium, iron, zinc, and copper [13]. Various kind of vitamins
mainly niacin, thiamine, riboflavin, biotin, and vitamin C are found in mushrooms. They
also contain a wide variety of bioactive molecules including terpenoids, steroids, phenols,

nucleotides, glycoproteins, and polysaccharides.

+** Nutritive value

Mushrooms have long been considered as a source of powerful nutrients. Mushrooms are
low-calorie food usualy eaten cooked or raw and as garnish to a mea. Mushrooms are
being extensively used in many countries for food and fodder [14-16]. They are rich in
high quality protein, minerals, and vitamins but low in fat content. Due to their high
content of protein, mushrooms are considered as “poor man’s protein” [17]. Studies on a
number of species of mushrooms have shown that the protein part of some mushroomsis
equal to muscle protein in nutritive value. Chemical analyses have shown that the
composition of amino and fatty acids, vitamins, minerals etc., in the main commercial

mushrooms is comparabl e to meats and higher than fruits and vegetables.

*¢* Medicinal properties

Mushrooms have been used in folk medicine throughout the world since ancient times and
considered to be one of the most useful antitumor agents for clinical uses [11]. Currently
mushroom derived substances having antitumor and immunomodulating properties are
used as dietary supplements or drugs [18]. Different parts of the mushroom are being used
for the treatment of blood sugar, high blood pressure, as well as for the beauty treatment
[11].
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¢ Hybrid mushroom

The present investigation was carried out with the polysaccharides isolated from hybrid
mushrooms. Quality traits within the gene pool of any particular edible mushroom species
are limited. Development of new hybrid strains are therefore needed in order to introduce
important qualitative and quantitative traits like high bio-effeciency, high temperature
tolerance, enhanced shelf life and shorter cropping periods within a gene pool. Production
of hybrid mushroom strains through para-sexual mating is well known. Protoplast fusion
proved to be a feasible method for inter-specific and inter-generic hybridization for strain
improvement among edible mushrooms [19]. There are number of reports on production
of hybrid mushroom through inter-generic protoplast fusion. Severa hybrid fruit bodies
e.g. PC H8, PC H11, PC H17, and PC H18 were prepared through protoplast fusion
between two edible strains Pleurotus florida and Calocybe indica [20]. Protoplast fusion
of Pleurotus florida and Volvariella volvacea produced two new fruit bodies PfloVvlaFB
and Pflow5FB [21]. Twelve inter-generic somatic hybrids named as pfls were produced
through PEG-mediated protoplast fusion between Pleurotus florida and Lentinus
squarrosulus using double selection method [22].

1.A.3.1. MUSHROOM POLYSACCHARIDES

Polysaccharides are the most potent mushroom derived substances with antitumor and
immunomodulating properties [23-27]. Mushrooms are potential source of different
polysaccharides like chitin, hemicelluloses, glucans, and heteroglycans. Mushroom
polysaccharides are present mostly as glucans with different types of glycosidic linkages,
such as (1—6)-p-D-glucan, (1—3)-, (1—>6)-B-D-glucans, (1—3)-a-D-glucans, and some
are true heteroglycans. In some mushroom species, active polysaccharides bound with
proteins or peptides are known as polysaccharide-protein or polysaccharide-peptide
complex [28].

% Structures and biological activities of mushroom

polysaccharides
A wide range of biologically active polysaccharides of different chemical structures from
mushrooms have been investigated. Study on medicinal properties of mushroom
polysaccharides included antitumor, immunomodulating, antioxidative, antiflammatory,
antiviral, antithrombotic, antimicrobial, cytotoxic, and antidiabetic effects [29-37]. The
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most important molecule isolated from mushrooms is [-D-glucans. B-D-glucans are
composed of D-glucose monomers, joined together by [-glycosidic linkages. The
structures of the several biologically active linear and branched B-glucan have been
reported. There are series of report on B-glucans regarding to their antitumor and
anticancer activities [38,39]. It appears that the most active forms of [-glucans contain
(1—3), (1»6) linkages. B-D-(1—3,1—6)-linked glucans have the ability of enhancing and
stimulating the immune system of humans and thus called biological response modifiers
(BRMs) [40]. Glucans having a- or both a- and B- linkages are also isolated in different
mushrooms [41-44]. (1- 3)-a-D-glucan derivatives also show important medicinal
properties [45,46]. Linear low molecular weight (1 - 4)-a-D-glucan is also used as an
immunomudulator and anticancer agent [47,48]. Besides glucans, polysaccharides having
other chemical structures, such as hetero glycans [49], B-glucan-protein [50], a-manno-f3-
glucan [47], heteroglycan-protein complexes [51] aso exhibit antitumor activity.

The activity of mushroom polysaccharide depends greatly on the molecular structure,
molecular weight, size, branching frequency, structural modification, conformation and
solubility [52]. It is true that structural features such as B-(1—3) linkages in the main
chain of the glucan and additiona B-(1—6) branch points are needed for antitumor action.
-glucan containing mainly (1—6) linkages have less activity [52]. High molecular weight
glucans appears to be more effective than those of low molecular weight [53,54]. The
immune functions of mushroom polysaccharides apparently depend on their conformation
complexity. It has been suggested that higher degree of structural complexity is associated
with more potent immunomodulatory and anti-cancer effects. Polysaccharides that form
triple-helical conformation have clinical applications for the treatment of cancers like
human breast cancer (M CF-7), human promyeloctytic leukemia (HL-60) and human liver
cancer (HpG2) [35]. Solubility in water is one of the more important characteristics of
mushroom polysaccharides. In mushrooms, B-glucans are present either in their water
soluble or insoluble form. The biological activity of water soluble form, however, has
been shown to be much greater in humans and animals and to more pronounced effect on
thelr immune systems [52]. It has been found that structural modifications sometime
improve the medicinal properties and water solubility of mushroom polysaccharides. The
procedures used for modification of mushroom polysaccharides are Smith degradation,

formolysis, and carboxymethylation. A water insoluble, akali soluble linear (1 - 3)-a-D-
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glucan obtained from Amanita muscaria and Agrocybe aegerita had little antitumor effect,

while carboxymethylated products showed potent antitumor activity [46,55].

’ L3 L4 L3 L3
*%* Some important immunomodulating and antitumor

mushroom polysaccharides

® | entinan, produced from Shiitake mushroom, Lentinus edodes, is a (1—3)-, (1—-6)-B-
D-glucan. It was first isolated and studied by Chihara et a. who demonstrated that its
antitumor effects were greater than other mushroom polysaccharides [56]. It
stimulates the production of white blood cells in the human cell line U937 [57].
Clinical studies of cancer patients treated with lentinan showed a higher survival rate,

higher quality of life and lower re-occurrence of cancer [58-60].

® Schizophyllan is the polysaccharide derived from the mushroom Schizophyllum
commune. The polysaccharide schizophyllan shows antitumor activity against both
the solid and ascite forms of Sarcoma 180, as well as against the solid form of
Sarcoma 37, Erlich Sarcoma, Y oshida Sarcoma and Lewis lung carcinoma [61]. Early
clinical studies with schizophyllan in combination with conventional chemotherapy
(tegafur or mitomycin C and 5-fluorouracil) in a study of 367 patients with gastric
cancer showed significant increase in median survival [62]. In a randomized
controlled study of schizophyllan in combination with radiotherapy, showed that it
significantly prolonged the overal survival of stage Il cervica cancer patients
[63,64].

® Krestin, a unique protein bound polysaccharide (PSK), was developed from turkey
taill mushroom Trametes versicolor. It contains 75% glucan and 25% protein [65].
PSK' has remarkable immunostimulating activity and exhibits a marked effect against
different types of tumors. With regard to its antitumor properties, it acts directly on
tumor cells, as well as indirectly in the host to boost cellular immunity [66,67]. It has
shown antitumor activity in animals with adenosarcoma, sarcoma, melanoma,
carcinoma, plasmacytoma, fibrosarcoma, mastocytoma, mammary, colon and lung

cancer [68].

® Agarican, the polysaccharide isolated from Agaricus blazei was shown to be a
stimulant of immune system, promoting body’s natural defense mechanisms to fight a

variety of infectious agents and conditions, including cancer. The immunostimul ating
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activity and antitumor action of Agaricus blazel extracts were investigated against
Sarcoma 180 and fibrosarcoma tumor-bearing mice [69,70]. Seven polysaccharide
fractions obtained from A. blazel fruit bodies were demonstrated to have antitumor
activity [71]. A new antitumor polysaccharide, (1—2)-, (1—3)-p-D-glucomannan [72]
active against Sarcoma 180 was recently separated from liquid cultured mycelium of

Agaricus blazel.

Studies have shown that (1—3)-, (1—>6)-B-D-glucan (Grifron-D) derived from another
mushroom Grifola frondosa (also known as Maitake) have strong antitumor activity [73].
It has been shown to have a cytotoxic effect on human prostate cancer cells (PC9) in vitro,

possibly acting through oxidative stress and causing 95% cell death by an apoptosis [74].

’ L4 L3 L L L
*%* Mechanism of antitumor and immunomodulating action

of mushroom polysaccharides

Mushroom polysaccharides exert their antitumor action by stimulating the immune
response of the host organism. These substances are regarded as biologica response
modifiers, BRMs [40] as they modify the host’s biological response by stimulation of the
immune system and causing no harm to the body. Mushrooms polysaccharides do not
attack cancer cell directly, but they exhibit antitumor properties by stimulating
macrophages such as natural killer cells (NK-cdl), T-cell, B-cell and macrophage-
dependent immune systems [52]. 3-Glucans can stimulate macrophages [75], neutrophils
[38], and NK cells [76] and thereby destroy the sensitive tumor cells. It can promote T
cell-specific responses [ 77] through triggering the secretion of IFN-g, IL-6, IL-8, and IL-
12 from macrophages, neutrophils, and NK cells [78]. A possible pathway of the
biological action of 3-D-Glucan has been represented in Figure 8.

Lentinan appears to act as a host defence potentiator (HDP) which is able to restore or
boost the responsiveness of host cells to lymphocytokynes, hormones and other
biologically active substances by stimulating maturation, differentiation or proliferation of
cells involved in host defence mechanism [79]. HDP is functionally different from BRM.
Lentinan is able to increase host resistance against various kinds of infectious disease
including AIDS and also restore the suppressed activity of helper T-cells in the tumor-
bearing host to their normal state, leading to complete restoration of humora immune
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responses [27]. The biological action of Lentinan has been demonstrated by Chihara [80]
and represented in Figure 9.
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Figure 8. Schematic representation showing the mode of action of polysaccharide, 3-

glucan as biological response modifier to target cancer cell.

[NK: Natural Killer cell; AF: Antibody Formation; LPS: Liver Protein Serum; ADCC:
Antibody Dependent Cell mediated Cytotoxicity; CTL: Cytotoxic T-Lymphocyte; MAF:
Macrophage Activating Factor; IL-1: Interlukine 1; IL-2: Interlukine 2].
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Figure 9. The schematic presentation showing mode of action of Lentinan.

[NK: Natura Killer cell; AF: Antibody Formation; LPS: Liver Protein Serum; ADCC:
Antibody Dependent Cell mediated Cytotoxicity; CTL: Cytotoxic T-Lymphocyte; MAF:
Macrophage Activating Factor; IL-1: Interlukine 1; IL-2: Interlukine 2].
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1.B.1. INTRODUCTION TO NANOPARTICLES
Nanoscience and its applied aspect Nanotechnology is a broad and interdisciplinary area

of research that has been growing explosively in the past decades. It deds with
manipulation of matter at the atomic or molecular scale and defined as “the study of
process and fine tuning of requisites at atomic, molecular and macromolecular scales
where premises differ profoundly from those at a large proportion” [1]. Nanoparticles are
defined as “a discrete entity with at least one dimension being 100 nm or less” [2]. Much
attention has been focused on the preparation of metal nanoparticles due to their unique
properties and wide ranging application in a variety of areas including physics, chemistry,
material science, and biomedical science [3-6]. Nanoparticles act a bridge between bulk
materials and atomic or molecular structures. The bulk materials should have constant
physical properties regardless of its size; however properties of nanomaterial exhibit
strong dependence on its size. The unusua properties of nanomaterial compared to bulk
material are due to size confinement, surface effects and quantum phenomena [7].
Materials at nanoscale have a larger surface area to volume ratio as compared to bulk
materials that show a maor impact on the mechanical response [8,9]. On the other hand,
the quantum effect aso plays a dominant role at the nanoscale affecting their optical,
electrical, and magnetic properties [10]. Thus, the properties of nanomaterials which

depend on their size and shape can be tuned via synthetic techniques.

1.B.2. SYNTHESIS OF NANOPARTICLES

Generdly, there are two approaches for the synthesis of metal nanoparticles namely “top-
down” and “bottom-up” [10]. In “top-down’’ approach, the bulk material is broken down
into nano-sized particles. The reduction in size in “top down’” approach can be achieved
by the processes like vapour deposition, mechanical milling, laser ablation, grinding etc.
In “bottom up” approach, nanoparticles are synthesized by assembling the atoms and
smaller particles. The “bottom up” synthesis is based on chemical methods e.g. chemical
reduction, photochemical reduction, co-precipitation, therma decomposition, hydrolysis,
etc. Since, surface chemistry and other physical properties of the nanoparticles are highly
dependent on the surface structure of nanomaterials, “top down’’ approach is not
appropriate for synthesis of nanoparticle because the surface structure of the nanomaterials
is damaged in this method.
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1.B.2.1. Green synthesis of nanoparticles

Numerous methods for the synthesis of nanoparticles are reported, amongst them, most
conventional is the reduction of metal salt solution by means of reducing agent like
sodium borohydride, N,N- dimethyl formamide, trisodium citrate, or other organic
compounds [11-14]. But the use of such reducing agents may be associated with
environmental toxicity or biological hazards. Currently integration of ‘green chemistry’
principlesinto nanotechnology is one of the key issues in nanoscience research. Utilization
of nontoxic chemicals, environmentally benign solvents, and renewable materias are
some of key issues for a green synthesis strategy. Now a days, biomolecules and
bioorganisms are also used in the synthesis of metal nanoparticles [15-17]. Synthesis of
metal nanoparticles using green renewable entities is low cost effective and therefore can
be used as an economic and valuable aternative for the large-scale production of metal

nanoparticles.

1.B.3. Polysaccharide based nanoparticles

Polysaccharides are the most abundant biopolymer on earth. Polysaccharides offer a
number of advantages for nanoparticle synthesis as they have hemiacetal end to reduce
metal salt precursors and lot of hydroxyl group and other functionalities to stabilize the
synthesized metal NPs. The hydroxyl groups of polysaccharides also play an important
role in the reduction of gold salts [18]. Polysaccharides with hydroxyl and amino groups
bind tightly to the surface of the metal nanoparticles giving them a hydrophilic surface
[19]. There are series of reports where hyaluronic acid (HA), alginic acid, chitosan as well
as plant polysaccharides like starch, cellulose, dextran were used in the synthesis of metal

nanoparticles.

Starch capped Au NPs

Starch can act as both reducing and stabilizing agent for the synthesis of meta
nanoparticles. Starch capped Au NPs having an average size of 3.5 nm has been
synthesized by Hussain et al. [20]. Engelbrekt et a. used starch as a protecting agent
for synthesis of Au NPs [21]. Parida et al. also synthesized Au NPs stabilized and
labeled with starch and gum arabic [22]. These synthesized Au NPs have various
biomedical applications. Deka et a. used starch for the preparation of Au nanoparticle-
starch composites [23]. The composite was used for studying a-amylase digestion rate.
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Cellulose capped Au NPs

Cellulose is the main component of plant cell walls consisting of a linear chain of -(1,
4)-linked D-glucose. Cai et al. reported the preparation of nanoporous cellulose gels
obtained from an agueous akali hydroxide-urea solution [24]. The gels were immersed
in precursor salt solutions, AuCl4.3H,0 to synthesize Au NPs. These Au NPs-carrying
gels provided high surface area, transmittance, porosity, good mechanical strength and
moderate thermal stability. These nanomaterials find many potential applications in
catalysis, electro-optical devices and as antibacteria agents.

Dextran capped Au NPs

Dextran was employed both as reducing and stabilizing agent for the preparation of
biocompatible Au NPs [25]. Aminodextran was also used as reducing and protecting
agent for the preparation of Au NPs. Morrow et al. showed the morphology of Au NPs
can be controlled by altering the pH of aminodextran solution [26]. In akaine pH
(p™-12) aminodextran solution yields spherical Au NPs of mean size of 20 nm while

acidic pH favors the formation of large Au NPs of other shapes.

Chitosan capped Au NPs

Chitosan-capped Au NPs was first reported by Huang and Yang in 2004 [27]. The
primary amine group of chitosan effectively supports the immobilization of metallic
nanoparticles. In another report, the catalytic activity of Au nanoparticle-chitosan
bioconjugates was assessed for the reduction of 4-nitrophenol in the presence of
NaBH, [28]. In an earlier report it has been observed that the size, shape and
crystalline structure of Au-chitosan nanocomposites can be controlled by controlling
the reaction temperature [29]. These nanocomposites were successfully employed for
detection of trace amount of amino acids by surface-enhanced Raman spectroscopy
(SERS). Bhumkar et a. reported another important nanomedicinal application of
chitosan stabilized Au NPs [30]. They have employed Au nanoparticles-chitosan

composites for facile transport of insulin across the intestinal track of diabetic rats.

Hyaluronic acid capped Au NPs

Hyaluronic acid (HA) is a linear, high molecular weight polysaccharide commonly
found in soft tissues of animals. HA was used for the preparation of Au NPs with sizes
ranging from 5 to 30 nm by thermal treatment, where it played the role of both the
reducing and stabilizing agent [31].
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Alginic acid capped Au NPs

Alginic acid is an acidic polysaccharide widely distributed in the cell walls of brown
algae [32]. Alginic acid has many applications including in drug industry as drug
delivery agent and in the food industry as stabilizer and thickener [32,33].
Photochemical synthesis of Au NPs was done using calcium alginate both as reducing
and stabilizing agent [34]. The resulting nanoparticles were spherical with a size of
less than 10 nm. The catalytic activity of nanoparticles were assessed by the reduction
of 4-nitrophenol to 4-aminophenol implying that it can be used as solid-phase
heterogeneous catalyst for industrial applications [34].

1.B.4. MORPHOLOGY OF NANOPARTICLES

Nanoparticles have different morphologies such as zero, one, two and three dimensional

structures.

C——
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Figure 1. Various morphology of metal nanoparticles

Zero dimensional nanostructures

A variety of physical and chemical methods have been developed for producing zero
dimensional (OD) nanostructures. OD nanostructures such as quantum dots, core-shell
guantum dots, hollow spheres, onions and nano-lenses have been synthesized and

reported by several research groups [35-39]. Amongst all OD nanostructures, guantum
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dots has been studied extensively in light emitting diodes (LEDs) [40], solar cells [41],

single-electron transistors [42] and lasers [43].

Onedimensional nanostructures

In the last decade, one dimensional (1D) nanostructures have inspired an increasing
interest due to their wide range of potential applications. It is established that 1D
nanostructures are ideal systems for exploring novel phenomena at the nanoscale and
investigating the variation of functional properties on size and dimensionality. Several
1D nanostructures such as nanowires, nanorods, nanotubes, nanobelts, nanoribbons,
and hierarchical nanostructures have profound application in nanoelectronics,

nanodevices, nanocomposite materials and alternative energy resources etc. [44-50].

Two dimensional nanostructures

In recent years, considerable research attention has been focused on the devel opment
of syntheses of two dimensiona (2D) nanostructures. 2D nanostructures with certain
geometries exhibit exceptional shape-dependent characteristics and ensuing utilization
as building blocks for the key components of nanodevices [51,52]. 2D nanostructures
such as nanoprisms, nanoplates, nanosheets, nanowalls, and nanodisks are particularly
interesting for developing novel applications in sensors, photocatalysts, nanoreactors,
etc. [53-58].

Three dimensional nanostructures

3D nanostructures such as nanoballs, nanocoils, nanocones, and nanoflowers have
attracted intensive research interests because of their large surface area which have
enough absorption sites to be used as catalyst [59]. On the other hand, such materias
with porosity in three dimensions could be used for transport of molecules [60,61].
Nanocages possessing hollow interiors and porous walls are useful for colorimetric

sensing and biomedical applications [62].
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1.B.5. APPLICATION OF NANOPARTICLES

Nanomaterials having wide range of applications in the field of gene therapy, sensing,
imaging of cancer cells, drug delivery, degradation of pesticides, antimicrobial agent,
catalysis etc. [Figure 2].

Bimolecular " Drug
imaging Delivery

Opto-
electronics

Antibacterial
agents

Figure 2. Meta nanoparticles and their various potential applications.

1.B.5.1. Catalytic activity

The increasing proportion of surface atoms of nanoparticles with decreasing particle size
makes nanoparticles become highly reactive catalysts as surface atoms possess more
energy than bulk atoms. Au NPs serve as an effective catalyst in the reduction of various
pollutants like 4-NP, the most common organic pollutant in industrial and agricultural
waste water [63]. Now it is also widely used as catalyst for various types of organic
transformation reactions such as: selective hydrogenation reaction, aromatic ring
hydrogenation, selective oxidation reaction of alkanes, epoxidation reaction, oxidation of
alcohols, oxidation of polyols, and selective oxidation of amines [64-70].
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2. A.1. STRUCTURAL ANALYSIS OF POLYSACCHARIDES

For determination of the exact structure of the polysaccharide it is of prime importance to
purify the polysaccharide as much as possible. Different techniques like chromatography,
ultra centrifugation, dialysis, precipitation, and re-precipitation etc. are adopted for this
purpose. The course of determination of structure of polysaccharides fundamentally stands
on two kinds of methods; one is chemical method and another is spectroscopic method.
Chemical method includes acid hydrolysis, methylation, periodate oxidation studies and
spectroscopic method includes 1D (*H, *C, DEPT-135) and 2D (TOCSY, DQF-COSY,
NOESY, ROESY, HSQC, HMBC) NMR anayses. A schematic diagram of the

methodology adopted for structure determination of a polysaccharide has been presented

in Figure 1.
M ushroom _-_, Crude
Fruit Bodies Polysaccharide

Pure
Polysaccharide

[ saon [ e

Acid hydrolysis 1D-NMR 2D-NMR
Methylation study H TOCSY,
13
Periodate oxidation C DQF-COSY
DEPT-135 NOESY
ROESY
HSQC
HMBC

Figure 1. Schematic diagram of structural analysis of polysaccharide
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2.A.2. ISOLATION OF POLYSACCHARIDE FROM

MUSHROOM

The fresh fruit bodies of the hybrid mushrooms were washed with distilled water,
followed by boiling with hot water for 8 h. The aqueous extract was kept overnight at 4 °C
and then filtered through linen cloth. The filtrate was centrifuged at 8000 rpm (using a
Heraeus Biofuge stratus centrifuge) for 45 min at 4 °C. The supernatant was precipitated
in 1:5 (v/v) EtOH, kept overnight at 4 °C. The precipitated polysaccharide was collected
through centrifugation and then dissolved in a minimum volume of distilled water and
dialyzed through cellulose membrane (D9652, Sigma-Aldrich, retaining MW >12,000 Da)
against distilled water for 48 h. The materia retained inside the cellulose bag was then
centrifuged as mentioned above. The residue was rejected and the filtrate (water soluble

part) was freeze dried to obtain crude polysaccharide

2.A.3. PURIFICATION OF POLYSACCHARIDES

Purification of a polysaccharideis crucial for determination of the structure of its repeating
unit. The technique of gel-permeation chromatography (GPC) is widely used to separate a
mixture of polysaccharides. In this technique molecules are separated on the basis of size
relative to the pores in the packing particles. This technique is also known as size
exclusion chromatography (SEC). The crude polysaccharide was purified through
Sepharose 6B column (fractionation range 10,000-10,00,000 Da) in water as eluant using a
Redifrac fraction collector. Eluent was collected in test tubes and monitored
spectrophotometrically at 490 nm with the phenol-sulfuric acid reagent [1] using
Shimadzu UV-vis spectrophotometer, model 1601. A chromatogram of sample
distribution was obtained by plotting the test tube number against the carbohydrate
concentration. The purification procedure was carried out in severa lots. Fractions were
collected and freeze dried. . A schematic diagram of the isolation and purification of crude

polysaccharide from fruit body of mushroom has been presented in Figure 2.
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Mushroom Fruit

Bodies
Boiled with distilled water for 8h, cooled at 4 °C
and centrifuged at 8000 rpm
! v
Residue Super natant
(Rejected)
Precipitated in 1:5 (v/v)
_ _ EtOH, kept overnight at 4 °C
Dissolved in water, v
Soluble Fraction | dialyzed Precipitated Material
and centrifuged
_ at 8000 rpm at 4 °C
Freeze dried
Crude Passed through Sepharose 6B | b rified Polysaccharide
Polysaccharide gel permeation column

Figure 2. Schematic diagram of isolation and purification of polysaccharide from

mushroom fruit body

2.A.4. DETERMINATION OF PHYSICAL PROPERTIES

2.A.4.1. Optical rotation measurement

Purified polysaccharide (5 mg) was dissolved in 5 mL distilled water and then optical

rotation was measured on a Jasco Polarimeter (Model P-1020) at room temperature.

2.A.4.2. Molecular weight determination

The molecular weights of the polysaccharides were determined by gel-chromatographic
technique [2]. Standard dextrans T-250, T-200, T-70, and T-40 were passed through a
Sepharose-6B column using water as an eluant, and then the elution volumes were plotted
against the logarithms of their respective molecular weights. The eution volume of the
polysaccharide was then plotted on the same graph, and the average molecular weight of

the polysaccharide was determined.
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2.A.4.3. Estimation of total carbohydrate

Phenol-sulfuric acid method [1] has been used for the estimation of total carbohydrate of
polysaccharide. At first, different concentrations (20 ug, 40 pg, 80 ug, 100 pg, and 200
pg) of standard glucose solutions were prepared. The 1000 ug sample solution was
prepared by dissolving 5 mg sample in 5 mL distilled water and two different
concentrations (100 pg and 80 ug) from that solution were prepared. Then 1 mL of each
standard glucose solution was pipetted out into five test tubes. 1 mL of different
concentration sample solution was pipetted out into two test tubes and 1mL water was
added into atest tube for blank test. Now 1 mL of 5% phenol solution was added into each
test tube, and then 5 mL of concentrated H,SO, was also added to each test tube. All test
tubes were shaken well using cyclomixture and kept for 20 min. Finally absorptions of
each test tube solution were recorded at 490 nm in UV-vis spectrophotometer.
Concentrations of standard solution were plotted against absorption in a graph and a
straight line was obtained. The absorption values of the sample solution were plotted on
the same graph paper and exact carbohydrate percentage of the sample was estimated.

2.A.5. CHEMICAL ANALYSIS

2.A.5.1. Monosaccharide analysis

The monosaccharide composition is essential to determine the complete structure of the
polysaccharide. In this process the glycosidic bonds between monosaccharide residues
present in the polysaccharide are cleaved and therefore different monosaccharide residues
present in polysaccharide are released. Polysaccharide (3 mg) was hydrolyzed with 2 M
CF3;COOH (2 mL) in a round-bottomed flask at 100 °C for 18 h in a boiling water bath.
The excess acid was completely removed by co-digtillation with water. Then the
hydrolyzed product was reduced with NaBH,4 (9 mg) followed by acidification with dilute
CH3;COOH, and then co-distillation with pure CH30OH to remove excess boric acid. The
reduced sugars (alditol) were acetylated with 1:1 pyridine-Ac,O in aboiling water bath for
1 h to give aditol acetates [Figure 3], which were analyzed by Gas Chromatography (GC).
A gas chromatograph Hewlett-Packard model 5730 A was used, with flame ionization
detector and glass columns (1.8 m x 6 mm) packed with 3% ECNSS-M (A) on Gas Chrom
Q (100-120 mesh) and 1% OV-225 (B) on Gas Chrom Q (100-120 mesh). All GC
analyses were performed at 170 °C.
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OH OH

o0 17 R 0

sugar1____o 18h .
HOX_.,\\: D HO \%
OH =R OH OH
CH,0Ac CH20H | NaBH,
H——O0Ac H——COH
AcO——H Ac,0 HO—H |
H—OAc = H—+—OH
H——OAc  Fyndine H—1—OH
CH>0Ac CH,OH
Alditol acetate Alditol

Figure 3. Schematic diagram of preparation of aditol acetates.

2.A.5.2. Determination of the absolute configuration of the

monosaccharide

Sugars can either have the D or L configuration. In the present thesis absolute
configuration were determined by method described by Gerwig et a. [3,4]. The
polysaccharide (1.0 mg) was hydrolyzed with CF3COOH, and then the acid was removed
by co-distillation with distilled water. A solution of 250 pL of 0.625 M HCI in R-(+)-2-
butanol was added and heated at 80 °C for 16 h. Then the reactants were evaporated and
TMS-derivatives were prepared with N, O-bis (trimethylsilyl) trifluroacetamide (BSTFA).
The products were analyzed by GLC using a capillary column SPB-1 (30 m x 0.26 mm), a
temperature program (3 °C /min) from 150 to 210 °C. The 2,3,4,6-tetraO-TM S-(+)-2-
butylglycosides obtained were identified by comparison with those prepared from the D

and L enantiomers of different monosaccharide.

2.A.5.3. Methylation analysis

Methylation analysis has been used to determine the mode of linkages of each
monosaccharide units. Methylation analysis includes conversion of all free hydroxyl
groups into methoxyl groups followed by hydrolysis. Acidic hydrolysis of the resulting
poly-methyl-ethers only cleaves the inter-glycosidic linkages, leaving the methyl ether
bonds intact. The hydrolyzed monomers are reduced and acetylated to produce volatile
partially methylated alditol acetates (PMAA) as shown in Figure 4. The substitution
pattern of the O-acetyl group of the PMAA reflects the linkage patterns of the
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corresponding sugars in the original polymer. There are several methods for methylation,
but the most popular one is the method adopted by ciucanu and kerek [5]. In this method
the polysaccharide (4.0 mg) were treated with finely powdered sodium hydroxide (NaOH)
in DMSO (1mL) to de-protonate the hydroxyl groups yielding polyanion (alkoxide ions)
followed by addition of methyl iodide (1 mL) in stirring condition. The methylated
polysaccharide was isolated by making a partition between CHCI; and water (5:2, V/v).
The organic layer containing product was washed with water for several times and dried.
The methylated polymer was hydrolyzed with 90% HCOOH (1 mL) at 100 °C for 1 h, and
excess HCOOH was removed by co-distillation with distilled water. The hydrolyzed
product was then reduced with NaBH, and acetylated with pyridine and Ac,O [Figure 4].
The alditol acetates of the methylated sugars were analyzed by Gas Chromatography-Mass
Spectroscopy (GC-MS). GC-MS analysis was performed on Shimadzu GC-MS Model
QP-2010 Plus automatic system, using ZB-5MS capillary column (30 m x 0.25 mm). The
program was isothermal at 150 °C; hold time 5 min, with a temperature gradient of 2 °C

/min up to afina temperature of 200 °C.

/OH OMe
Sug""”wo/'g/o\ N—vaOHfCHS'SUQaH"“O/tl
MeO- -
HO\#\\/O“‘“Sugar3 MeO O sugars
OH e
HCOOH
CH,0Ac CHo0H OMe

H——0OMe H——0OMe
MeO——H Ac,0 MeO—H NaBH4H A/O
e B v —— H*—OH !
H——0Ac Pyridine Bt

CH,OMe (,H20Me
PMAA

Figure 4. Schematic diagram of preparation of partially methylated alditol acetates
(PMAA) of apolysaccharide.

2.A.5.4. Periodate oxidation study
The different mode of linkages of monosaccharide units in a polysaccharide is finaly

confirmed with the help of periodates oxidation study. The free hydroxyl groups present in

the polysaccharides have the potential to react with oxidizing agents such as periodic acid
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or its salts. 1,2-diols react with periodic acid or its salt to form two adehydes groups due
to the cleavage of the carbon-carbon sigma bond between them. Non-reducing end sugar
residues and (1—6)-linked hexopyranose residues have three adjacent hydroxyl groups. In
these cases double cleavage will occur forming one molar equivalent of formic acid and
two molar equivalent of periodate is consumed as shown in Figure 5. (1»2) and (1—>4)-
linked hexopyranose units consume one equivalent of periodate per mole yielding a
dialdehyde, whereas (1—3)-linked hexopyranose residues will not be affected by this
reaction because of absence of vicina OH groups. Polysaccharide was treated with sodium
metaperiodate, kept in dark for 48 h and the excess periodate was consumed by adding
1,2-ethane diol. The solution was dialyzed against distilled water for 1 h followed by
reduction with NaBH,4 [6,7]. The periodate oxidized-reduced product was divided into two
portions. One portion was hydrolyzed with 2 M CF;COOH for 18 h to prepare aditol
acetates and subjected to GC analysis. Another portion was methylated by the method of
Ciucanu and Kerek [5] and the aditol acetate of this methylated product (PMAA) was
anayzed by GC-MS.

Ollrin

§)

H
] OA/O
210, ooH
e —
’, / O/’/,
/,'—’. O b /,"
+

OH

ing

H

Figure5. Schematic diagram of periodate oxidation of (1—6)-linked hexopyranoside.

2.A.6. NUCLEAR MAGNETIC RESONANCE (NMR)

SPECTROSCOPY
Nuclear Magnetic Resonance (NMR) spectroscopy iswidely used for structural analysis of
polysaccharides. It is used for identification of monosaccharide composition, elucidation

of a or B anomeric configurations, establishment of linkage patterns, and sequence of the
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sugar units in the repeating unit of the polysaccharide. For complete elucidation of the
structure of a polysaccharide different types of 1D (*H, **C, and DEPT-135) and 2D
(DQF-COSY, TOCSY, NOESY, ROESY, HSQC, and HMBC) NMR techniques have
been applied as shown in the following diagram [Figure 6].

NMR EXPERIMENTS

1D NMR 2D NMR
\ \
'H-NMR DQF COSY
Determination of the number of sugar |dentification of protons of individual sugar
residues and their anomeric configuration residues, proton coupling constants
“C-NMR TOCSY
Determination of the number of sugar Identification of individua protons
residues and their anomeric configuration corresponding to each sugar residues
through long-range *H-H coupling
DEPT-135 ROESY & NOESY
Distinction of methylene carbons from Sequence of sugar residues by *H-'H inter-
methyl and methine carbons residual couplings
HSQC

Correlation between individual carbon
signals corresponding to each proton
signals

HMBC
|dentification of linkages of sugar moieties
through *H-*C inter-residual couplings

Figure 6. Schematic diagram of determination of structure of a polysaccharide by NMR
spectroscopic methods.

2.A.6.1. Preparation of NMR sample and instrumentation
In *H NMR a major problem is that the OH protons of sugar units and the proton signals

from residual water appear in the region of the ring protons, and thereby creates a definite
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interference for peak identification. In order to overcome this problem, the samples were
kept over P,Os in vacuum for several days to free it from water and deuterium exchanged
by repeated |yophilization with D,O (99.96%. atom ?H, Aldrich). The '"H NMR and °C
NMR experiments were performed with a Bruker Avance DPX-500 instrument at 30 °C.
The 'H NMR spectrum was recorded by suppressing the HOD signal (fixed at & ~ 4.70)
using the presaturation method. The DQF-COSY experiment was carried out using
standard pulse sequence at 30 °C. The NOESY and ROESY mixing delay were 300 ms.
The delay time in the HMBC experiment was 80 ms. The *C NMR experiments of the
polysaccharide were carried out taking acetone as the internal standard, fixing the methyl

carbon signal at & 31.05 by using D,0O as the solvent.

2.A.6.2. One-dimensional NMR

The number of sugar residues (monosaccharide units) and their anomeric configuration
can be determined by *H NMR. The anomeric proton resonances are generally found in
the range of § 4.4-5.5. The remaining ring proton resonances are found in the range of 6 3-
4.2.

The anomeric protons from each monosaccharides give recognizable signals depending
upon their o or B anomeric configurations. Normally the a-anomer resonates downfield
compared to the B-anomer in D pyranoses. The vicina coupling constant between the
anomeric H-1 and the H-2 (J;-2) indicates the relative orientation of two protons. If both of
them are in an axia configuration in pyranose structures, a large coupling constant (7-8
Hz) is observed, wheresas if they are in equatorial-axial orientation, the coupling constant
issmaller (J1.2~4 Hz) [8]. Different sugars are identified from their characteristic coupling
pattern.

Although *C NMR signals are much weaker than 'H, it has significant advantages over
the *H NMR spectroscopy because in the former the signals are spread out over a wide
range. In the *C NMR spectrum, signals for anomeric carbons appear in the region of 3
90-110, and the non-anomeric carbons in the region of 4 60-90. In case of deoxy sugars
the methyl carbons appear in the region of & 15-20. The a-anomeric carbon signals appear
generally in the range of & 95-103 whereas most of the -anomeric carbons appear in the
region of & 101-105. Unsubstituted ring carbons usually appear in the region of & 65-75
[9]. If there is any linkage at any carbon, the signal for that carbon will suffer a downfield
shift by 6 4-10, and the carbon next to that one will appear in alittle upfield region (by 6
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0.7-4.7) [9,10]. Signals for carbonyl carbons are generally observed between & 165-185.
Sometimes the H J;., values are not sufficient to determine the anomeric configurations
of the sugars. If the glycosyl residue has the manno-configuration, the distinction between
the two anomeric forms is very difficult since the coupling costant values for o (J1.» ~1.8
Hz) and B (J1.» ~1.5 Hz) are too close to be differentiated. The one bond **C-*H coupling
constants are useful for determination of the anomeric configuration of sugar residues
[11]. For D sugars a *Jc1 1 ~170 Hz indicates an a-anomeric sugar configuration whereas
1Jc1h1 ~160 Hz indicates a B-anomeric sugar configuration [12]. This is reversed for the L
sugars. C-1, H-1 coupling constants were determined from proton coupled *C NMR
experiment.

A very useful pulse sequence in *3C spectroscopy is employed in the experiment called
Distortionless Enhancement by Polarization Transfer (DEPT). This experiment determines
multiplicity of carbon atom substitution with hydrogens. In a DEPT-135 spectrum, methyl
and methine carbons give rise to positive peaks, whereas methylene carbons appear as
negative peaks.

2.A.6.3. Two-dimensional NMR

The connectivity between the nuclel in a residue and the cross connectivity between the
nuclel of different residues can be obtained from 2D NMR. In the present thesis different
2D NMR experiments such as TOCSY, DQF-COSY, NOESY, ROESY, HMQC, and
HMBC have been used.

& TOCSY (Total correlation spectroscopy)

A TOCSY spectrum correlates protons that are in the same spin system and yields both
short range and long-range correlations. It is useful for establishing the scalar connectivity
if the proton signals are within a spin system, especially when the multiplets overlap, or
there is extensive second order coupling. TOCSY is very powerful tool to confirm the
assignments of *H spectrum. The TOCSY experiment was recorded at mixing time of 300
ms, and complete assignment required several TOCSY experiments having mixing times

ranging from 60 to 300 ms.
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& DQF-COSY (Double quantum filtered correlation spectroscopy)

It gives the information about the protons of an individua sugar residue through a three-
bond coupling. The strategy of assigning a COSY spectrum is to find one unmistakable
characteristic signal from which to begin the tracing of a spin system or network. An
anomeric proton is often chosen as the starting point because it is connected with the other
proton atoms of that residue. Coupling constants can also be measured from DQF-COSY

spectrum.

& NOESY (Nuclear overhauser enhancement  spectroscopy)
The NOESY experiment gives information on linkages and sequence of sugar residuesin a
polysaccharide. It provides information on through space rather than through bond
couplings. NOE connectivies are often observed between the anomeric protons of a
particular sugar residue to protons of another sugar residue that is glycosidically linked to
the former.

& ROESY (Rotating frame overhauser enhancement spectr oscopy)
ROESY spectrum is used to determine signals arisen from protons, which are close in
space but not closely connected by chemical bonds. A ROESY spectrum yields through
gpace correlations via the Rotational nuclear overhauser effect (ROE). ROESY is
especialy useful for cases where NOESY signals are weak because they are near the
transition between negative and positive. ROESY cross peaks are always negative. The
ROESY experiment aso yields cross peaks arisen from chemical exchange.

& HSQC (Heteronuclear single quantum coher ence)

This NMR spectrum represents a direct correlation between a carbon and a proton. All the
13C chemical shifts of the sugar residues are here assigned from the individual proton
signals assigned from DQF-COSY and TOCSY spectrum as they are directly correlated.

& HMBC (Hetero multiple bond coher ence spectr oscopy)

An HMBC spectrum detects long range coupling between proton and carbon (two or three
bonds away) with high sensitivity. Once all the carbon signals are assigned, especially the
anomeric and glycosidically linked carbons, unambiguous glycosidic linkages and
sequences of the sugar residues can be established through the long-range *C-'H
correlations. HMBC experiments establish multiple-bond correlation through the
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glycosidic bonds, and this together with NOESY/ROESY experiments provides necessary

information on linkages and sequences of a polysaccharide.

2.A.7. IMMUNOLOGICAL STUDIES

2.A.7.1. Test for macrophage activity by nitric oxide assay

RAW 264.7 growing in Dulbecco's modified Eagle's medium (DMEM) was seeded in 96
well flat bottom tissue culture plate at 5 x 10° cells/mL concentration (180 pL) [13]. Cells
were left overnight for attachment and different concentrations (12.5, 25, 50, 100 or 200
pg/mL) of polysaccharides were added. After 48 hrs of treatment, culture supernatant of
each well was collected and NO content was estimated using Griess Reagent [14].
Lipopolysaccharide (LPS), L6511 of Salmonella enterica serotype typhimurium (Sigma,
St. Louis, USA) was used as positive control where as PBS (Phosphate Buffer Saline, 10

mM, pH-7.4) and soluble starch were used as negative control.

2.A.7.2. Splenocyte and thymocyte proliferation assay

A single cell suspension of spleen and thymus were prepared from the normal mice under
aseptic conditions by homogenization in Hank’s balanced salt solution (HBSS). The
suspension was centrifuged to obtain cell pellet. The contaminating red blood cells (RBC)
were removed by hemolytic Gey’s solution. After washing two times in HBSS, the cells
were resuspended in complete Roswell Park Memorial Institute (RPMI) medium. Cell
concentration was adjusted to 1x10° cellsmL and the viability of splenocyte and
thymocyte (as tested by trypan blue dye exclusion) was aways over 90%. The cells (180
ML) were plated in 96-well flat-bottom tissue culture plates and incubated with 20 pL of
different concentrations of polysaccharides. PBS (Phosphate Buffer Saline, 10 mM, pH-
7.4) is taken as carrier control whereas lipopolysaccharide (LPS, L6511 of Salmonella
enterica serotype typhimurium, Sigma, 4 pg/mL) and Concanavalin A (Con A, Himedia,
10 pg/mL, used for only thymocyte proliferation assay for hybrid mushroom pfle 1p)
served as positive controls. All cultures were set up at 37 °C for 72 h in a humidified
atmosphere of 5% CO,. Proliferation of splenocyte (% Splenocyte Proliferation Index or
% SPI) and thymocyte (% Thymocyte Proliferation Index or %TPI) were checked by MTT
assay method [15]. All the experiments were done twice with several replicates. The data

are reported as the mean + standard deviation and compared against PBS control [14,16].
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2.B.1. SYNTHESIS OF GOLD NANOPARTICLES (AU NPs)

2.B.1.1. Isolation and purification of polysaccharide from
Cochlospermum religiosum (Katira gum)

Katira gum was washed with methanol, dried, and made powder and then soxhletted using
different solvents. The crude material was then dissolved in water, dialyzed, centrifuged,
and the filtrate was precipitated in acohol to get crude polysaccharide which was further
purified through Sepharose 6B column as reported by Ojha et al. [1]. The structure of the
pure polysaccharide was confirmed by NMR studies[1] as

—2)-0-L-Rhap-(1—4)-0-D-Galp A -(1—4) -a-L-Rhap-(1—4)-B-D-Galp-(1—

2 2

] 1

1 1
B-L-Rhap B-D-Galp

2.B.1.2. Synthesis of polysaccharide based Au NPs

The pure polysaccharide isolated from katira gum was used for the synthesis of Au NPs.
For the synthesis of Au NPs, 2 mL agueous solution of HAUCI , with a concentration of 10
¥ M was added to 6 mL 0.2 % (w/v) aqueous polysaccharide solution. The mixture was
then heated at 70 °C, 6 h with continuous stirring on a magnetic stirrer and UV -vis spectra
of the reaction mixture were recorded at different time interval till the completion of the
reaction.

2.B.2. CHARACTERIZATION OF AU NPs

2.B.2.1. UV-vis spectroscopic analysis

The UV-vis absorption spectra were taken at room temperature on a Shimadzu UV-1601
spectrometer using a quartz cuvette with a 1 cm optical path. 1 ml of each solution was
diluted with equal volume of water for taking spectra. Double distilled water was used as
the blank

2.B.2.2. High resolution-transmission electron microscopy
(HR-TEM) analysis

The shape, morphology, and size distribution of the Au NPs were analyzed using high
resolution transmission electron microscopy (HR-TEM). HRTEM is a powerful instrument
for studying properties of materials on the atomic scale. Transmission electron
microscopic images were recorded in a JEOL-JEM-2100 HRTEM operated at 200 kV. For
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the TEM analysis a droplet of aqueous solution of synthesized Au NPs was spread onto a
carbon coated copper grid (300 meshes) and dried under IR lamp. Micrographs were taken

in both in the transmission mode and diffraction mode.

2.B.2.3. X-ray diffraction (XRD) analysis

XRD data of NPs generally provide information about crystallinity, crystalite size,
orientation of the crystalites. For XRD analysis, a thin film of the sample was prepared on
a microscopic glass dlide using the agueous solution of Au NPs and dried under vacuum.
The measurements were carried out with a Rigaku Miniflex 11 X-ray diffractometer, using
Ni-filtered Cu Ka (A=0.15406 nm) radiation. The diffraction intensities were recorded
from 30 to 80 26 angle.

2.B.2.4. Fourier transform-infrared spectra (FT-IR) analysis
In order to investigate the interaction of Au NPs with the polysaccharide, FT-IR
experiment of both the polysaccharide and Au NPs polysacharide bioconjugates were
carried out. The aqueous solution of the synthesized Au NPs was freeze-dried and the
dried sample was used for FT-IR analysis. FT-IR anaysis was performed in an FTIR-
8400S (Shimadzu) instrument between 4000 and 400 cm™ using K Br pellet technique.

2.B.3. CATALYTIC PROPERTIES OF AU NPS FOR 4-
NITROPHENOL REDUCTION

The reduction of 4-nitrophenol (4-NP) was studied as a model reaction to prove the
catalytic activity of synthesized Au NPs. The cataytic reaction was performed in a
standard quartz cuvette with a 1 cm path length. 2 mL double distilled water was mixed
with 120 puL of 2 mM 4-NP solution followed by the addition of 1mL of 15 mM freshly
prepared NaBH, solution. Thereafter 3.5 mg of solid freeze dried Au NPs-polysaccharide
bioconjugates were added to the above reaction mixture as heterogeneous catalyst.
Immediately after the addition of Au NPs, the absorption spectra were recorded in 2 min

interval in the range of 200-600 nm at room temperature.
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3.1. INTRODUCTION AND REVIEW ON EARLIER WORK

Mushrooms have been consumed globally as tasty food and nutritional supplements.
Mushroom polysaccharides have been recognized as the most potent antitumor and
immunostimulating materials [1-3]. Currently development of new hybrid mushroom
through para-sexual mating is well established. Several somatic edible hybrid mushrooms
were developed through polyethylene glycol-mediated protoplast fusion between
Pleurotues florida and Volvariella volvacea [4], Pleurotues florida and Calocybe indica
var. APK2 [5] Pleurotues florida and Lentinus sguarrosulus [6]. A variety of
immunoenhancing glycans and heteroglycans have been isolated from hybrid mushrooms.
Immunostimulating polysaccharides from fruit bodies of the strain PCHIOFB (hybrid of P.
florida and C. indica var. APK2) were isolated and reported [7,8]. Two different
polysaccharides were isolated from aqueous [9] and alkaline [10] extract of another hybrid
mushroom obtained through back cross mating of a somatic hybrid mushroom Pflovv12
(sterile line) with V. volvacea. Different immunoenhancing glucans from somatic hybrid
PflowsFB [11,12] and heteroglycan from somatic hybrid PflovwlaFB [13,14] were
isolated and reported by our group. These two hybrid mushrooms PflovVw5FB and
PfloVvlaFB were obtained through protoplast fusion between the strains of P. florida and
V. volvacea.

3.1.1. The hybrid mushroom pfle 1q

Pleurotues florida is a common oyster mushroom in India, having good nutritive values
and can be commercially cultivated in the sub-tropical climate (temperature range 22-26
°C). Compositional analysesreveaed that P. floridais highly rich in protein, carbohydrate,
fibre, and essential fatty acids [15]. Different immunostimulating polysaccharides such as
(1- 6)-0-D-glucan [16], (1-3), (1-6)-a, B-D-glucan [17], (1-3), (1- 6)-B-D-glucan
[18] and heteroglycan composed of glucose, mannose, and galactose [19] were isolated

from Pleurotus florida.

Lentinula edodes, the shiitake mushroom native to East Asia, requires low temperature
(10-18 °C) and specific substrate (oak log) for fruiting. It is arich source of nutrients and
fibers. Lentinan, a water insoluble (1-3)-, (1- 6)-B-glucan isolated from Lentinula
edodes is well known for its high antitumor activity [20]. A water soluble glucan having
potent antitumor activity also isolated from Lentinula edodes [21].
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Intergeneric protoplast fusion between the strains of Pleurotus florida and Lentinula
edodes produced nine new hybrid out of which six strainsi.e., pfle 10, pfle 1p, pfle 1q, pfle
1r, pfle 1s, and pfle 1v produced fruit bodies [22]. Hybrid strains were selected based on
double selection method and afterwards maintained in Potato-Dextrose-Agar medium.
Spawn of the hybrid strain was produced on paddy grain and mushroom was produced on
paddy straw substrate [22]. Aqueous extract of the fruit bodies of hybrid strain, pfle 1q
yielded single polysaccharide through Sepharose 6B gel purification. The present
polysaccharide is a mannogalactan consisting of a main chain of (1- 6)-linked D-
gaactopyranosyl moieties with terminal D-mannopyranosyl linked at C-2 of the D-
galactopyranosy! residue, which was not obtained from any of the parent mushrooms. The
detailed structural characterization and the immunoenhancing properties of this
polysaccharide isolated from aqueous extract of the fruit bodies of the hybrid mushroom

strain pfle 1q were carried out and discussed in this chapter.

Figure 1. Photograph of hybrid mushroom pfle 1q [22].

3.2. PRESENT WORK

3.2.1. Isolation, purification, and physical characterization

of PS

The hybrid mushroom of pfle 1q was cultivated and collected from Falta experimental
farm, Bose Institute. The fresh mushroom fruit bodies (500 g) were washed thoroughly
and then boiled with distilled water for 8 h followed by filtration, centrifugation,
precipitation in ethanol, dialysis, centrifugation and freeze drying to yield 315 mg of crude
polysaccharide. Purification of this water soluble crude polysaccharide (25 mg) through

Sepharose 6B column yielded single fraction [Figure 2] which was then collected and
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freeze-dried, yielding 10 mg purified polysaccharide (PS). The purification process was
carried out in severd lots.
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o o
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Figure 2. The gel permeation chromatogram of the crude polysaccharide fractionated

through Sepharose 6B column.

The total carbohydrate of the PS was estimated to 98 % using sulfuric acid-phenol method
[23]. In order to check the presence of protein, UV anaysis was monitored at 280 nm but
lack of absorbance at 280 nm in the UV spectrum indicated that the sample was free from
protein. The PS showed a specific rotation of [«0]p>° + 50.08 (c 0.09, water). The
apparent average molecular weight [24] of the PS fraction was estimated as 1.55 x 10° Da,
as determined from the calibration curve using dextrans of known molecular weight
[Figure 3].
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Figure 3. Determination of molecular weight of the PS isolated from the hybrid

mushroom pfle 1q.
3.2.2. Strutural analysis of PS

3.2.2.1. Chemical analysis

Hydrolysis of PS was carried out with 2 M TFA for 18 h. The hydrolyzed product was
then reduced and ultimately converted to aditol acetates. The GLC analysis of the aditol
acetates of the hydrolyzed product of PS confirmed the presence of mannose and galactose
in a molar ratio of nearly 1:2. The absolute configuration of the monosaccharides was
determined by the method of Gerwig et a. [25] and it was found all the monosaccharides
had D-configuration. The PS was methylated adopting the method of Ciucanu and Kerek
[26] as given in methodology section (chapter 11, part A, 2.A.5.3.) followed by hydrolysis,
reduction and then alditol acetate preparation. The partially methylated aditol acetate was
analyzed by GLC-MS.

The GLC-MS analysis revealed the presence of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-
mannitol, 1,5,6-tri-O-acetyl-2,3,4-tri-O-methyl-D-galactitol, 1,2,5,6-tetra-O-acetyl-3,4-di-
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O-methyl-D-galactitol in amolar ratio of nearly 1:1:1. Thus, PS was assumed to consist of
termina D-mannopyranosyl, (1- 6)-linked D-galactopyranosyl, and (1- 2,6)-linked D-
gaactopyranosyl moieties, respectively [Table 1, Figure 4]. These linkages were further
confirmed by periodate oxidation experiment. The GLC-MS anaysis of the alditol
acetates of periodate oxidized, reduced, methylated [27,28] PS showed total disappearance
of sugar residues. These results indicated that all the sugar residues were consumed during

oxidation. Thus, the mode of linkages present in the PS was confirmed.

Table 1. GC-MS data for methylated PS isolated from the hybrid mushroom pfle 1q.

Methylated Linkages Molar Magjor Fragments (m/z)
sugars Ratio
2,3,4,6-Me,- Manp-(1— 1 43, 45, 71, 87, 101, 117, 129, 145,
Manp 161, 205
2,34-Mey- —6)-Galp-(1— 1 43,45,71,87,99,101,117,129,161,
Galp 173,189,233
3,4-Me,-Galp —6,2)-Galp-(1— 1 43,71,87,99,129,189
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Figure 4. Schematic presentation of methylation experiment of PS isolated from hybrid
mushroom pfle 1q.
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3.2.2.2. NMR analysis

The 'H NMR spectrum [Figure 5] of PS showed the presence of three signals in the
anomeric region at 6 5.14, 5.00, and 4.81 in aratio of nearly 1:1:1. They were designated
A, B, and C according to their decreasing proton chemical shifts. Three signals in the
anomeric region of *3C spectrum [Figure 6] at 3 101.6, 98.3, and 97.8 correlated to the
residues C, A, and B, respectively from HSQC spectrum [Figure 7]. The rest of the *H and
13C signals [Table 2] were assigned from DQF-COSY, TOCSY, and HSQC experiments.

The proton coupling constants were measured from DQF-COSY experiment.

Wl i

[me-.z 'S.I '\l] -1-9 -IS 47 46 -l'w 44 43 42 -I(l 39 38 37 36 3~u 3-I 33

Figure 5. '"H NMR spectrum (500 MHz, D,0, 30 °C) of the PS isolated from hybrid

mushroom pfle 1q.
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Figure 6. 3C NMR spectrum (125 MHz, D,O, 30 °C) of the PS isolated from hybrid

mushroom pfle 1q.
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Figure 7. HSQC spectrum (D»0, 30 °C) of the PSisolated from hybrid mushroom pfle 1q.

Table 2. The *H and *C NMR chemical shifts for the PS isolated from pfle 1g?° in D,O at

30°C.

Glycosyl residue

H-1/C-1 H-2/C-2 H-3/C-3 H-4/C-4 H-5/C-5 H-6a, H-6b/C-6

~.2,6)-0-D-Galp-(1- 5.14 3.95 4.01 4.12 3.90 3.70°%, 3.90°
A 98.3 76.9 68.5 69.5 69.1 66.6
~.6)-a-D-Galp-(1- 5.00 3.85 4.02 3.86 3.89 3.71° 3.91°
° 97.8 68.3 68.8 68.3 69.1 66.5
B-D-Manp-(1- 4.81 411 3.64 3.60 3.39 3.74°%, 3.92°
¢ 101.6 70.4 72.9 66.7 76.2 61.0

2V/dues of the *H chemical shifts were recorded with respect to the HOD signal fixed at 3

4.70 at 30 °C. ® Values of the **C chemical shifts were recorded with reference to acetone
as the internal standard and fixed at 3 31.05 at 30 °C. *® Interchangeable.

Among these three residues, residues A and B had coupling constant values of Jy.2, 43 ~9

Hz and Jy.3, 14 ~3.5 Hz and thus, they were confirmed as D-galactopyranosyl residues.
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The anomeric proton (8 5.14 for A and 6 5.00 for B) and anomeric carbon chemical shifts
(6 98.3 for A and 6 97.8 for B) as well as the coupling constant values (Jy.1n-2 ~3.1 Hz
and Jc1n1 ~171 Hz) confirmed that these residues were present in o-configuration. In
case of residue A, al the proton and carbon chemical shifts except C-2 and C-6 were
nearly matched with the standard values of methyl glucosides [29,30]. The downfield
shifts of C-2 (6 76.9) and C-6 (3 66.6) with respect to standard values indicated that it was
linked at C-2 and C-6. The linkage at C-6 was aso supported by DEPT-135 spectrum
[Figure 8]. Thus, A was confirmed as (1—2,6)-linked a-D-galactopyranosyl residue. For
residue B, the downfield shift of C-6 (& 66.5) with respect to standard values of methyl
glucosides confirmed that residue B contained C-6 linkage. The linkage at C-6 was further
supported by DEPT-135 spectrum [Figure 8]. Therefore, B was confirmed as (1—6)-
linked o-D-galactopyranosyl residue. The large coupling constant values (Jy.3, 1-4 ~7.5 Hz
and Jy.4, ns ~10 Hz) of residue C confirmed its mannopyranosyl configuration. The
anomeric proton (6 4.81) and anomeric carbon chemical shifts (6 101.6) as well as the low
coupling constant values (Jy-1,4-2~0 Jc-1.4-1 ~161) confirmed that residue C was present in
B-configuration. All the proton and carbon chemica shifts of residue C corresponded
nearly to the standard values of methyl glycosides of B-D-mannose. Thus, C was

confirmed as terminal 3-D-mannopyranosyl residue.

ppor T T T 11 ||||.
100 95 N 83 80 75 7 65 60

Figure 8. DEPT-135 spectrum (D20, 30 °C) of the PS isolated from hybrid mushroom pfle
1q.

The different linkages that connected these three residues were determined from ROESY
[Figure 9, Table 3] as well as NOESY (not shown) spectrum. In ROESY spectrum, the
inter-residual connectivities were observed between AH-1/BH-6a and BH-6b, BH-1/AH-
6aand AH-6b, and CH-1/AH-2 along with other intra-residua contacts.
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Figure 9. Part of the ROESY spectrum of the PSisolated from hybrid mushroom pfle 1q.

Table 3. ROESY datafor the PSisolated from hybrid mushroom pfle 1q.

Glycosyl residue

Anomeric proton

ROE contact protons

b 0 Residue, Atom
-2,6)-a-D-Gap-1- 5.14 3.95 A H-2
A
3.71 B H-6a
391 B H-6b
- 6)-a-D-Galp-(1- 5.00 3.85 B H-2
B
3.70 A H-6a
3.90 A H-6b
B-D-Manp-(1- 4.81 411 CH-2
C
3.64 CH-3
3.39 CH-5
3.95 A H-2
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Thus, from ROESY spectrum the following linkages were established.

A B B A
- 6)-0-D-Galp-(1 - 6)-a-D-Galp-(1 - - 6)-0-D-Galp-(1 - 6)-a-D-Galp-(1 -
2 2
1 1
C A
B-D-Manp-(1 - 2)-0-D-Galp-(1 -
6

)

These connectivities were further confirmed from HMBC experiment [Figure 10, Table 4].
In HMBC spectrum the inter-residual cross-peaks were observed between AH-1/BC-6,
AC-1/BH-6a and BH-6b, BH-1/AC-6, BC-1/AH-6a and AH-6b, CH-1/AC-2, and CC-
VAH-2.
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Figure 10. Part of the HMBC spectrum of the PS isolated from hybrid mushroom pfle 1q.
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Table 4. The significant 3J4 ¢ connectivities observed in an HMBC spectrum for the

anomeric protons/carbons of the sugar residues of the PS isolated from hybrid

mushroom pfle 1q.

Polysaccharide from hybrid mushroom pfle 1q

Sugar residue H-1/C-1 Observed connectivities
On/dc On/dc Residue Atom
- 2,6)-a-D-Galp-(1- 514 68.5 A C-3
A 69.1 A C-5
66.5 B C-6
98.3 3.71 B H-6a
391 B H-6b
- 6)-a-D-Gap-(1- 5.00 68.8 B C-3
B 66.6 A C-6
97.8 3.70 A H-6a
3.90 A H-6b
B-D-Manp-(1 - 481 70.4 C C-2
76.9 A C-2
C
101.6 3.95 A H-2

Thus, the HMBC and ROESY connectivities clearly supported the presence of the

following repeating unit in the PS:
A

2

1

1
B-D-Manp

C

B
- 6)-0-D-Galp-(1- 6)-a-D-Galp-(1 -
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3.2.3. Biological studies

3.2.3.1. Assay for macrophage activity by NO

Mushroom polysaccharides function as immunostimulator by activating the macrophages
[31]. Macrophages are white blood cells which play key roles in immune system defense.
They usualy engulf and destroy bacteria and viruses. Hence, macrophage activation
induced by the PS was tested in vitro. On treatment with different concentrations of this
PS it was observed that 25% to 34% of NO production increased up to 25 pg/mL. This
was further increased by 87% to 114% at 50 and 100 pug/mL, respectively, but decreased
at 200 pg/mL [Figure 11]. Hence, an enhanced production of NO i.e. the effective dose of
this PS was observed at 100 pg/mL with optimum production of 12.8 pM NO per 5 x 10°

macrophages.

o
'

LPS

[ o
=
1

[y
th
[ |

NO Production in nM
p

th
[

PBS 4 12.5 25 50 100 200

Concentration in ng/mkL

Figure 11. In vitro activation of macrophage stimulated with different concentrations of

the PSisolated from hybrid mushroom pfle 1q in terms of NO production.
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3.2.3.2. Splenocyte and thymocyte proliferation assay

Proliferation of splenocyte and thymocyte is an indicator of immunostimulation [31]. The
splenocyte and thymocyte activation tests were carried out in mouse cell culture medium
with the PS by the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
method [32]. The PS was tested to stimulate splenocyte and thymocyte and the results are
shown in Figure 12 and 13, respectively. The asterisks on the columns indicated the
statistically significant differences compared to phosphate buffer saline (PBS) control. The
splenocyte and thymocyte proliferation indices as compared to PBS control if closer to
100 or below indicate low stimulatory effect on immune system. Both the splenocyte and
thymocyte proliferation indices were found maximum at 50 pg/mL, above and below
which it decreased. Hence, it can be concluded that 50 pg/mL is the optimum

concentration of the PS for splenocyte and thymocyte proliferation.

250 - s

200 - " i
150- ’ [
1004
50 -
0

Prolification Index

PBS 4 125 25 50 100
Concentration in pg/mL
Figure 12. Effect of different concentrations of the PS isolated from hybrid mushroom

pfle 1q on splenocyte proliferation (**’ means data is significant compared to
the PBS control).
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Figure 13. Effect of different concentrations of the PS isolated from hybrid mushroom
pfle 1g on thymocyte proliferation. (**’ means data is significant compared to
the PBS control).

Mushroom polysaccharides have been recognized as biologica response modifiers
(BRMs). Biologica response modifiers (BRMs) are the compounds which are capable of
interacting with the immune system to upregulate or downregulate the host immune
response. BRMs affect different cell type involving hematopoietic stem cells, innate
(nonspecific) and adaptive (specific) immune systems and cytokine networks and
signaling pathways and the activities a'so depend on their mechanism of action or the site
of activity [32]. The studies like NO production by macrophages, splenocyte and
thymocyte proliferations are preliminary steps to explore whether the PS has any
immunomodulating property or not. However, further studies are needed in order to
identify the specific cells or cytokine pathway through which the PS exerts its action. It is
expected that the PS showing immunomodulating properties in vitro may exhibit similar
effect in vivo and help in combating microbial infection including tuberculosis, tumor cell

eradication and autoimmune diseases.

Page - 58 -



Chapter-III Polysaccharide from hybrid mushroom pfle 1q

3.3. REFERENCES

[1] Borchers, A. T.; Stern, J. S.; Hackman, R. M.; Keen, C. L.; Gershwin, M. E. P. Soc.
Exp. Med. 1999, 221, 281-293.
[2] Nanba, H.; Hamaguchi, A.; Kuroda, H. Chem. Pharm. Bull. 1987, 35, 1162-1168.
[3] Mizuno, T.; Inagaki, R.; Kanao, T.; Hagiwara, T.; Nakamura, T.; Ito, H.; Shimura, K.;
Sumiya, T.; Asakura, A. Agr. Biol. Chem. 1990, 54, 2897-2905.
[4] Chakraborty, U.; Sikdar, S. R. World J. Microbiol. Biotechnol. 2008, 24, 1481-1492.
[5] Chakraborty, U.; Sikdar, S. R. World J. Microbiol. Biotechnol. 2010, 26, 213-225.
[6] Mallik, P.; Sikdar, S. R. Int. J. Pharm. Bio. Sci. 2015, 6, 301-314.
[7] Maity, K.; Kar, E.; Maity, S.; Gantait, S. K.; Das, D.; Maiti, S.; Maiti, T. K.; Sikdar,
S R.;; Idam, S. S Int. J. Biol. Macromol. 2011, 48, 304-310.
[8] Maity, K.; Kar, E.; Maity, S.,; Gantait, S. K.; Das, D.; Maiti, S.; Maiti, T. K.; Sikdar,
S.R.; Idam, S. S. Int. J. Biol. Macromol. 2011, 49, 555-560.
[9] Nandan, C. K.; Sarkar, R.; Bhanja, S. K.; Sikdar, S. R.; Islam, S. S. Carbohydr. Res.
2011, 346, 2451-2456.
[10] Sarkar, R.; Nandan, C. K.; Bhanja, S. K.; Maiti, S.; Maiti, T. K.; Sikdar, S. R.; Islam,
S. S
Carbohydr. Res. 2012, 347, 107-113.
[11] Das, D.; Mondal, S.; Roy, S. K.; Maiti, D.; Bhunia, B.; Maiti, T. K.; Sikdar, S. R;;
Islam, S. S. Carbohydr. Res. 2010, 345, 974-978.
[12] Maity, K. K.; Patra, S.; Dey, B.; Bhunia, S. K.; Mandal, S.; Behera, B.; Maiti, T. K.;
Sikdar,
S. R,; Idam, S. S. Carbohydr. Res. 2013, 370, 13-18.
[13] Petra, S.; Maity, K. K.; Bhunia, S. K.; Dey, B.; Mandal, S.; Maiti, T. K.; Sikdar, S.
R Isam, S. S. Carbohydr. Res. 2012, 354, 110-115.
[14] Bhuniag, S. K.; Dey, B.; Maity, K. K.; Patra, S.; Mandal, S.; Maiti, S.; Maiti, T. K.;
Sikdar, S. R.; Islam, S. S. Carbohydr. Res. 2011, 346, 1967-1972.
[15] Crisan, E. V.; Sands, A.; Nutritional value. In: S. T. Chang, W.A. Hayes (eds.), The
biology
and cultivation of edible mushrooms, New York Academic Press, New York. 1978,
137-165.
[16] Rout, D.; Mondal, S.; Chakraborty, I.; Pramanik, M.; Islam, S. S. Med. Chem. Res.
2004, 13, 509-517.

Page - 59 -



Chapter-III Polysaccharide from hybrid mushroom pfle 1q

[17] Rout, D.; Mondal, S.; Chakraborty, I.; Pramanik, M.; Islam, S. S. Carbohydr. Res.
2005, 340, 2533-2539.

[18] Rout, D.; Mondal, S.; Chakraborty, I.; Islam, S. S. Carbohydr. Res. 2008, 343, 982-
987.

[19] Rout, D.; Mondal, S.; Chakraborty, I.; Issam, S. S. Carbohydr. Res. 2006, 341, 995-
1002.

[20] Sasaki, T.; Takasuka, N. Carbohydr. Res. 1976, 47, 99-104.

[21] Yu, Z.; Ming, G.; Kaiping, W.; Zhixiang, C.; Liquan, D.; Jingyu, L.; Fang, Z.
Fitoterapia. 2010, 81, 1163-1170.

[22] Mallik, P.; Sikdar, S. R. World J. Microbiol. Biotechnol. 2014, 30, 2283-2293.

[23] York, W. S,; Darvill, A. G.; McNell, M.; Stevenson, T. T.; Albersheim, P. Method.
Enzymol. 1986, 118, 3-40.

[24] Hara, C.; Kiho, T.; Tanaka, Y.; Ukai, S. Carbohydr. Res. 1982, 110, 77-87.

[25] Gerwig, G. J.; Kamerling, J. P.; Vliegenthart, J. F. G. Carbohydr. Res. 1978, 62, 349-

357.

[26] Ciucanu, I.; Kerek, F. Carbohydr. Res. 1984, 131, 209-217.

[27] Goldstein, I. J.; Hay, G. W.; Lewis, B. A.; Smith, F. Methods Carbohydr. Chem.
1965, 5, 361-370.

[28] Hay, G. W.; Lewis, B. A.; Smith, F. Methods Carbohydr. Chem. 1965, 75, 357-361.

[29] Agrawal, P. K. Phytochemistry. 1992, 31, 3307-3330.

[30] Rinaudo, M.; Vincendon, M. Carbohydr. Polym. 1982, 2, 135-144.

[31] Wasser, S. P. Appl. Microbiol. Biot. 2002, 60, 258-274.

[32] Ohno, N.; Saito, K.; Nemoto, J.; Kaneko, S.; Adachi, Y.; Nishijima, M.; Miyazaki,
T.; Yadomae, T. Biol. Pharm. Bull. 1993, 16, 414-419.

[33] Tzianabos, A. O. Clin. Microbiol. Rev. 2000, 13, 523-533.

Page - 60 -



CHAPTER — IV

Structural and immunological studies of

polysaccharide from an edible hybrid

mushroom pfle 1p




Chapter-IV Polysaccharide from hybrid mushroom pfle 1p

4.1. INTRODUCTION AND REVIEW ON EARLIER WORK

Mushrooms are enriched with various bioactive molecules. Among them, 3-glucans have
been extensively studied and considered as the most potent antitumor and
immunostimulating materials [1-3]. Lentinan, a (1-3), (1-6)-B-glucan isolated from
Lentinula edodes is well known for its high antitumor activity [4,5]. Different types of
glucans from Pleurotus florida aso exhibit significant immunostimulating properties
[6,7]. In addition to the antitumor B-glucans, researchers have focused on heteroglycan
which aso have significant biological activities [2,3]. The structure of different
heteroglycans may contain backbone of (1-6) and (1- 3) or both (1- 6), (1- 3)- linked
o-galactose, a-glucose or [-glucose with mainly fucose, mannose, or glucose as
nonreducing residues [8-11]. Recently, Dey et a. and Patra et a. have isolated different
immunostimulating heteroglycans from edible hybrid mushroom [12,13]. Protoplast fusion
between the strains of Pleurotus florida and Lentinula edodes produced nine new hybrid
strains out of which six strains i.e. pfle 1o, pfle 1p, pfle 1q, pfle 1r, pfle 1s, and pfle 1v
produced fruit bodies [14]. Recently, a (1 - 3), (1 - 6)-B-D-glucan and a heteroglycan have
been isolated from one such hybrid stran pfle 1r [15,16]. Two water soluble
polysaccharides (PS-I and PS-11) were isolated from the fruit bodies of pfle 1p. PS-1 was
found to consist of D-glucose, D-galactose, and D-mannose in amolar ratio of nearly 4:2:1.
In the chapter, the detailed structural investigation and study of immunostimulating
properties of PS-1 were discussed.

Figure 1. Photograph of hybrid mushroom pfle 1p [14].
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4.2. PRESENT WORK
4.2.1. Isolation, purification, and physical characterization

of PS-1

The fresh mushroom fruit bodies were washed thoroughly and then boiled with distilled
water for 10 h followed by filtration, centrifugation, and precipitation in ethyl acohol
(EtOH), dialysis, again centrifugation, and freeze drying to yield 290 mg of crude
polysaccharide. Purification of this water soluble crude polysaccharide (25 mg) through
Sepharose 6B column yielded two fractions. Fraction | and fraction Il were collected and
freeze dried, yielding purified polysaccharide of 11 mg PS-1 and 8 mg PS-I1, respectively
[Figure 2].

0.7 = PS-I
0.6 -
PS-II
0.5
0.4 4

0.3 =

0.2 —

Absorbance (490 nm)

0.1 —

0.0 -

| | | | | |
0 10 20 30 40 50 60

No. of test tubes
Figure 2. Separation graph of the crude polysaccharide isolated from hybrid mushroom
pfle 1p through Sepharose 6B column.

The PS-I showed specific rotation [o]>>? +32.6 (c 0.886, water). The average molecular
weight of PS| was estimated as ~2.1 x 10° Da [Figure 3] from a calibration curve
prepared with standard dextrans [17].
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Figure 3. Determination of molecular weight of the PS-I isolated from hybrid mushroom

pfle 1p.

4.2.2. Structural analysis of PS-I

4.2.2.1. Chemical analysis

Hydrolysis of PS was carried out with 2 M TFA for 18 h followed by reduction and alditol
acetates preparation. GLC analysis of alditol acetates of hydrolyzed product of PS-I
confirmed the presence of glucose, galactose, and mannose amost in a molar ratio of
4:2:1. The absolute configuration of the monosaccharides was determined by the method
of Gerwig et al. [18] and it was found that all the monosaccharides had D-configuration.
The PS-I was methylated by the method of Ciucanu and Kerek [19] as given in
methodology section (chapter 11, part A, 2.A.5.3.), followed by hydrolysis, reduction and
then alditol acetate preparation. The alditol acetate was analyzed by GLC-MS. The GLC-
MS analysis of partially methylated alditol acetates of PS-1 revealed the presence of seven
peaksin amolar ratio of nearly 1:1:1:1:1:1:1. The peaks were assigned as
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Polysaccharide from hybrid mushroom pfle 1p

Thus, PS1 was assumed to be consist of termina D-glucopyranosyl

1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-glucitol
1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-mannitol
1,5,6-tri-O-acetyl-2,3,4-tri-O-methyl-D-gal actitol
1,5,6-tri-O-acetyl-2,3,4-tri-O-methyl-D-glucitol
1,3,5-tri-O-acetyl-2,4,6-tri-O-methyl-D-glucitol
1,3,4,5-tetra-O-acetyl-2,6-di-O-methyl-D-glucitol
1,2,5,6-tetra-O-acetyl -3,4-di-O-methyl-D-gal actitol

and D-

mannopyranosyl, (1- 6)-linked D-galactopyranosyl, (1- 6)-linked D-glucopyranosyl,

(1- 3)-linked D-glucopyranosyl, (1- 3,4)-linked D-glucopyranosyl, and (1- 2,6)-linked

D-galactopyranosyl moieties, respectively. [Table 1, Figure 4].

Table 1. GC-MS data for methylated PS-1 isolated from the hybrid mushroom pfle 1p.

Methylated Linkages Molar Major Fragments (m/z)
sugars Ratio
2,3,4,6-Mey- Glcp-(1— 1 43,45,71,87,101,117,129,145,161,205
Glcp
2,3,4,6-Mey- Manp-(1— 1 43, 45, 71, 87,101, 117, 129, 145, 161,
Manp 205
2,3,4-Mes- —6)-Galp-(1— 1 43,45,71,87,99,101,117,129,161,
Galp 173,189,233
2,3,4-Mex- —6)-Glcp-(1— 1 43,71,87,99,101,117,129,161,189
Glcp 233
2,4,6-Mes- —3)-Glep-(1—> 1 43,71,87,101,117,129,161,233
Glcp
2,6- Me-Glcp —3,4)-Glcp-(1-> 1 43,87,101,117,129,189
3,4-Me,-Galp —6,2)-Galp-(1-> 1 43,71,87,99,129,189
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PSS

1. (CH3),SO, NaOH (Solid)
+ 2. Methyl lodide
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Figure 4. Schematic presentation of methylation experiment of PS-1 isolated from hybrid
mushroom pfle 1p.

These linkages were further confirmed by periodate oxidation experiment. The GLC-MS
analysis of the alditol acetates of periodate oxidized [20,21], reduced PS-1 was found to
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contain glucose only and the periodate oxidized, reduced, methylated PS-1 showed the
presence of 1,3,4,5-tetra-O-acetyl-2,6-di-O-methyl-D-glucitol and 1,3,5-tri-O-acetyl-2,4,6-
tri-O-methyl-D-glucitol in a molar ratio of nearly 1:1 [Table 2, Figure 5]. These results
clearly indicated that the all other moieties except (1 - 3,4)-linked D-glucopyranosyl and
(1- 3)-linked D-glucopyranosyl were consumed during oxidation. Thus, the mode of

linkages present in the PS-1 were confirmed.

Table 2. GC-MS analysis of periodate oxidized methylated polysaccharide (PS-1) of
hybrid mushroom strain pfle 1p.

Methylated Linkage types Molar Major fragments (m/z)
Sugars ratio
2,6-MerGlcp  —3,4)-Glep-(1— 1 43,87,101,117,129,189
24,6-MeyrGlep  —3)-Glop-(1-> 1 43,71,87,101,117,129,161,233
PS

l Nal Oy, H,0 (Oxidation)

Periodate-
oxidized product

1. NaBH, (Reduction)
2. DM SO, NaOH (Salid), Mel
3. HCOOH (Hydrolysis)
4. NaBH,4 (Reduction)

5. Ac,O-Pyridine (Acetylation)
A

OMe B OMe ]
OAc OAc
AcO + MeO
AGO OAc ACO ohG
OMe OlMe
1.3.4.5-tetra-O-acetyl-2.6-di- 1.3.5-ri-O-uietyl-2.4.6-ri-
O-methyl-D-glucitul O-methyl-D-glucitol

Figure 5. Schematic presentation of periodate-oxidation experiment of PS-1 isolated from
hybrid mushroom pfle 1p.
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4.2.2.2. NMR analysis

The *H NMR spectrum [Figure 6] showed seven peaks in the anomeric region. The peaks
were observed at & 5.35, 5.12, 4.98, 4.78, 4.75, 451, and 4.49 in a ratio of nearly
1:1:1:1:1:1:1. They were designated as A, B, C, D, E, F, and G according to their

decreasing proton chemical shifts.

B C A
A h 1
A I\ A —

T 1 1 1 1 1 T T1 T T T 1T T T T T T T I ppm
5.6 54 52 5.0 48 4.6 44 42 4.0 3.8 3.6 34 32 3.0

Figure 6. *H NMR spectrum of PS-1, isolated from hybrid mushroom pfle 1p.

Seven peaks in the anomeric region of *3C spectrum [Figure 7a] at & 97.8, 98.2, 99.7
101.7, 102.4, 102.5, and 102.8 correlated to the residues C, B, A, D, E, F, and G,
respectively from the HSQC spectrum [Figure 8]. All the *H and **C signal's were assigned
using DQF-COSY, TOCSY, and HSQC experiments [Table 3].

a
b
‘ h nc4 ECHFOMWGOR
Ml) Wllmw _— /
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T »Isl T TT
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TT T T T T T T T T T T T T T T T T T T T T T T T I TTTITITTTTITTTITTITTITTITI T T ITTITT Ippm
105 100 95 o0 85 80 75 70 65 60

Figure 7. (a) **C NMR spectrum (b) with insert of the part of DEPT-135 spectrum of the
PS-I, isolated from hybrid mushroom pfle 1p.
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Figure 8. HSQC spectrum of PS-I, isolated from hybrid mushroom pfle 1p.

Page - 68 -



Chapter-IV Polysaccharide from hybrid mushroom pfle 1p

Table 3. The *H and *C NMR chemical shifts for the PS-I isolated from pfle 1p7° .

Glycosyl residue H-U/C-1 H-2/C-2 H-3/C-3 H-4/C-4 H-5/C-5 H-6a H-6b/C-6

5.35 3.67 3.69 3.38 4.16 3.88°, 3.64°
- 6)-a-D-Glcp-(1-
99.7 70.4 72.8 69.6 68.8 66.9
A
- 2,6)-0-D-Galp-(1- 5.12 3.94 3.99 4.04 411 3.87°, 3.66"
B 98.2 77.0 68.5 69.6 69.1 66.4
- 6)-0-D-Galp-(1- 4.98 3.83 3.87 4.08 4.01 3.88° 3.68"
C 97.8 68.8 69.1 70.4 69.1 66.6
B-D-Manp-(1 - 478 4.09 3.63 358 3.37 3.90¢ 3.71¢
D 101.7 70.4 73.0 66.8 76.3 61.1
- 3)-B-D-Glcp-(1 - 4.75 351 3.73 343 3.61 3.86°, 3.73°
E 102.4 73.2 84.0 69.5 75.8 60.8
~ 3,4)-p-D-Glcp-(1- 451 3.42 371 3.38 3.62 3.88° 3.72°
F 102.5 73.0 83.1 76.3 74.2 60.8
B-D-Glcp-(1- 4.49 3.30 3.49 3.45 3.47 3.89%, 3.70"
G 102.8 74.2 76.0 69.6 76.0 60.8

2 Values of the *H chemical shifts were recorded with respect to the HOD signal set at 3
4.70 at 30 °C.

b\ alues of the *3C chemical shifts were recorded with reference to acetone as the internal
standard and set at & 31.05 at 30 °C.

%4 |nterchangeable.
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The proton coupling constants were measured from DQF-COSY experiment. Among these
seven residues, residues A, E, F, and G have large coupling constant values of Jy.» 4.3 and
Jn-3H-4 (=10 Hz) and thus they are confirmed as D-glucopyranosyl residues. Again, among
these D-glucopyranosyl residues, residue A is the only a anomer (Jy.1n-2 ~ 3.0 Hz and Jy.
1c-1~170 Hz) and the rest are 3 anomers (Jy-1n-2~ 8.5 Hz and Jy.1 c.1 ~161 Hz). Similarly,
from the coupling constant values, B and C are established as a-linked (Jy-1n-2 ~3.1 and
Jc1n-1 ~171 Hz) D-galactopyranosyl (Ju-2, 1-3 ~9 Hz and Jy-3, 14 ~3.5 Hz) moieties and D
is determined as B-linked ( Jy-1,1-2~0, Jc-1.1-1 ~161) mannopyranosyl ( Jy-3 -4 ~7.5 Hz and
Jh-4, 15 ~10 Hz ) moiety. In case of residues A and C, all the proton and carbon chemical
shifts except the C-6 were matched nearly with the standard values of methyl glycosides
[22,23]. A downfield shift of C-6 (& 66.9 for A and & 66.6 for C) was observed. These
observations confirmed that both the residues A and C contained C-6 linkages. Therefore,
A was determined as (1—6)-linked a-D-glucopyranosyl residue and C as (1—6)-linked o-
D-galactopyranosyl residue. Furthermore, the DEPT-135 spectrum [Figure 7b] confirmed
the C-6 linkages in both of these residues. On the other hand, the downfield shifts of C-2
(0 77) and C-6 (6 66.4) of residue B with respect to standard values indicated that it was
linked at C-2 and C-6. The linkage at C-6 of residue B was also supported by DEPT-135
spectrum. Thus, B was confirmed as (1—2,6)-linked o-D-galactopyranosy! residue. All the
proton and carbon chemica shifts for residues D and G corresponded nearly to the
standard values of methyl glycosides of mannose and glucose, respectively. Thus, D was
confirmed as terminal 3-D-mannopyranosy! residue and G as terminal -D-glucopyranosyl
residue. The downfield shift of C-3 (& 84) of residue E in comparison to the standard
values indicated that it was linked at C-3 position. Hence, E was established as (1 - 3)-
linked B-D-glucopyranosyl residue. In case of residue F, downfield shifts at C-3 (6 83.1)
and C-4 (6 76.3) were observed indicating that it was linked at C-3 and C-4. Thus, F was
confirmed as (1 - 3,4)-linked [-D-glucopyranosyl residue. Since, residue F was present in
the rigid part of the molecule, its C-3 (8 83.1) appeared at the more upfield region in
comparison to the C-3 (6 84) of E.

Page - 70 -



Chapter-IV Polysaccharide from hybrid mushroom pfle 1p

The different linkages that connected these seven residues were determined from NOESY
[Figure 9 and Table 4] aswell as ROESY spectrum (not shown). In NOESY spectrum, the
inter-residual connectivities were observed between AH-1/BH-6a; AH-1/BH-6b; BH-
1/CH-6a; BH-1/CH-6b; CH-1/EH-3; DH-1/BH-2; EH-1/FH-3; FH-1/AH-6a; FH-1/AH-
6b; GH-1/FH-4 along with other intra-residual contacts.
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o 0 0 D o | 4.8
DH2 BH2 N L
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< 5.4
g
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Figure 9. Part of NOESY spectrum of PS-I, isolated from hybrid mushroom pfle 1p.
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Table 4. NOESY datafor the PS-1 isolated from hybrid mushroom pfle 1p.

Glycosyl residue

Anomeric proton

NOE contact protons

5 5 Residue,atom

- 6)-0-D-Glcp-(1- 5.35 3.67 AH-2

A 3.87 BH-6a

3.66 BH-6b
-2,6)-0-D-Gap-(1- 5.12 3.94 BH-2
B 3.99 BH-3

3.88 CH-6a

3.68 CH-6b
- 6)-a-D-Gap-(1- 4,98 3.83 CH-2
C 3.87 CH-3
3.73 EH-3
B-D-Manp-(1- 478 4.09 DH-2
D 3.63 DH-3
3.37 DH-5
3.94 BH-2
~.3)-p-D-Glep-(1- 475 373 EH-3
E 3.61 EH-5
371 FH-3
- 3,4)-3-D-Glcp-(1 - 451 371 FH-3
F 3.62 FH-5

3.88 AH-6a

3.64 AH-6b
B-D-Glcp-(1- 4.49 3.49 GH-3
G 3.47 GH-5
3.38 FH-4
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Finally, these connectivities were confirmed from HMBC spectrum [Figure 10a and
Figure 10b]. In this spectrum the inter-residual cross-peaks [Table 5] were observed
between AH-1/BC-6; AC-1/BH-6a and BH-6b; BH-1/CC-6; BC-1/CH-6a and CH-6b;
CH-1EC-3; CC-1/EH-3; DH-1/BC-2; DC-1/BH-2; EH-1/FC-3; EC-1/FH-3; FH-1/AC-6;
FC-1/AH-6aand AH-6b; GH-1/FC-4; and GC-1/FH-4.
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Figure 10. (a) The part of HMBC spectrum for anomeric protons, of PS-I, isolated from
hybrid mushroom pfle 1p.
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Figure 10. (b) The part of HMBC spectrum for anomeric carbons of PS-1, isolated from

hybrid mushroom pfle 1p.
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Table 5. The significant 3J4 ¢ connectivities observed in an HMBC spectrum for the

anomeric protons/carbons of the sugar residues of the PS-I isolated from hybrid mushroom

pfle 1p.
Residue Sugar linkage H-1/C-1 Observed connectivities
On/dc On/dc Residue Atom
A - 6)-a-D-Glcp-(1- 5.35 72.8 A C-3
66.4 B C-6
99.7 3.69 A H-3
3.87 B H-6a
3.66 B H-6b
B -2,6)-0-D-Galp-(1- 5.12 68.5 B C-3
69.1 B C-5
66.6 C C-6
98.2 3.99 B H-3
3.88 C H-6a
3.68 C H-6b
C - 6)-0-D-Galp-(1- 4.98 69.1 C C-3
69.1 C C-5
84.0 E C-3
97.8 3.83 C H-2
3.73 E H-3
D B-D-Manp-(1 - 4.78 70.4 D C-2
73.0 D C-3
77.0 B C-2
101.7 4.09 D H-2
3.37 D H-5
3.9 B H-2
E - 3)-B-D-Glcp-(1- 4.75 84.0 E C-3
83.1 F C-3
102.4 3.73 E H-3
3.71 F H-3
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Table 5. The significant 3J4 ¢ connectivities observed in an HMBC spectrum for the

anomeric protons/carbons of the sugar residues of the PS-I isolated from hybrid mushroom
pfle 1p.

Residue Sugar linkage H-1/C-1 Observed connectivities
On/dc On/dc Residue Atom
F - 3,4)-B-D-Glcp-(1- 4.51 74.2 F C-5
66.9 A C-6
102.5 3.62 F H-5
3.88 A H-6a
3.64 A H-6b
G B-D-Glcp-(1- 4.49 74.2 G C-2
76.3 F C-4
3.49 G H-3
3.47 G H-5
3.38 F H-4

Thus, the probable structural motif present in PS-1 was established as:

E F A B C
- 3)-B-D-Glcp-(1 - 3)-B-D-Glcp-(1 - 6)-a-D-Glcp-(1 - 6)-a-D-Galp-(1 - 6)-a-D-Gal p-(1 -
4 2
1 1
1 1
B-D-Glcp B-D-Manp
G D
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4.2.3. Biological studies of PS-I
4.2.3.1. Assay for macrophage activity by NO

To test immunomodulatory effects of PS-1, murine macrophages were incubated with PS-|
in a humidified atmosphere of 5% CO, at 37 °C for 48 h and the production of nitric oxide
(NO) was measured using Griess reagent (1:1 of 0.1% in 1-napthylethylenediamine in 5%
phosphoric acid and 1% sulfanilamide in 5% phosphoric acid). On treatment with different
concentrations of the PS-I, it was observed that NO production increased with increase in
concentration up to 50 pg/mL with optimum production of 19.27 pM NO per 5 x 10°
macrophages at 50 pg/mL which subsequently decreased with increase in concentration
[Figure 11a]. Hence, the effective dose of the PS-I for macrophage activation was 50

pg/mL.
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Figure 11. (a) In vitro activation of macrophage stimulated with different concentrations

of PS-1 isolated from hybrid mushroom pfle 1p in terms of NO production.

4.2.3.2. Splenocyte and thymocyte proliferation assay

Splenocyte is the cell present in the spleen that include T cells, B cells, dendritic cells etc.
that stimulate the immune response in living organism whereas thymocyte is the
hematopoietic cell present in thymus and the primary function of which is the generation
of T cells. Proliferation of splenocyte and thymocyte is an indicator of immunostimulation
[24]. Splenocyte and thymocyte proliferation in the presence of PS-1 was used to evaluate
cell stimulatory effects on the immune cell activation. The PS-I1 was tested to stimulate

Page- 77 -



Chapter-IV Polysaccharide from hybrid mushroom pfle 1p

splenocyte and thymocyte and the results are shown in Figure 11b and 11c, respectively.
All the experiments were done twice with seven replicates and the result were represented
as mean * standard deviation using two tailed statistical analysis. The splenocyte and
thymocyte proliferation indices as compared to PBS control if closer to 100 or below
indicate low stimulatory effect on immune system. Difference in parameter between the
treatment group and the control group was considered as statistically significant if P< 0.05
(indicated with a “*” mark). Both the splenocyte and thymocyte proliferation indices were
found maximum at 50 pg/mL, above and below which it decreases. Hence, it can be
concluded that 50 pg/mL is the optimum concentration of the PS-1 for splenocyte and

thymocyte proliferation.
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Figure 11. (b) Effect of different concentrations of PS-I, isolated from hybrid mushroom
pfle 1p on splenocyte proliferation. (“** means data is significant compared to
the PBS control).
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Figure 11. (c) Effect of different concentrations of PS-I, isolated from hybrid mushroom

pfle 1p on thymocyte proliferation. (**’ means data is significant compared to
the PBS control).
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5.1. INTRODUCTION AND EARLIER WORK

Metal nanoparticles are important to researchers due to their unigue properties and wide
ranging application in a variety of areas including physics, chemistry, material science,
and biomedical science. Numerous methods for the synthesis of nanoparticles are reported,
amongst them, most conventional is the reduction of metal salt solution by means of
reducing agent like sodium borohydride, N,N- dimethyl formamide, trisodium citrate, or
other organic compounds [1-7]. But the use of such reducing agents may be associated
with environmental toxicity or biological hazards. Currently integration of ‘green
chemistry” principles into nanotechnology is one of the key issues in nanoscience research.
Utilization of nontoxic chemicals, environmentally benign solvents, and renewable
materials are some of the key issues for a green synthesis strategy. In recent years,
biomolecules are used in the synthesis of Au nanomaterials [8-12]. Synthesis of gold
nanoparticles (Au NPs) using chitosan as both reducing and protecting agent was reported
by Huang et al. [13]. Microorganisms are also used for the synthesis of Au NPs[14-16]. In
this chapter, an environmentally benign method for preparation of Au NPs using agueous
solution of a hetero polysaccharide [17], isolated from katira gum acting both as reducing
and stabilizing agent is reported.

Recently, the role of metal nanoparticles in the field of catalysis opens a new horizon. Au
NPs serve as an effective catalyst in the reduction of various pollutants like 4-NP, the most
common organic pollutant in industrial and agricultural waste water. 4-NP is toxic in
nature and imparts odor to water and used as building blocks of many dyes, explosives,
pesticides. It breaks down in water and surface soil. Therefore drinking water, eating foods
grown in soil that contain 4-NP, can lead to critical health hazards to human beings. So
much attention has been given to develop an efficient methodology for the conversion of
4-NP. Here a safe method for the conversion of 4-NP with Au NPs synthesized using a
hetero polysaccharide has a so been reported.

5.2. PRESENT WORK

5.2.1. Synthesis of Au NPs
Katira gum was washed with methanol, dried, and made powder and then soxhletted using
different solvents. The crude material was then dissolved in water, diadyzed, and

centrifuged and the filtrate was precipitated in alcohol to get crude polysaccharide which
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was further purified through Sepharose 6B column as reported by Ojha et a. [17]. The
structure of the pure polysaccharide was confirmed by NMR studies [17] as

—2}-o-L-Rhap-(1—4)-0-D-GalpA-(1—4)-a-L-Rhap-(1 —4)-B-D-Galp-(1—

)

[
1

B-L-Rhap p-D-Galp

%

— = [

Andthis purified polysaccharide was used for the synthesis of Au NPs. For the synthesis of
Au NPs, 2 mL agueous solution of HAUCI 4 with a concentration of 10 M was added to 6
mL 0.2 % (w/v) aqueous polysaccharide solution. The mixture was then heated at 70 °C
for 6 h with continuous stirring on a magnetic stirrer and UV -vis spectra of the reaction

mixture were recorded at different time interval till the completion of the reaction.

5.2.2. Characterization of Au NPs

5.2.2.1. UV- vis spectroscopic analysis

A pale pink color was appeared after 10 min of the reaction and the color was gradually
intensified as the reaction was continued with heating. A typical plasmon resonance band
at 544 nm appeared after 1 h indicating formation of Au NPs. The time dependent UV-vis
absorption spectra are shown in Figure 1. The intensity of the absorption band gradually
increased and the maximum intensity of absorption was attained after 6 h of the reaction.
This gradua increase in the absorption band is attributed to the fact that Au NPs
concentration increases in the media as the reduction reaction proceeds. After 6 h, no
significant change in intensity at 528 nm was observed which indicated almost complete
reduction of Au*, The shifting of surface plasmon absorption maxima from 544 nm to a

fixed value 528 nm at 6 h may be due to decrease in particles size [18].
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Figure 1. UV-vis spectra of Au NPs at different time intervals.

5.2.2.2. TEM and XRD analysis

The shape, morphology, and size distribution of the Au NPs were analyzed using high
resolution transmission electron microscopy (HR-TEM). HR-TEM image [Figure 2]
showed that the particles are mostly spherical with a few having rod and decahedra
morphology. The average size of the particles is 6.9 nm as revealed from particle size
distribution histogram [Figure 3]. The Selected area electron diffraction (SAED) pattern
[Figure 4] showing rings ascribed to (111), (200), (220), (311), and (331) planes exhibited
the face centered cubic (fcc) crystalline structure of gold. The crystalline nature of Au NPs
was further confirmed by X-ray diffraction (XRD) analysis. A typica XRD pattern
[Figure 5] exhibited peaks at 38.22°, 44.40°, 64.51°, and 77.49° that can be indexed to the
(111), (200), (220), and (311) facets, respectively of fcc gold.
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5.2.2.3. Fourier transform-infrared spectra (FT-IR) analysis

In order to investigate the interaction of Au NPs with the polysaccharide, FT-IR
experiment of both the polysaccharide and Au NPs-polysacharide bioconjugates were
carried out. In the FT-IR spectrum of polysaccharide [Figure 6a], two partialy overlapped
peaks at 1071 and 1043 cm™ were assigned to C-OH stretching [19] aong with a broad
stretching peak at 3428 cm™ for hydroxyl group and a weak band at 2935 cm™ for
aliphatic C-H stretching. In the FT-IR spectrum of Au NPs-polysaccharide bioconjugates
[Figure 6b], two overlapped peak at 1071 and 1043 cm™ merged to give a single peak at
1044 cm™, which is possibly due to the interaction of Au*® with the oxygen of hydroxyl
group (C-OH) from polysaccharide [20]. The peaks for hydroxyl group (3400 cm™),
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aliphatic C-H (2924 cm™) and C-OH (1044 cm™) are also appeared in the spectrum of Au
NPs-polysaccharide bioconjugates which are the characteristic peaks of polysaccharides.
So, it can be believed that there is some interaction between the Au NPs and
polysaccharide with the help of which the Au NPs attain stability.
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Figure 6. FT-IR spectra of (@) polysaccharide and (b) Au NPs-polysaccharide
bioconjugates.

5.2.3. Catalytic properties of Au NPs for 4-nitrophenol

reduction

To investigate the catal ytic activity of Au NPs-polysaccharide bioconjugates, the reduction
of 4-nitrophenaol (4-NP) to 4-aminophenol (4-AP) by NaBH, in aqueous phase was chosen
as a model reaction. The absorption peak of 4-NP was red shifted from 317 to 400 nm
[Figure 7] immediately after the addition of NaBH, solution, which also associated with a
color change of 4-NP solution from yellow to yellow green due to formation of 4-
aminophenolate ion in akaline condition. The absorption peak at 400 nm remained
unaltered for a long duration in absence of Au NPs-polysaccharide bioconjugates. In
contrast, with the addition of Au NPs-polysaccharide bioconjugates, the absorption peak
height at 400 nm successively decreased with a concomitant appearance of two new
absorption peaks around 230 and 300 nm with time, which was because of the generation
of 4-AP. Evauation of small bubbles of H, gas surrounding the catalyst particles helped in
stirring the reaction mixture [21].
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Figure 7. UV-vis spectra for the catalytic reduction of 4-nitrophenol by Au NPs-

polysaccharide bioconjugates.

The blank experiment by adding only the hetero polysaccharide into the aqueous solution
of 4-NP and NaBH,; mixture, did not change the color or absorption peak of 4-
nitrophenolate ions for more than 24 h, which clearly demonstrated that the reduction of 4-
NP by NaBHj, is solely activated by Au NPs-polysaccharide bioconjugates. In the UV-vis
spectra two points are obvious where all the spectraintersect each other, indicating that no
by-products are formed during the reaction [22]. The formation of 4-AP in the catalytic
reaction was furthered confirmed by the *H NMR study in Dg-DMSO. In the spectrum, a
doublet of doublet signal was appeared in the range of 6 6.48-6.6 which is due to aromatic
protons ortho and para to amino group. The peak in the downfield region at 4 8.41 can be
assigned as phenolic proton and peak at 6 4.39 can be assigned as aromatic amine protons.
The *H NMR spectrum for the product is comparable to that of the authentic 4-AP. As the
initial concentration of NaBH, largely greater than the initial concentration of 4-NP, it can
be assumed that concentration of NaBH,4 remains constant with time during the reaction.
Hence, the reaction rate is independent on the concentration of NaBH4. So pseudo-first-
order rate kinetics with respect to 4-NP concentration was used to evaluate the rate of the
reaction. Figure 8 shows a good linear correlation of In (A) versus time and reaction rate
constant is determined to be 2.67x10% min™.
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Figure 8. Plot of In (A) versus time for the catalytic reduction of 4-nitrophenol by Au
NPs- polysaccharide bioconjugates.
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ABSTRACT

» Au NPs were synthesized using
hetero-polysaccharide, extracted from
katira gum.

Gold nanoparticles were synthesized using a hetero-polysaccharide through green route. These gold
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A green synthesis of gold nanoparticles (Au NPs) using aqueous solution of a hetero-polysaccharide,
extracted from the gum of Cochlospermum religiosum (katira gum), has been demonstrated in this work.
The hetero-polysaccharide plays the role of both reducing and stabilizing agent. The synthesized Au
NPs were characterized by UV-vis spectroscopy, HR-TEM, XRD and FT-IR experiments. The surface
plasmon resonance (SPR) band of UV-vis spectrum around 528 nm confirmed the formation of Au NPs.

Transmission electron microscopic analysis showed an average size of Au NPs of 6.9 nm. The fcc
crystalline nature of these particles was identified by XRD analysis and SAED pattern. These Au NPs
also function as an efficient heterogeneous catalyst in the reduction of 4-nitrophenol (4-NP) to
4-aminophenol (4-AP). The reduction of 4-NP follows pseudo-first-order kinetics with rate constant

2.67 x1072min~ 1.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Metal nanoparticles are important to researchers due to their
unique properties and wide ranging application in a variety of
areas including physics, chemistry, material science and biome-
dical science. Numerous methods for the synthesis of nanoparti-
cles are reported, amongst them, most conventional is the
reduction of metal salt solution by means of reducing agent like
sodium borohydride, N,N-dimethyl formamide, trisodium citrate,
or other organic compounds [1-7]. But the use of such reducing
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E-mail address: sirajul_1999@yahoo.com (S. Sirajul Islam).
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agents may be associated with environmental toxicity or biological
hazards. Currently integration of ‘green chemistry’ principles into
nanotechnology is one of the key issues in nanoscience research.
Utilization of nontoxic chemicals, environmentally benign sol-
vents and renewable materials are some of key issues for a green
synthesis strategy. In recent years, biomolecules are used in the
synthesis of Au nanomaterials [8-12]. Synthesis of gold nanopar-
ticles using chitosan as both reducing and protecting agent was
reported by Huang et al. [13]. Microorganisms are also used for
the synthesis of gold nanoparticles [14-16]. In this work, an
environmentally benign method for preparation of Au NPs using
aqueous solution of a hetero-polysaccharide [17], isolated from
katira gum acting both as reducing and stabilizing agent is
reported.
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Recently, the role of metal nanoparticles in the field of
catalysis opens a new horizon. Au NPs serve as an effective
catalyst in the reduction of various pollutants like 4-NP, the most
common organic pollutant in industrial and agricultural waste
water. The 4-NP is toxic in nature, strong skin irritant and imparts
odor to water and used as building blocks of many dyes,
explosives, pesticides. It breaks down in water and surface soil.
Therefore drinking water, eating foods grown in soil that contain
4-NP, can lead to critical health hazards to human beings. So
much attention has been given to develop an efficient methodol-
ogy for the conversion of 4-NP. Here a safe method for the
conversion of 4-NP with Au NPs synthesized using a hetero-
polysaccharide has been reported. Hence, the synthesized Au NPs
have several excellent properties including long-term dispersion
stability at room temperature, effectiveness as a heterogeneous
catalyst in the conversion of 4-NP.

2. Materials and methods
2.1. Materials

Chloroauric acid (HAuCl,) was purchased from Sigma-Aldrich,
4-NP and sodium borohydride (NaBH;) were procured from
Merck Ltd. Hetero-polysaccharide from katira gum [17] was used
both as reducing and stabilizing agent. Deionized double distilled
water was used throughout the experiment.

2.2. Synthesis of Au NPs

Katira gum was washed with methanol, dried, and made
powder and then soxhletted using different solvents. The crude
material was then dissolved in water, dialyzed, centrifuged and
the filtrate was precipitated in alcohol to get crude polysaccharide
which was further purified through Sepharose-6B column as
reported in our earlier paper [17]. The structure of the pure
polysaccharide was confirmed by NMR studies [17] as

drop-coated on a glass substrate and measurements were carried
out with a Rigaku Miniflex II X-ray diffractometer, using
Ni-filtered Cu Ko (A=0.15406 nm) radiation. The diffraction
intensities were recorded from 30° to 80° 20 angle. The aqueous
solution of the synthesized Au NPs was freeze-dried and the dried
sample was used for FT-IR analysis. FT-IR analysis of the dried
sample was performed in a FT-IR-8400 S (Shimadzu) instrument
between 4000 and 400 cm~! using KBr pellet technique.

2.4. Catalytic properties of Au NPs for 4-nitrophenol reduction

The reduction of 4-NP was studied as a model reaction to
prove the catalytic activity of synthesized Au NPs. The catalytic
reaction was performed in a standard quartz cuvette with a 1-cm
path length. Double distilled water (2 mL) was mixed with 120 pL
of 2 mM 4-NP solution followed by the addition of 1 mL of 15 mM
freshly prepared NaBH, solution. Thereafter 3.5 mg of solid freeze
dried Au NPs-polysaccharide bioconjugates were added to the
above reaction mixture as heterogeneous catalyst. Immediately
after the addition of Au NPs, the absorption spectra were recorded
in 2min interval in the range of 200-600nm at room
temperature.

3. Results and discussion
3.1. UV-vis spectroscopic analysis

A pale pink color was appeared after 10 min of the reaction
and the color was gradually intensified as the reaction was
continued with heating. A typical plasmon resonance band at
544 nm appeared after 1 h indicating formation of Au NPs. The
time dependent UV-vis absorption spectra are shown in Fig. 1.
The intensity of the absorption band gradually increased and the
maximum intensity of absorption was attained after 6 h of the
reaction. This gradual increase in the absorption band is attrib-
uted to the fact that Au NPs concentration increases in the media

—2)-0-L-Rhap-(1—4)-0-D-GalpA-(1—4)-a-L-Rhap-(1—4)-B-D-Galp-(1—
2 2

i i
B-L-Rhap B-D-Galp

and used for the synthesis of Au NPs. For the synthesis of Au NPs,
2 mL aqueous solution of HAuCl, with a concentration of 1073 M
was added to 6 mL 0.2% (w/v) aqueous polysaccharide solution.
The mixture was then heated at 70°C, 6 h with continuous
stirring on a magnetic stirrer and UV-vis spectra of the reaction
mixture were recorded at different time interval till the comple-
tion of the reaction.

2.3. Characterization

The UV-vis absorption spectra were taken at room tempera-
ture on a Shimadzu UV-1601 spectrometer using a quartz cuvette
with a 1 cm optical path. One milliliter of each solution was
diluted with equal volume of water for taking spectra. Double
distilled water was used as the blank. For transmission electron
microscopy (TEM), a drop of reaction solution was placed on the
carbon coated copper grid and dried under IR lamp. TEM images
were taken by means of a JEOL-JEM-2100 HR-TEM operated at
200 kV. For XRD analysis, the reaction solution of Au NPs was

as the reduction reaction proceeds. After 6h, no significant
change in intensity at 528 nm was observed which indicated

0.5%

— 6h
Sh
— 4h
0.40 — 3h
; — 2h
'g —1h
g
f',: 0.20
0.00 . L .
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wavelength (nm)

Fig. 1. UV-vis spectra of Au NPs at different time intervals.
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Fig. 2. HR-TEM images of hetero-polysaccharide synthesized Au NPs.
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Fig. 3. The particle size distribution histogram of Au NPs.
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Fig. 4. Selected area electron diffraction (SAED) patterns of Au NPs.
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Fig. 5. XRD patterns of dried Au NPs-polysaccharide bioconjugates. All peaks
could be indexed to fcc gold.

almost complete reduction of Au*3. The shifting of surface
plasmon absorption maxima from 544 nm to a fixed value
528 nm at 6 h may be due to decrease in particles size [18].

3.2. TEM and XRD analysis

The shape, morphology, and size distribution of the Au NPs
were analyzed using high resolution transmission electron micro-
scopy (HR-TEM). HR-TEM image (Fig. 2) showed that the particles
are mostly spherical with a few having rod and decahedral
morphology. The average size of the particles is 6.9 nm as revealed
from particle size distribution histogram (Fig. 3). The SAED pattern
(Fig. 4) showing rings ascribed to(111),(200),(220),(311)and
(33 1) planes exhibited the face centered cubic (fcc) crystalline
structure of gold. The crystalline nature of Au NPs was further
confirmed by X-ray diffraction (XRD) analysis. A typical XRD
pattern (Fig. 5) exhibited peaks at 38.22°, 44.40°, 64.51°, 77.49°
that can be indexed to the (111), (200), (220), (311) facets
respectively of fcc gold.

3.3. Fourier transform-infrared spectra (FT-IR) analysis

In order to investigate the interaction of Au NPs with the
polysaccharide, FT-IR experiment of both the polysaccharide and
Au NPs-polysaccharide bioconjugates were carried out. In the
FT-IR spectrum (Fig. 6a) of polysaccharide, two partially overlapped
peaks at 1071 and 1043 cm~! were assigned to C-OH stretching
[19] along with a broad stretching peak at 3428 cm~! for
hydroxyl group and a weak band at 2935cm™! for aliphatic
C-H stretching. In the FT-IR spectrum of Au NPs-polysaccharide
bioconjugates (Fig. 6b), two overlapped peak at 1071 and
1043 cm~ ! merged to give a single peak at 1044 cm !, which is
possibly due to the interaction of Au NPs with the oxygen of
hydroxyl group (C-OH) from polysaccharide [20]. The peaks for
hydroxyl group (3400 cm~!), aliphatic C-H (2924 cm~!) and
C-OH (1044 cm™!) are also appeared in the spectrum of Au
NPs-polysaccharide bioconjugates which are the characteristic
peaks of polysaccharides. So, it can be believed that there is some
interaction between the Au NPs and polysaccharide with the help
of which the Au NPs attain stability.

3.4. Catalytic properties of Au NPs for 4-nitrophenol reduction

To investigate the catalytic activity of Au NPs-polysaccharide
bioconjugates, the reduction of 4-NP to 4-AP by NaBH, in aqueous
phase was chosen as a model reaction. The absorption peak of
4-NP was red shifted from 317 to 400 nm (Fig. 7) immediately
after the addition of NaBH,4 solution, which also associated with a
color change of 4-NP solution from yellow to yellow green due to
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Fig. 6. FT-IR spectra of (a) polysaccharide and (b) Au NPs-polysaccharide bioconjugates.
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Fig. 7. UV-vis spectra for the catalytic reduction of 4-nitrophenol by Au NPs-
polysaccharide bioconjugates.
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Fig. 8. Plot of In (A) versus time for the catalytic reduction of 4-nitrophenol by Au
NPs-polysaccharide bioconjugates.

formation of 4-aminophenolate ion in alkaline condition. The
absorption peak at 400 nm remained unaltered for a long dura-
tion in absence of Au NPs-polysaccharide bioconjugates. In con-
trast, with the addition of Au NPs-polysaccharide bioconjugates,
the absorption peak height at 400 nm successively decreased with
a concomitant appearance of two new absorption peaks around
230 and 300 nm with time, which was because of the generation
of 4-AP. Evaluation of small bubbles of H, gas surrounding the
catalyst particles helped in stirring the reaction mixture [21]. The
blank experiment by adding only the hetero-polysaccharide into
the aqueous solution of 4-NP and NaBH,4 mixture, did not change
the color or absorption peak of 4-nitrophenolate ions for more
than 24 h, which clearly demonstrated that the reduction of
4-NP by NaBH, is solely activated by Au NPs-polysaccharide
bioconjugates. In the UV-vis spectra two points are obvious
where all the spectra intersect each other, indicating that no
by-products are formed during the reaction [22]. The formation of
4-AP in the catalytic reaction was further confirmed by the 'H NMR
study in Dg-DMSO. In the spectrum, a doublet of doublet signal
was appeared in the range of 6 6.48-6.6 which is due to aromatic
protons ortho and para to amino group. The peak in the downfield
region at ¢ 8.41 can be assigned as phenolic proton and peak at o
4.39 can be assigned as aromatic amine protons. The 'H NMR
spectrum for the product is comparable to that of the authentic
4-AP. As the initial concentration of NaBH, largely greater than
the initial concentration of 4-NP, it can be assumed that concen-
tration of NaBH,4 remains constant with time during the reaction.
Hence, the reaction rate is independent on the concentration of
NaBH,. So pseudo-first-order rate kinetics with respect to 4-NP
concentration was used to evaluate the rate of the reaction. Fig. 8
shows a good linear correlation of In (A) versus time and reaction
rate constant is determined to be 2.67 x 10~2 min~ .

4. Conclusions

A simple green approach towards the synthesis of Au NPs
using a hetero-polysaccharide has been reported herein. The
hetero-polysaccharide serves the role of selfreducing and stabiliz-
ing agent and thus the hazards associated with the use of extra
stabilizing agent are avoided. These Au NPs are highly stable and
do not show any sign of agglomeration even after storage of three
months at room temperature. They also exhibit good catalytic
activity for the reduction of 4-NP in aqueous phase. This catalytic
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performance of the Au NPs may perhaps be used for the treatment
of waste water.
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The water-soluble polysaccharide isolated from hot aqueous extract of the fruit bodies of
somatic hybrid mushroom (pfle 1q) obtained through intergenic protoplast fusion between
Pleurotus florida and Lentinula edodes consists of p-galactose and p-mannose in a molar ratio
of nearly 2:1. The polysaccharide showed immunoenhancing activity by stimulating the
macrophage, splenocyte, and thymocyte. Based on the results of acid hydrolysis, methyla-

tion analysis, periodate oxidation, and NMR experiments (*H, *3C, DEPT-135, DQF-COSY,

Keywords:

Hybrid mushroom was established as

TOCSY, NOESY, ROESY, HSQC and HMBC) the repeating unit of the purified polysaccharide

Polysaccharide —6)-a-D-Galp-(1—6)-a-D-Galp-(1—
Structure 2
NMR analysis T
Immunoenhancing activity 1
B-D-Manp © 2013 Elsevier Ltd. All rights reserved.
1. Introduction reported by our group. Four different immunostimulating

Mushrooms have been consumed globally as tasty food and
nutritional supplements. Mushroom polysaccharides have
been recognized as the most potent antitumor and immu-
nostimulating materials (Borchers, Stern, Hackman, Keen, &
Gershwin, 1999; Nanba, Hamaguchi, & Kuroda, 1987; Mizuno
et al., 1990). Various mushroom polysaccharides such as
Lentinan derived from Lentinula edodes, Krestin (PSK) derived
from Coriolus versidor have been recommended for use as
anticancer drugs (Sasaki & Takasuka, 1976; Sakagami, Aoki,
Simpson, & Tanuma, 1991). A variety of immunoenhancing
polysaccharides from edible mushrooms (Bhunia et al., 2010)
and edible hybrid mushrooms (Patra et al., 2011) were

polysaccharides isolated from Pleurotues florida were also
reported by our group (Rout, Mondal, Chakraborty,
Pramanik, & Islam, 2004, 2005;Rout, Mondal, Chakraborty, &
Islam, 2006, 2008). Water insoluble (Sasaki & Takasuka, 1976)
and soluble B-glucans (Yu et al., 2010) extracted from L. edodes
were reported. Protoplast fusion between the strains of P.
florida and L. edodes produced nine new hybrid strains adopt-
ing the procedures as applied earlier (Chakraborty & Sikdar,
2010), and among them six strains, i.e., pfle 1o, pfle 1p, pfle 1q,
pfle 1r, pfle 1s, and pfle 1v produced fruit bodies. Recently a
(1-6)(1—3)-p-p-glucan was isolated from fruit bodies of one
of the hybrid strains pfle 1r (Maji et al., 2012). Aqueous extract
of the fruit bodies of another hybrid strain, pfle 1q, yielded a

*Corresponding author. Tel.: +91 03222 276558x437; Mob.:+91 99326 29971; fax: +91 03222 275329.

E-mail address: sirajul_1999@yahoo.com (S.S. Islam).
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single polysaccharide through Sepharose 6B gel purification.
The present polysaccharide is a mannogalactan consisting of
a main chain of (1-6)-linked p-galactopyranosyl moieties
with terminal p-mannopyranosyl linked at C-2 of the b-
galactopyranosyl residues, which was not obtained from
any of the parent mushrooms. Hence, the detailed structural
characterization and the immunoenhancing properties of
this polysaccharide were carried out and reported herein.

2. Materials and methods

2.1. Preparation of hybrid mushroom strain produced
between P. florida and L. edodes

The hybrid mushroom strain pfle 1q was produced through
polyethyleneglycol (30% PEG, MW-3350)-mediated somatic pro-
toplast fusion between P. florida and L. edodes. Hybrid strains
were selected based on the double selection method and after-
wards maintained in Potato-Dextrose-Agar medium. Spawn of
the hybrid strain was produced on paddy grain and mushroom
was produced on paddy straw substrate.

2.2.  Isolation, fractionation, and purification of the crude
polysaccharide

The hybrid mushroom of pfle 1q was cultivated and collected
from Falta experimental farm, Bose Institute. The fruit bodies
(500 g) were washed thoroughly and then boiled for 8h
with distilled water. After filtration through linen cloth, the
filtrate was centrifuged at 7670g (using a Heraeus Biofuge
stratos centrifuge) for 45 min at 4 °C and the supernatant was
collected and precipitated in ethanol (1:5, v/v). It was kept
overnight at 4 °C and again centrifuged as above. The pre-
cipitated material was washed four times with ethanol and
then freeze dried. The freeze dried material was dissolved in
40 mL of distilled water, and dialyzed through cellulose
membrane (Sigma-Aldrich, retaining M,, > 12,400 Da) against
distilled water for 48h to remove low molecular weight
carbohydrate materials. The aqueous solution was then
collected from the dialysis tube and freeze-dried, to yield
crude polysaccharide (315 mg).

The crude polysaccharide (25mg) was passed through
Sepharose 6B gel permeation column (90 x 2.1cm?) using
water as an eluant with a flow rate of 0.4 mL/min. Ninety-
five test tubes (2mL each) were collected using Redifrac
fraction collector and monitored spectrophotometrically at
490 nm with phenol-sulfuric acid reagent (York, Darvill,
McNeil, Stevenson, & Albersheim ,1986) using a Shimadzu
UV-vis spectrophotometer, model-1601. A single fraction (test
tubes 34-47) was collected and freeze-dried, yielding 10 mg
purified polysaccharide (PS). The purification process was
carried out in several lots.

2.3.  Monosaccharide analysis

PS (3.0 mg) was hydrolyzed with 2M CF;COOH (2ml) in a
round-bottom flask at 100 °C for 18 h in a water bath. The
excess acid was completely removed by co-distillation with
water. Then, the hydrolyzed product was reduced with

NaBH, (9 mg), followed by acidification with dilute CH;COOH,
and then co-distilled with pure CH;0H to remove excess boric
acid. The reduced sugars (alditol) were acetylated with 1:1
pyridine-acetic anhydride in a boiling water bath for 1h to
give the alditol acetates, which were analyzed by GLC.
Quantization was carried out from the peak area, using
response factors from standard monosaccharides.

2.4.  Methylation analysis

PS (4.0 mg) was methylated using the procedure described
by Ciucanu and Kerek (1984). The methylated products were
isolated by making partition between CHCl; and H,0 (5:2, v/v)
for four times. The organic layer containing products was
collected and dried. The methylated product was then hydro-
lyzed with 90% formic acid (1 mL) at 100 °C for 1 h and excess
formic acid was evaporated by co-distillation with distilled
water. The hydrolyzed product was then reduced with
sodium borohydride and acetylated with pyridine-acetic
anhydride (1:1). The alditol acetates of methylated sugars
were analyzed by GLC-MS.

2.5. Periodate oxidation

PS (5mg) was added to 2mL 0.1 M sodium metaperiodate
solution and the mixture was kept in the dark at 27 °C for
48h. The excess periodate was destroyed by adding 1,2-
ethanediol and the solution was dialyzed against distilled
water for 2 h. The dialyzed material was reduced with NaBH,
for 15h and neutralized with acetic acid. The resulting
material was dried by co-distillation with methanol. The
periodate-oxidized material (Goldstein, Hay, Lewis, & Smith,
1965; Hay, Lewis, & Smith, 1965) was divided into two
portions. One portion was hydrolyzed with 2M CF;COOH
for 18 h and this hydrolyzed material was used for alditol
acetates preparation as usual for GLC analysis. Another
portion was methylated by the method of Ciucanu and
Kerek (1984), followed by preparation of alditol acetates
which were analyzed by GLC-MS.

2.6.  Absolute configuration of monosaccharide

The absolute configuration of monosaccharide was deter-
mined by the method of Gerwig, Kamerling, and Vliegenthart
(1978). PS (1.0 mg) was hydrolyzed with CF;COOH, and then
the acid was removed by co-distillation with water. 250 pL
0.625 M HCl solution treated with R— (+)-2-butanol was added
to the hydrolyzed product and heated at 80 °C for 16 h. Then
the reactants were evaporated and TMS-derivatives were
prepared with N,O-bis (trimethylsilyl) trifluroacetamide
(BSTFA). The products were analyzed by GLC using a capillary
column SPB-1 (30 m x 0.26 mm) with a temperature program
(3 °C/min) from 150 to 210 °C. The resulting 2,3,4,6-tetra-O-
TMS-(+)-2-butylglycosides were identified by comparison
with those prepared from the p and 1 enantiomers of different
monosaccharides.



74 B1oACTIVE CARBOHYDRATES AND DIETARY FIBRE I (2013) 72-80

2.7.  Optical rotation

Optical rotation was measured on a Jasco Polarimeter model
P-1020 at 30.9 °C.

2.8.  Determination of molecular weight

The average molecular weight of PS was determined by a gel
permeation chromatography (Hara, Kiho, Tanaka, & Ukai, 1982).
Standard dextrans T-200, T-70, and T-40 were passed through a
Sepharose-6B column and then the elution volumes were
plotted against the logarithms of their respective molecular
weights. The elution volume of PS was then plotted on the same
graph, and the average molecular weight of PS was determined.

2.9. GLC experiments

GLC experiment was performed on a gas-liquid chromato-
graph Hewlett-Packard model 5730 MSD, having a flame
ionization detector and glass columns (1.8 m x 6 mm) packed
with 3% ECNSS-M (A) on Gas Chrom Q (100-120 mesh) and 1%
OV-225 (B) on Gas Chrom Q (100-120 mesh). All GLC analyses
were performed at 170 °C.

2.10. GLC-MS experiments

The gas-liquid chromatography-mass spectrometric (GLC-MS)
analysis was performed on a Shimadzu GLC-MS Model QP-2010
Plus automatic system, using ZB-5MS capillary column
(30 m x 0.25 mm). The program was isothermal at 150 °C; hold
time 5min, with a temperature gradient of 2 °C/min up to a
final temperature of 200 °C.

2.11. NMR studies

PS was dried over P,Os in vacuum for several days and then
exchanged with deuterium (Duefias Chaso et al., 1997) fol-
lowed by lyophilizing with D,0 (99.96% atom ?H, Aldrich) for
four times Then 'H, "*C, TOCSY, DQF-COSY, ROESY, NOESY,
HSQC and HMBC NMR spectra were recorded on a Bruker
Avance DPX-500 spectrometer at 30 °C. 0.25% and 1.2% (w/v)
of PS solution in D,0 were used for 'H and *3C experiments
respectively. The *"H NMR spectrum was recorded by suppres-
sing the HOD signal (fixed at 6 4.70 ppm) using the WEFT
pulse sequence (Hard, Zadelhoff, Moonen, Kamerling, &

HOD

Vliegenthart, 1992). The 2D-DQF-COSY experiment was car-
ried out using standard Bruker software. The TOCSY experi-
ment was recorded at a mixing time of 150 ms, and complete
assignment required several TOCSY experiments having
mixing times ranging from 60 to 300 ms. The NOESY and
ROESY mixing delay were 200 ms. The *C NMR experiments
of the PS were recorded using acetone as an internal stan-
dard, fixing the methyl carbon signal at 31.05 ppm. The delay
time in the HMBC experiment was 80 ms.

2.12. Test for macrophage activity by nitric oxide assay

RAW 264.7 growing in Dulbecco’s modified Eagle’s medium
(DMEM) was seeded in 96 well flat bottom tissue culture plates
at a concentration of 5 x 10° cells/mL (180 uL). Cells were left
overnight for attachment and then different concentrations of
PS (12.5, 25, 50, 100 and 200 pg/mL) were added. After 48 h of
treatment, culture supernatant of each well was collected and
NO content was estimated using the Griess reagent (1:1 of 0.1%
in 1-napthylethylenediamine in 5% phosphoric acid and 1%
sulfanilamide in 5% phosphoric acid). Lipopolysaccharide (LPS),
L6511 of Salmonella enterica serotype typhimurium (Sigma), was
used as a positive control.

2.13. Splenocyte and thymocyte proliferation assay

A single cell suspension of spleen and thymus was prepared
from normal mice under aseptic conditions by homogenization
in Hank’s balanced salt solution (HBSS). The suspension was
centrifuged to obtain cell pellet. The contaminating red blood
cells were removed by hemolytic Gey’s solution. After washing
two times with HBSS, the cells were resuspended in complete
RPMI. Cell concentration was adjusted to 1 x 10° cells/mL and
viability of splenocyte and thymocyte (as tested by trypan blue
dye exclusion) was always over 90%. The cells (180 uL) were
plated in 96 well flat bottom tissue culture plates and incubated
with 20 uL of different concentrations (12.5, 25, 50 and 100 pg/
mlL) of PS. PBS (10 mM, phosphate buffer saline, pH-7.4) was
taken as a negative control whereas lipopolysaccharide (LPS,
1 pug/mlL, Sigma, USA, Catalog no. L-6511, source: S. typhimurium)
served as positive controls. All cultures were set up for 72 h at
37°C in a humidified atmosphere of 5% CO,. Proliferation of
splenocyte (% Splenocyte Proliferation Index or % SPI) and
thymocyte (% Thymocyte Proliferation Index or % TPI) were
determined by the MTT assay method (Ohno et al., 1993).

il s,

Pm:z 4] 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 3-! 33

Fig. 1 - 'H NMR spectrum (500 MHz, D,0, 30 °C) of the PS isolated from hybrid mushroom (Pfle 1q) of Pleorutus florida and

Lentinula edodes.
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All the experiments were done twice with five replicates
and the results were represented as mean +standard devia-
tion. P value was calculated using one tailed student t-test in
Excel software. Difference in parameter between the treat-
ment group and the control group was considered as statis-
tically significant if P<0.05 (indicated with a “*” mark).

3. Results and discussion

3.1. Isolation, purification and chemical analysis of the
polysaccharide

The total carbohydrate of the PS was estimated to 98% using
the sulfuric acid-phenol method (York et al.,, 1986). In order
to check the presence of protein, UV analysis was monitored at
280 nm but lack of absorbance at 280 nm in the UV spectrum
indicated that the sample was free from protein The apparent
average molecular weight (Hara et al., 1982) of the PS fraction
was estimated as 1.55 x 10° Da, as determined from the calibra-
tion curve using dextrans of known molecular weight. The PS
showed a specific rotation of [o0]2*°+50.08 (c 0.09, water). The
GLC analysis of the alditol acetates of the hydrolyzed product of
PS confirmed the presence of mannose and galactose in a
molar ratio of nearly 1:2. The absolute configuration of the
monosaccharides was determined as b. The GLC-MS analysis of

partially methylated alditol acetates revealed the presence
of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-p-mannitol, 1,5,6-tri-
O-acetyl-2,3,4-tri-O-methyl-p-galactitol, 1,2,5,6-tetra-O-acetyl-
3,4-di-O-methyl-p-galactitol in a molar ratio of nearly 1:1:1.
Thus, PS was assumed to consist of terminal p-mannopyrano-
syl, (1-6)-linked bp-galactopyranosyl, and (1-2,6)-linked b-
galactopyranosyl moieties respectively. These linkages were
further confirmed by the periodate oxidation experiment. The
GLC-MS analysis of the alditol acetates of periodate
oxidized-reduced (Goldstein et al., 1965; Hay et al., 1965),
methylated PS showed total disappearance of sugar residues.
These results indicated that all the sugar residues were con-
sumed during oxidation. Thus, the mode of linkages present in
the PS was confirmed.

3.2.  NMR and structural analysis of polysaccharide

The *H NMR spectrum (Fig. 1) of PS showed the presence of
three signals in the anomeric region at § 5.14, 5.00 and
4.81 ppm in a ratio of nearly 1:1:1. They were designated A,
B, and C according to their decreasing proton chemical shifts.
Three signals in the anomeric region of *C spectrum (Fig. 2)
at 6 101.6, 98.3, and 97.8 ppm correlated to the residues C, A,
and B respectively from the HSQC spectrum (Fig. 3). The
rest of the 'H and *3C signals (Table 1) were assigned from

T
ppm 100 95 90 85

I T T I I
30 75 70 65 60

Fig. 2 - 1*C NMR spectrum (125 MHz, D,0, 30 °C) of the PS isolated from hybrid mushroom (Pfle 1q) of Pleorutus florida and

Lentinula edodes.
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Fig. 3 - HSQG spectrum (D,0, 30 °C) of the PS isolated from hybrid mushroom (Pfle 1q) of Pleorutus florida and Lentinula edodes.
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Table 1 - The 'H and *C NMR chemical shifts for the PS isolated from Pfle 1¢*® in D,0 at 30°C

Glycosyl residue H-1/C-1 H-2/C-2 H-3/C-3 H-4/C-4 H-5/C-5 H-6a, H-6b/C-6
—2,6)-0-D-Galp-(1— 5.14 3.95 4.01 4.12 3.90 3.70%, 3.90¢
A 98.3 76.9 68.5 69.5 69.1 66.6
—6)-0-p-Galp-(1— 5.00 3.85 4.02 3.86 3.89 3.715, 3.91¢
B 97.8 68.3 68.8 68.3 69.1 66.5
B-p-Manp-(1— 481 411 3.64 3.60 3.39 3.745, 3.92¢
C 101.6 70.4 72.9 66.7 76.2 61.0

2 Values of the 'H chemical shifts were recorded with respect to the HOD signal fixed at 6 4.70 at 30 °C.

b values of the *3C chemical shifts were recorded with reference to acetone as the internal standard and fixed at § 31.05 at 30 °C.

¢ Interchangeable.
4 Interchangeable.

|/ 46 86
7N
A6 B6 CG/
ppm! R A L N |
100 95 90 85 80 75 70 65 60
Fig. 4 - DEPT-135 spectrum (D,0, 30 °C) of the PS isolated from hybrid mushroom (Pfle 1q) of Pleorutus florida and Lentinula
edodes.
Table 2 - ROESY data for the PS isolated from hybrid
mushroom Pfle 1q.
ppm Glycosyl residue Anomeric ROE contact protons
!’/f proton
-_.___7 o A2 & Cs - 4.7 5 5 Residue,
atom
g ¢ o 9 @ 48
| 49 —2,6)-0-p-Galp-(1- 5.14 395  AH-=2
l B2 A 3.71 B H-6a
m < AthQ@® @Aba L 5.0 391  BH-6b
Beb B6a [ 51 —6)-0-p-Galp-(1- 5.00 385  BH-2
< A290 <&@ B 370  AH-6a
5.2 390  AH-6b
T T T | T T 1
ppm 43 42 4.1 40 39 38 3.7 3.6 35 34 33 B-p-Manp-(1— 4.81 4.11 CH-2
. . C 3.64 CH-3
Fig. 5 - Part of the ROESY spectrum of the PS isolated from 3.39 C H-5
hybrid mushroom (Pfle 1q) of Pleorutus florida and Lentinula 3:95 A H-2

edodes.

DQF-COSY, TOCSY, and HSQC experiments. The proton cou-
pling constants were measured from DQF-COSY experiment.

Among these three residues, residues A and B had coupling
constant values of Jy.» 1.3 ~9 Hz and Ji.3, y-4 ~3.5 Hz and thus,
they were confirmed as p-galactopyranosyl residues. The
anomeric proton (6 5.14 ppm for A and § 5.00 ppm for B) and
anomeric carbon chemical shifts (§ 98.3 ppm for A and & 97.8
ppm for B) as well as the coupling constant values (Jy.11.2
~3.1Hz and Jc.1u1 ~171Hz) confirmed that these residues
were present in o-configuration. In case of residue A, all the

proton and carbon chemical shifts except C-2 and C-6 were
nearly matched with the standard values of methyl glucosides
(Agarwal, 1992; Rinaudo & Vincendon, 1982). The downfield
shifts of C-2 (6 76.9 ppm) and C-6 (§ 66.6 ppm) with respect to
standard values indicated that it was linked at C-2 and C-6. The
linkage at C-6 was also supported by DEPT-135 spectrum (Fig. 4).
Thus, A was confirmed as (1-2,6)-linked «-p-galactopyranosyl
residue. For residue B, the downfield shift of C-6 (5 66.5 ppm)
with respect to standard values of methyl glucosides confirmed
that residue B contained C-6 linkage. The linkage at C-6 was
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Fig. 6 — Part of the HMBC spectrum of the PS isolated from hybrid mushroom (Pfle 1q) of Pleorutus florida and Lentinula edodes.

The delay time in the HMBC experiment was 80 ms.

Table 3 - The significant *J ¢ connectivities observed in an HMBC spectrum for the anomeric protons/carbons of the sugar

residues of the PS isolated from hybrid mushroom Pfle Iq.

Residue Sugar linkage H-1/C-1 Observed connectivities
du/dc du/dc Residue Atom
A —2,6)-0-p-Galp-(1— 5.14 68.5 A c-3
98.3 69.1 A C-5
66.5 B C-6
3.71 B H-6a
291l B H-6b
B —6)-0-p-Galp-(1— 5.00 68.8 B c-3
97.8 66.6 A C-6
3.70 A H-6a
3.90 A H-6b
C B-p-Manp-(1— 4.81 70.4 C C-2
101.6 76.9 A C-2
3.95 A H-2

further supported by DEPT-135 spectrum (Fig. 4). Therefore, B
was confirmed as (1-6)-linked o-p-galactopyranosyl residue.
The large coupling constant values (1.3, 14 ~7.5 Hz and Ji.4, u-s
~10 Hz) of residue C confirmed its mannopyranosyl configura-
tion. The anomeric proton (¢ 4.81 ppm) and anomeric carbon
chemical shifts (5 101.6 ppm) as well as the low coupling
constant values (Ji.1,4-2 ~0, Jc-114-1 ~161) confirmed that residue
C was present in B-configuration. All the proton and carbon
chemical shifts of residue C corresponded nearly to the

A B
—6)-a-D-Galp-(1—6)-a-D-Galp-(1—
2

1
C

standard values of methyl glycosides of f-p-mannose. Thus, C
was confirmed as terminal B-p-mannopyranosyl residue.

The different linkages that connected these three residues
were determined from ROESY (Fig. 5; Table 2) as well as
NOESY (not shown) spectrum. In ROESY spectrum, the inter-
residual connectivities were observed between AH-1/BH-6a
and BH-6b, BH-1/AH-6a and AH-6b, and CH-1/AH-2 along
with other intra-residual contacts. Thus, from ROESY spec-
trum the following linkages were established.

B A
—6)-a-D-Galp-(1—6)-a-D-Galp-(1—
2

1
A

B-D-Manp-(1—2)-0-D-Galp-(1—

6
1



78 B1oACTIVE CARBOHYDRATES AND DIETARY FIBRE I (2013) 72-80

These connectivities were further confirmed from the
HMBC experiment (Fig. 6; Table 3). In HMBC spectrum the
inter-residual cross-peaks were observed between AH-1/BC-6,
AC-1/BH-6a and BH-6b, BH-1/AC-6, BC-1/AH-6a and AH-6b,
CH-1/AC-2, and CC-1/AH-2. Thus, the HMBC and ROESY
connectivities clearly supported the presence of the following
repeating unit in the PS:

A B
—6)-a-D-Galp-(1—6)-a-D-Galp-(1—
2

1
1

B-D-Manp
C

3.3.  Assay for macrophage activity by NO

Mushroom polysaccharides function as immunostimulator
by activating the macrophages (Wasser, 2002). Macrophages
are white blood cells which play key roles in immune system
defense. They usually engulf and destroy bacteria and
viruses. Hence, macrophage activation induced by the PS
was tested in vitro. On treatment with different concentra-
tions of this PS it was observed that 25-34% of NO production
increased up to 25pug/mL. This was further increased by
87-114% at 50 and 100 pg/mL respectively, but decreased at
200 pg/mL (Fig. 7a). Hence, an enhanced production of NO i.e.,
the effective dose of this PS was observed at 100 pg/mL with
optimum production of 12.8 uM NO/5 x 10° macrophages.

3.4.  Splenocyte and thymocyte proliferation assay

Proliferation of splenocyte and thymocyte is an indicator of
immunostimulation (Ohno et al., 1993). The splenocyte and
thymocyte activation tests were carried out in mouse cell
culture medium with the PS by the MTT [3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide] method (Ohno
et al,, 1993). The PS was tested to stimulate splenocytes and
thymocytes and the results are shown in Fig. 7b and c
respectively. The asterisks on the columns indicated the
statistically significant differences compared to phosphate
buffer saline (PBS) control. The splenocyte and thymocyte
proliferation indices as compared to PBS control if closer to
100 or below indicate low stimulatory effect on immune
system. Both the splenocyte and thymocyte proliferation
indices were found maximum at 50 pg/mlL, above and below
which it decreases. Hence, it can be concluded that 50 pg/mL
is the optimum concentration of the PS for splenocyte and
thymocyte proliferation.

Mushroom polysaccharides have been recognized as biolo-
gical response modifiers (BRMs). Biological response modifiers
(BRMs) are the compounds which are capable of interacting
with the immune system to upregulate or downregulate the
host immune response. BRMs affect different cell types invol-
ving hematopoietic stem cells, innate (nonspecific) and adap-
tive (specific) immune systems, and cytokine networks and
signaling pathways and the activities also depend on their
mechanism of action or the site of activity (Tzianabos, 2000).
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Fig. 7 - (a) In vitro activation of macrophage stimulated with
different concentrations of the PS isolated from hybrid
mushroom (Pfle 1q) of Pleorutus florida and Lentinula edodes
in terms of NO production. Effect of different concentrations
of the PS isolated from hybrid mushroom (Pfle 1q) of
Pleorutus florida and Lentinula edodes on splenocyte (b) and
thymocyte (c) proliferation (“” means data is significant
compared to the PBS control with P<0.05).

The studies like NO production by macrophages, splenocyte
and thymocyte proliferations are preliminary steps to explore
whether the PS has any immunomodulating property or not.
However, further studies are needed in order to identify the
specific cells or cytokine pathway through which the PS exerts
its action. It is expected that the PS showing immunomodu-
lating properties in vitro may exhibit similar effect in vivo and
help in combating microbial infection including tuberculosis,
tumor cell eradication and autoimmune diseases.
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4, Conclusions

A water soluble polysaccharide (PS) was isolated from aqu-
eous extract of the fruit bodies of hybrid mushroom strain
pfle 1q obtained through intergenic protoplast fusion between
P. florida and L. edodes. The purified polysaccharide obtained
through Sepharose gel-filtration contained a main chain of
(1-6)-linked p-galactopyranosyl moieties with terminal p-
mannopyranosyl linked to C-2 of some of the p-galactopyr-
anosyl residues. This polysaccharide showed significant
macrophage, thymocyte and splenocyte activations. On the
basis of chemical analysis and NMR studies the structure of
the repeating unit of the PS was established as

—6)-a-D-Galp-(1—6)-a-D-Galp-(1—
2
T
1
B-D-Manp
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A water-soluble heteropolysaccharide (PS-I) having molecular weight ~2.1 x 10° Da was isolated from
hot aqueous extract of the fruit bodies of hybrid mushroom pfle 1p. The hybrid mushroom pfle 1p was
obtained through intergenic protoplast fusion between Pleurotus florida and Lentinula edodes. The heter-
opolysaccharide contained p-glucose, p-galactose, and p-mannose in a molar ratio of nearly 4:2:1. The
structural investigation of PS-I has been carried out using sugar and methylation analyses as well as
1D/2D NMR experiments ('H, '>C, DEPT-135, DQF-COSY, TOCSY, NOESY, ROESY, HSQC, and HMBC). Based
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on the results of these experiments, the repeating unit of the PS-I was established as:

—3)-B-D-Glcp-(1—3)-B-D-Glcp-(1—6)-a-D-Glep-(1—6)-a-D-Galp-(1—6)-a-D-Galp-(1—
4 2

T 1
1

1
B-D-Glcp B-D-Manp

PS-1 showed in vitro macrophage activation by NO production and also stimulated splenocytes and

thymocytes.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Mushrooms are enriched with various bioactive molecules.
Among them, B-glucans have been extensively studied and consid-
ered as the most potent antitumor and immunostimulating mate-
rials."”® Lentinan, a (1-3)-, (1-6)-B-glucan isolated from Lentinula
edodes is well known for its high antitumor activity.** Different

Abbreviations: Da, Dalton; pfle 1p, hybrid mushroom obtained through the
protoplast fusion between Pleurotus florida and Lentinula edodes; ETOH, ethyl
alcohol; Gal, galactose; Glc, glucose; GLC, gas liquid chromatography; GLC-MS, gas
liquid chromatography-mass spectrometry; HBSS, Hank's balanced salt solution;
HMBC, heteronuclear multiple bond correlation spectroscopy; HSQC, heteronuclear
single quantum coherence spectroscopy; Man, mannose; Me, methyl; NO, nitric
oxide; NOESY, nuclear overhauser effect spectroscopy; PBS, phosphate buffered
saline; ROESY, rotating frame overhauser effect spectroscopy; TMS, tri methyl silyl;
TOCSY, total correlation spectroscopy.

* Corresponding author. Tel.: +91 03222 276558x437, mobile: +91 9932629971;
fax: +91 03222 275329.
E-mail address: sirajul_1999@yahoo.com (S.S. Islam).
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types of glucans from Pleurotus florida also exhibit significant
immunostimulating properties.®’ In addition to the antitumor
B-glucans, researchers have focused on heteroglycan which also
has significant biological activities.>®> The structure of different
heteroglycans may contain backbones of (1-6)- and (1-3)- or
both (1-6)-(1-3)-linked o-galactose, a-glucose, or B-glucose
with mainly fucose, mannose, or glucose as nonreducing resi-
dues.8'! Recently, Dey et al. and Patra et al. have isolated different
immunostimulating heteroglycans from edible mushroom and hy-
brid mushroom.!?!3 Protoplast fusion between the strains of Pleu-
rotus florida and Lentinula edodes produced nine new hybrid strains
adopting the procedure as applied earlier' out of which six strains,
that is, pfle 1o, pfle 1p, pfle 1q, pfle 1r, pfle 1s, and pfle 1v produced
fruit bodies. Recently, a (1—3)-, (1—-6)-B-p-glucan, and a hetero-
glycan have been isolated from one such hybrid strain pfle 1r.>16
Two water soluble polysaccharides (PS-I and PS-II) were isolated
from the fruit bodies of pfle 1p. PS-I was found to consist of
p-glucose, p-galactose, and p-mannose in a molar ratio of nearly
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4:2:1 and PS-II consisted of mannose, 3-O-Me-galactose, and gal-
actose in a ratio of nearly 1:1:1. In the present work, the detailed
structural investigation and study of immunostimulating proper-
ties of PS-I were carried out and reported herein.

2. Results and discussion
2.1. Isolation, purification and chemical analysis of PS-I

The fresh mushroom fruit bodies were washed thoroughly and
then boiled with distilled water for 10 h followed by filtration, cen-
trifugation, and precipitation in ethyl alcohol (EtOH), and freeze
drying to yield 290 mg of crude polysaccharide. Purification of this
water soluble crude polysaccharide (25 mg) through Sepharose 6B
column yielded two fractions. Fraction I (test tubes, 15-23) and
fraction II (test tubes, 29-35) were collected and freeze dried,
yielding purified polysaccharide of 11 mg PS-I and 8 mg PS-II,
respectively. The PS-I showed specific rotation [¢]3? +32.6
(c 0.886, water). The average molecular weight of PS-1 was esti-
mated as ~2.1 x 10° Da from a calibration curve prepared with
standard dextrans. GLC analysis of alditol acetates of hydrolyzed
product of PS-I confirmed the presence of glucose, galactose, and
mannose almost in a ratio of 4:2:1. The absolute configuration of
the sugar residues was determined as D. The GLC-MS analysis of
partially methylated alditol acetates of PS-I revealed the presence
of seven peaks. The peaks were assigned as 2,3,4,6-Me,-Glc,
2,3,4,6-Mes-Man, 2,3,4-Mes-Gal, 2,3,4-Mesz-Glc, 2,4,6-Mes-Glc,
2,6-Me,-Glc, and 3,4-Me,-Gal in a ratio of nearly 1:1:1:1:1:1:1.
Thus, PS-I was assumed to consist of terminal p-glucopyranosyl,
and p-mannopyranosyl, (1—6)-linked p-galactopyranosyl, (1-6)-
linked  p-glucopyranosyl, (1-3)-linked  p-glucopyranosyl,
(1-3,4)-linked p-glucopyranosyl, and (1-2,6)-linked p-galacto-
pyranosyl moieties, respectively. These linkages were further con-
firmed by periodate oxidation experiment. The GLC-MS analysis of
the alditol acetates of periodate oxidized-reduced and methylated
PS-I showed the presence of 2,6-Me,-Glc and 2,4,6-Mes-Glc in a
molar ratio of nearly 1:1. These results clearly indicated that the
all other moieties except (1-3,4)-linked p-glucopyranosyl and
(1-3)-linked p-glucopyranosyl were consumed during oxidation.
Thus, the mode of linkages present in the PS-I was confirmed.

2.2. NMR and structural analysis of PS-I

The 'H NMR spectrum (Fig. 1) showed seven peaks in the ano-
meric region. The peaks were observed at ¢ 5.35, 5.12, 4.98, 4.78,
4.75, 4.51, and 4.49 in a ratio of nearly 1:1:1:1:1:1:1. They were
designated as A, B, C, D, E, F, and G according to their decreasing
proton chemical shifts. Seven peaks in the anomeric region of 'C
spectrum (Fig. 2a) at 6 97.8, 98.2, 99.7 101.7, 102.4, 102.5, 102.8
correlated to the residues C, B, A, D, E, F, and G, respectively, from
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the HSQC spectrum (Fig. 3 and Table 1). All the 'H and '3C signals
were assigned using DQF-COSY, TOCSY, HSQC experiments. The
proton coupling constants were measured from DQF-COSY experi-
ment. Among these seven residues, residues A, E, F, and G have
large coupling constant values of Jyop-3, and Jyspa (~10Hz)
and thus they are confirmed as p-glucopyranosyl residues. Again,
among these p-glucopyranosyl residues, residue A is the only o
anomer (Jy.1u2 ~3.0Hz and Jy.1c.1 ~170 Hz) and the rest are B
anomers (Jy-1n-2 ~8.5Hz and Jy.1c1 ~161 Hz). Similarly, from
the coupling constant values, B and C are established as a-linked
(Ju-1u2 ~3.1 and Jci1p.1 ~171Hz) p-galactopyranosyl (Jy-2u-3
~9Hz and Jy3u4 ~3.5Hz) moieties and D is determined as
B-linked (Ju-1p2 ~0, Jcoim-1 ~161) mannopyranosyl (Ju-3u-4
~7.5Hz and Jy_4n-5s ~10 Hz) moiety.

In the case of residues A and C, all the proton and carbon chem-
ical shifts except C-6 were matched nearly with the standard val-
ues of methyl glycosides.!”'® A downfield shift of C-6 (66.9 ppm
for A and 66.6 ppm for C) was observed. These observations con-
firmed that both the residues A and C contained C-6 linkages.
Therefore, A was determined as (1—6)-linked o-p-glucopyranosyl
residue and C as (1-6)-linked a-p-galactopyranosyl residue. Fur-
thermore, the DEPT-135 spectrum (Fig. 2b) confirmed the C-6 link-
ages in both of these residues. On the other hand, the downfield
shifts of C-2 (77 ppm) and C-6 (66.4 ppm) of residue B with respect
to standard values indicated that it was linked at C-2 and C-6. The
linkage at C-6 of residue B was also supported by DEPT-135 spec-
trum. Thus, B was confirmed as (1-2,6)-linked a-p-galactopyran-
osyl residue. All the proton and carbon chemical shifts for residues
D and G corresponded nearly to the standard values of methyl gly-
cosides of mannose and glucose, respectively. Thus, D was con-
firmed as terminal pB-p-mannopyranosyl residue and G as
terminal B-p-glucopyranosyl residue. The downfield shift of C-3
(84 ppm) of residue E in comparison to the standard values indi-
cated that it was linked at C-3 position. Hence, E was established
as the (1-3)-linked B-p-glucopyranosyl residue. In case of residue
F, downfield shifts at C-3 and C-4 were observed indicating that it
was linked at C-3 and C-4. Thus, F was confirmed as (1-3,4)-
linked B-p-glucopyranosyl residue. Since, residue F was present
in the rigid part of the molecule, its C-3 (83.1 ppm) appeared at
the more upfield region in comparison to the C-3 (84 ppm) of E.

The different linkages that connected these seven residues were
determined from NOESY (Fig. 4 and Table 2) as well as ROESY
spectrum (not shown). In NOESY spectrum, the inter-residual con-
nectivities were observed between AH-1/BH-6a; AH-1/BH-6b; BH-
1/CH-6a; BH-1/CH-6b; CH-1/EH-3; DH-1/BH-2; EH-1/FH-3; FH-1/
AH-6a; FH-1/AH-6b; GH-1/FH-4 along with other intra-residual
contacts. Finally, these connectivities were confirmed from HMBC
spectrum (Fig. 5a and b). In this spectrum the inter-residual cross-
peaks (Table 3) were observed between AH-1/BC-6; AC-1/BH-6a
and BH-6b; BH-1/CC-6; BC-1/CH-6a and CH-6b; CH-1/EC-3; CC-1/

T
32 30

Figure 1. "H NMR spectrum (500 MHz, D,0, 30 °C) of PS-I, isolated from hydrid mushroom pfle 1p.
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Figure 2. (a) '>*C NMR spectrum (125 MHz, D50, 30 °C) (b) with insert of the part of DEPT-135 spectrum (D0, 30 °C) of the PS-I, isolated from hydrid mushroom pfle 1p.
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Figure 3. HSQC spectrum of PS-I, isolated from hydrid mushroom pfle 1p.
Table 1
The 'H and '*C NMR chemical shifts for the PS-I isolated from pfle 1p*° in D0 at 30 °C
Glycosyl residue H-1/C-1 H-2/C-2 H-3/C-3 H-4/C-4 H-5/C-5 H-6a, H-6b/C-6
—6)-0-p-Glep-(1— 5.35 3.67 3.69 3.38 416 3.88, 3.64¢
A 99.7 70.4 72.8 69.6 68.8 66.9
-2,6)-0-0-Galp-(1— 5.12 3.94 3.99 4.04 411 3.87,° 3.66¢
B 98.2 77.0 68.5 69.6 69.1 66.4
—6)-0-p-Galp-(1— 498 3.83 3.87 4.08 4.01 3.88, 3.68¢
C 97.8 68.8 69.1 70.4 69.1 66.6
B-b-Manp-(1— 478 4.09 3.63 3.58 3.37 3.90,3.71 ¢
D 101.7 70.4 73.0 66.8 76.3 61.1
—3)-p-p-Glep-(1— 475 3.51 3.73 3.43 3.61 3.86, 3.73¢
E 102.4 73.2 84.0 69.5 75.8 60.8
—3,4)-B-p-Glcp-(1— 4.51 3.42 3.71 3.38 3.62 3.88,°3.72¢
F 102.5 73.0 83.1 76.3 74.2 60.8
B-p-Glep-(1— 4.49 3.30 3.49 3.45 3.47 3.89,3.70¢
G 102.8 74.2 76.0 69.6 76.0 60.8

3 Values of the 'H chemical shifts were recorded with respect to the HOD signal set at § 4.70 ppm at 30 °C.
b Values of the >C chemical shifts were recorded with reference to acetone as the internal standard and set at § 31.05 ppm at 30 °C.
¢4 Interchangeable.
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Figure 4. Part of NOESY spectrum of PS-], isolated from hydrid mushroom pfle 1p.

The NOESY mixing time was 300 ms.

Table 2
NOESY data for the PS-I isolated from hybrid mushroom pfle 1p

Glycosyl residue Anomeric proton NOE contact protons

) d Residue, atom
—6)-0-p-Glcp-(1-A 535 3.67 AH-2
3.87 BH-6a
3.66 BH-6b
—-2,6)-0-p-Galp-(1-B 5.12 3.94 BH-2
3.99 BH-3
3.88 CH-6a
3.68 CH-6b
—6)-0-p-Galp-(1-C 4.98 3.83 CH-2
3.87 CH-3
3.73 EH-3
B-p-Manp-(1-D 4.78 4.09 DH-2
3.63 DH-3
3.37 DH-5
3.94 BH-2
—3)-p-p-Glcp-(1-E 4.75 3.73 EH-3
3.61 EH-5
3.71 FH-3
—3,4)-B-p-Glcp-(1-F 4.51 3.71 FH-3
3.62 FH-5

3.88 AH-6a
3.64 AH-6b

B-0-Glep-(1-G 4.49 3.49 GH-3
3.47 GH-5
3.38 FH-4

EH-3; DH-1/BC-2; DC-1/BH-2; EH-1/FC-3; EC-1/FH-3; FH-1/AC-6;
FC-1/AH-6a and AH-6b; GH-1/FC-4; and GC-1/FH-4. Thus, the prob-
able structural motif present in PS-1 was established as:

E F A B C
—3)-B-D-Glep-(1—3)-B-D-Glep-(1—6)-0-D-Glep-(1—6)-0-D-Galp-(1—6)-a-D-Galp-(1—
4 2

1
1

i
1

B-D-Manp

B-D-Glep
G D

2.3. Assay for macrophage activity by NO

To test immunomodulatory effects of PS-I, murine macrophages
were incubated with PS-I in a humidified atmosphere of 5% CO, at
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Figure 5. (a) The part of HMBC spectrum for anomeric protons, and (b) the part of
HMBC spectrum for anomeric carbons of PS-I, isolated from hydrid mushroom pfle
1p.

37 °C for 48 h and the production of nitric oxide (NO) was measured
using Griess reagent (1:1 of 0.1% in 1-napthylethylenediamine in 5%
phosphoric acid and 1% sulfanilamide in 5% phosphoric acid). On
treatment with different concentrations of the PS-I, it was observed
that NO production increased with increase in concentration up to
50 pg/mL with optimum production of 19.27 uM NO per 5 x 10°
macrophages at 50 pg/mL which subsequently decreased with in-
crease in concentration (Fig. 6a). Hence, the effective dose of the
PS-I for macrophage activation was 50 pig/mL.

2.4. Splenocytes and thymocytes proliferation assay

Spenocytes are the cells present in the spleen that include T
cells, B cells, dendritic cells, etc that stimulate the immune re-
sponse in living organism whereas thymocytes are hematopoietic
cells present in the thymus and the primary function of which is
the generation of T cells. Proliferation of splenocytes and thymo-
cytes is an indicator of immunostimulation.'® Spenocytes and
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Table 3

The significant 3J;;c connectivities observed in an HMBC spectrum for the anomeric
protons/carbons of the sugar residues of the PS-I isolated from hybrid mushroom pfle
Ip

Residue Sugar linkage H-1/C-1 Observed connectivities
duldc Suldc Residue Atom
A —6)-0-p-Glcp-(1— 535 72.8 A C-3
66.4 B C-6
99.7 3.69 A H-3
3.87 B H-6a
3.66 B H-6b
B —2,6)-0-p-Galp-(1— 5.12 68.5 B C-3
69.1 B C-5
66.6 C C-6
98.2 3.99 B H-3
3.88 C H-6a
3.68 C H-6b
C —6)-0-p-Galp-(1— 4.98 69.1 C C-3
69.1 C C-5
84.0 E C-3
97.8 3.83 C H-2
3.73 E H-3
D B-p-Manp-(1— 4.78 70.4 D C-2
73.0 D C-3
77.0 B C-2
101.7 4.09 D H-2
337 D H-5
3.94 B H-2
E —3)-p-p-Glep-(1- 4.75 84.0 E C-3
83.1 F C-3
1024 3.73 E H-3
3.71 F H-3
F —3,4)-B-p-Glcp-(1— 4,51 74.2 F C-5
66.9 A C-6
102.5 3.62 F H-5
3.88 A H-6a
3.64 A H-6b
G B-p-Glcp-(1— 4.49 74.2 G C-2
76.3 F C-4
102.8 3.49 G H-3
3.47 G H-5
3.38 F H-4

thymocytes proliferation in the presence of PS-I was used to eval-
uate cell stimulatory effects on the immune cell activation. The PS-
I was tested to stimulate splenocytes and thymocytes and the re-
sults are shown in Figure 6b and c, respectively. All the experi-
ments were done twice with seven replicates and the results
were represented as mean * standard deviation using two tailed
statistical analysis. The splenocytes and thymocytes proliferation
indices as compared to PBS control if closer to 100 or below indi-
cate low stimulatory effect on immune system. Difference in
parameter between the treatment group and the control group
was considered as statistically significant if P < 0.05 (indicated with
a “* mark). Both the splenocytes and thymocytes proliferation indi-
ces were found maximum at 50 pg/mL, above and below which it
decreases. Hence, it can be concluded that 50 pg/mL is the opti-
mum concentration of the PS-I for splenocytes and thymocytes
proliferation.

3. Materials and methods
3.1. Preparation of hybrid mushroom strain pfle 1p

The hybrid mushroom strain pfle 1p was produced through
polyethyleneglycol (30% PEG, MW-3350)-mediated somatic proto-
plast fusion between Pleurotus florida and Lentinula edodes. Hybrid
strains were selected based on double selection method and after-
ward maintained in Potato-Dextrose-Agar medium. Spawn of the
hybrid strain was produced on paddy grain and mushroom was
produced on paddy straw substrate.
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Figure 6. (a) In vitro activation of macrophage stimulated with different concen-
trations of PS-I in terms of NO production. Effect of different concentrations of PS-I
on (b) splenocyte and (c¢) thymocyte proliferation. (*” means data are significant
compared to the PBS control).

3.2. Isolation, fractionation, and purification of the crude
polysaccharide

The hybrid mushroom of pfle 1p was cultivated and collected
from the Falta experimental farm, Bose Institute. The fruit bodies
(300 g) were washed thoroughly with distilled water and then
boiled for 10 h with distilled water. Next the boiled mushroom ex-
tract was cooled and filtrated through a linen cloth. The filtrate was
collected and centrifuged at 7670xg (using a Heraeus Biofuge stra-
tos centrifuge) for 45 min at 4 °C. The supernatant was collected
and precipitated in ethanol. It was kept overnight at 4 °C and again
centrifuged. The precipitated material was washed four times with
ethanol and then dissolved in a minimum volume of distilled water
and dialyzed through cellulose membrane (Sigma-Aldrich, retain-
ing M,, > 12,400 Da) against distilled water for 48 h to remove low
molecular weight carbohydrate molecules. The aqueous solution
was then collected from the dialysis tube and freeze-dried yielding
290 mg crude polysaccharide.

The crude polysaccharide (25 mg) was passed through Sephar-
ose 6B gel permeation column (90 x 2.1 cm) using water as eluant
with a flow rate of 0.4 mL/min. Ninety five test tubes (2 mL each)
were collected using Redifrac fraction collector and monitored
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spectrophotometrically at 490 nm with phenol-sulfuric acid
reagent?® using a Shimadzu UV-vis spectrophotometer, model-
1601. Two fractions of purified polysaccharide named PS-I and
PS-1I were obtained. The purification process was carried out in
several lots.

3.3. Monosaccharide analysis

PS-1 (3.0 mg) was hydrolyzed with 2 M trifluoro acetic acid
(CF3COOH, 2 mL) in a round-bottomed flask at 100 °C for 18 h in
a water bath. The excess acid was completely removed by co-dis-
tillation with water. The hydrolyzed product was reduced with so-
dium borohydride (NaBH,4, 9 mg) followed by acidification with
dilute acetic acid (CH3COOH), and then co-distilled with pure
methanol (CH30H) to remove excess boric acid. The reduced sugars
were acetylated with 1:1 pyridine/acetic anhydride in a boiling
water bath for 1 h to prepare the alditol acetates, which were ana-
lyzed by GLC. Quantization was carried out from the peak area,
using response factors from standard monosaccharides.

3.4. Methylation analysis

PS-I (4.0 mg) was methylated using the procedure described by
Ciucanu and Kerek.?! The methylated products were isolated by
making a partition between chloroform (CHCl3) and water (5:2,
v/v) four times. The organic layer containing products was col-
lected and dried. The methylated product was then hydrolyzed
with 90% formic acid (1 mL) at 100 °C for 1 h and excess formic
acid was evaporated by co-distillation with distilled water. The
hydrolyzed product was then reduced with sodium borohydride
and acetylated with pyridine-acetic anhydride (1:1). The alditol
acetates of methylated sugars were analyzed by GLC-MS.

3.5. Periodate oxidation

PS-1 (5 mg) was added to 2 mL 0.1 M sodium metaperiodate
solution and the mixture was kept in the dark for 48 h at room
temperature. The excess periodate was destroyed by adding 1,2-
ethanediol, and the solution was dialyzed against distilled water
for 2 h. The dialyzed material was reduced with sodium borohy-
dride (NaBH4) for 15h and neutralized with acetic acid. The
resulting material was dried by co-distillation with methanol.
The periodate-oxidized material?>?*> was divided into two por-
tions. One portion was hydrolyzed with 2 M trifluro aceic acid
for 18 h, and this hydrolyzed material was used for alditol ace-
tates preparation as usual for GLC analysis. Another portion was
methylated by the method of Ciucanu and Kerek,?' followed by
the preparation of alditol acetates which were analyzed by
GLC-MS.

3.6. Absolute configuration of monosaccharide

The absolute configuration of monosaccharide was determined
by the method of Gerwig et al.2* PS-I (1.0 mg) was hydrolyzed
with CF3COOH, and then the acid was removed by co-distillation
with water. 250 pL 0.625 M HCI solution treated with R-(+)-2-
butanol was added and heated at 80°C for 16 h. The reactants
were evaporated and trimethylsilyl (TMS) derivatives were
prepared with N,0-bis (trimethylsilyl) trifluroacetamide (BSTFA).
The products were analyzed by GLC using a capillary column
SPB-1 (30m x 0.26 mm) with a temperature program
(3°Cmin~!) from 150 to 210°C. The resulting (+)-2-butyl-
2,3,4,6-tetra-O-TMS-glycosides were identified by comparison
with those prepared from the p and L enantiomers of different
monosaccharides.

3.7. Optical rotation

Optical rotation was measured on a Jasco Polarimeter model P-
1020 at 29.2 °C.

3.8. Determination of molecular weight

The average molecular weight of PS-I was determined by gel
permeation chromatography.?®> Standard dextrans T-200, T-70,
and T-40 were passed through a Sepharose-6B column and then
the elution volumes were plotted against the logarithms of their
respective molecular weights. The elution volume of PS-1 was plot-
ted on the same graph, and the average molecular weight of PS-I
was determined.

3.9. GLC experiments

GLC experiment was performed on a Hewlett-Packard model
5730 MSD, having a flame ionization detector and glass columns
(1.8 m x 6 mm) packed with 3% ECNSS-M (A) on Gas Chrom Q
(100-120 mesh) and 1% OV-225 (B) on Gas Chrom Q (100-120
mesh). All GLC analyses were performed at 170 °C.

3.10. GLC-MS experiments

The Gas-liquid chromatography-mass spectrometric (GLC-MS)
analysis was performed on a Shimadzu GLC-MS Model QP-2010
Plus automatic system, using ZB-5MS capillary column
(30 m x 0.25 mm). The program was isothermal at 150 °C; hold
time 5 min, with a temperature gradient of 2 °C min~! up to a final
temperature of 200 °C.

3.11. NMR studies

PS-1 was dried over P,0s in vacuum for several days and then
exchanged with deuterium?® followed by lyophilizing with D,0
(99.96% atom 2H, Aldrich) for four times. Then 'H, 'C, TOCSY,
DQF-COSY, ROESY, NOESY, HSQC and HMBC NMR spectra were re-
corded on a Bruker Avance DPX-500 spectrometer in D,0 at 30 °C.
The 'H NMR spectrum was recorded by suppressing the HOD sig-
nal (set at § 4.70 ppm) using the WEFT pulse sequence.?” The 2D-
DQF-COSY experiment was carried out using standard Bruker soft-
ware. The TOCSY experiment was recorded at a mixing time of
150 ms, and complete assignment required several TOCSY experi-
ments requiring several mixing times ranging from 60 to 300 ms.
The NOESY and ROESY mixing delay was 200 ms. The '*C NMR
experiments were carried out using acetone as internal standard,
setting the methyl carbon signal at 6 31.05 ppm. The delay time
in the HMBC experiment was 80 ms. All the chemical shifts were
reported in ppm.

3.12. Study of immunostimulating activities of PS-I

3.12.1. Test for macrophage activity by nitric oxide assay

RAW 264.7, a murine macrophage cell line growing in Dul-
becco’s modified Eagle’s medium (DMEM) was seeded in 96 well
flat bottomed tissue culture plate at a concentration of
5 x 10° cells/mL (180 pL).2® Cells were left overnight for attach-
ment and then incubated with different concentration of PS-I
(12.5, 25, 50, 100, and 200 pg/mL) in a humidified atmosphere of
5% CO, at 37 °C for 48 h. After 48 h of treatment, culture superna-
tant of each well was collected and NO content was estimated
using Griess reagent (1:1 of 0.1% in 1-napthylethylenediamine in
5% phosphoric acid and 1% sulfanilamide in 5% phosphoric acid).?®
Lipopolysaccharide (LPS, L6511 of Salmonella enterica serotype
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typhimurium, Sigma, 4 pg/mL) was used as positive control and
soluble starch (Merck, India, 100 pg/mL) as negative control.

3.12.2. Splenocytes and thymocytes proliferation assay

A single cell suspension of spleen and thymus was prepared
from normal mice under aseptic conditions by homogenization in
Hank’s balanced salt solution (HBSS).2° The suspension was centri-
fuged to obtain a cell pellet. The contaminating red blood cells
were removed by hemolytic Gey’s solution. After washing two
times with HBSS, the cells were resuspended in complete Rose well
Park Memorial Institute (RPMI) 1640 medium (Source-GIBCO, USA,
Cat. No. 31800-022). Cell concentration was adjusted to
1 x 106 cells/mL and the viability of splenocytes and thymocytes
(as tested by trypan blue dye exclusion) was always over 90%.
The cells (180 pL) were plated in 96 well flat bottomed tissue cul-
ture plates (1.8 x 10° cells/well) and incubated with 20 L of var-
ious concentrations of PS-I (12.5, 25, 50, 100, and 200 pg/mL).
PBS (10 mM, phosphate buffered saline, pH 7.4) was taken as car-
rier control and soluble starch (Merck, India, 100 pg/mL) as nega-
tive control. Lipopolysaccharide (LPS, L6511 of Salmonella enterica
serotype typhimurium, Sigma, 4 pg/mL) served as positive control
for splenocytes and Concavalin A (Himedia, 10 pg/mL) for thymo-
cytes. All cultures were set up at 37 °C for 72 h in a humidified
atmosphere of 5% CO,. Proliferation of splenocytes (% Splenocyte
Proliferation Index or % SPI) and thymocytes (% Thymocyte Prolif-
eration Index or % TPI) were determined by MTT 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay method.>!-*?
All the experiments were done twice with seven replicates. The re-
sults were represented as mean + standard deviation and com-
pared against the PBS control.?93°
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