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Synopsis

The present thesis entitle8 TUDIES ON STRUCTURAL INVESTIGATION OF
PLANT AND MUSHROOM POLYSACCHARIDES " deals with determination of the
structural characterization of some biologically portant plant and mushroom
polysaccharides. The entire thesis is divided fivi® chapters.

Chapter-I: It represents the general introduction to carbohysratelysaccharides, plant,

and mushroom polysaccharides and their biologici@ides.

Chapter-I1l : It represents the general methodologies adoptadglthe entire thesis work.

Chapter-Ill : It represents the isolation, purification andistural characterization of the
polysaccharide isolated from the rhizomes @ircuma zedoaria and published in
Carbohydrate polymers, 2011, 86, 1252-1259.

Chapter-IV: It describes the isolation and structural chaméxation of the
polysaccharide isolated from the edible mushro&garicus bitorquis. This work has
been published i€arbohydrate Research, 2008 343, 3120-3122.

Chapter-V: This is one of the major parts of the thesis Wwhdescribes the isolation and
chemical analysis of the polysaccharide isolatedchfa hybrid mushroom. This work has
been published i€arbohydrate Research, 2011, 346, 2451-2456.

Chapter-I

A carbohydrate is an organic compound with the empirical formuCa(H.0),
(wheremcould be different fromn) consisting of carbon, hydrogen, and oxygen.
Carbohydrates perform a numerous roles in livinggh There are three different types
saccharide (a synonym of carbohydrate) namely namobsride, oligosaccharide, and
polysaccharide. The great bulk of the carbohydraitesnature are present as
polysaccharides which have relatively large molecular weights.eTpolysaccharides
serve two principal functions- (1) these are usgdobth plants and animals to store
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glucose as a source of future food energy (2) Tpreyide some of the mechanicals
structure of cells.

Like all fungi, mushrooms are not plants and do unadergo photosynthesis. By the
term ‘mushroom’ we meara“macrofungus with a distinctive fruiting body which can be
either hypogeous or epigeous, large enough to be seen with the naked eye and to be
picked by hand”. Mushrooms are nutritionally beneficial and ased as folk medicine in
different countries throughout the years. They also important for their
immunomodulatory and antitumor activities. Poly$eoales isolated from both the
mushroom and plant origin showed their great role an antitumor and
immunomodulatory effects. Mushroom polysaccharides used against cancers of
stomach, esophagus, lungs, and colons and als@sacnti-inflammatory, antiviral
(against AIDS), hypoglycaemic, and antithrombotigemsts. Some mushroom
polysaccharides like_entinan from Lentinus edodes (Japan), Schizophyllan from
Schizophyllum commune, Agarican from Agaricus blazei (USA), Maitake from Grifola

frondosa (Japan) itself have been used clinically as anti-tumaoerag.

Chapter-11

This chapter deals with the methodologies adopteohd the structural elucidation of
the polysaccharide. Before the structural chareetiéon, polysaccharide first isolated
from the mushroom or the plant origin. The poly$ecles are purified using different
chromatographic techniques. The exact structur¢hefpolysaccharides is determined
using two types of methods: (1) Chemical method theludes total acid hydrolysis,
Paper chromatography, methylation study, periodatielation etc. (2) Spectroscopic
method comprising of 1D, **C) and 2D NMR (DQF-COSY, TOCSY, NOESY,
ROESY, HMQC, HMBC etc), and mass spectroscopic exats (GLC and GLC-MS).

Chapter-111

Curcuma zedoaria is an important medicinal tuber plant belongingthe family
Zingiberaceae. Plants of the ginger family (Zingdmeae) have been widely used as

spices and as traditional medicines in many Asianntries, and their medicinal

II
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functions have been broadly discussed and accaptedny traditional recipes. Different
parts ofCurcuma zedoaria have been used in Ayurveda and other traditiorediomnes
and also the rhizomes @&. zedoaria were adequately accepted as a rich source of
medicines. Two polysaccharides (PS), water solabl& water insoluble, were isolated
from the hot water extract of rhizomes ©f zedoaria of which the detailed structural
characterization of water soluble polysaccharideaisied out in this chapter. The water
soluble PS was fractionated through S-6B columrdiyig only one fraction. The
apparent molecular weight of the polysaccharide @ggnated from a calibration curve
prepared with standard dextrans as 1.88XDa and it showed specific rotation of
[a]p?°° + 134.8 ¢ 0.54, water). The polysaccharide (4.0 mg) on agittolysis with 2 M
CRCOH (2 mL) followed by paper chromatographic analys®wed the presence of
rhamnose, glucose, galactose, galacturonic acidaaaginose. GLC analysis of alditol
acetates of the sugars showed the presencelaEmnosep-glucose p-galactose and-
arabinose in a molar ratio of 1:1:1:1, but carbenegduced PS on hydrolysis followed by
GLC examination showed the presence of above sugavsin a molar ratio of 1:1:2:1.
This result confirmed the presence mfgalacturonic acid in the polysaccharide. The
absolute configuration of the polysaccharide wdserd@ned by the method of Gerwig et
al. taking intact polysaccharide and carboxyl-reglipolysaccharide into consideration

and confirmed by NMR-experiment.

The polysaccharide was methylated using Ciucanukarék method followed by
hydrolysis and alditol acetate preparation. Theit@ldacetates of the methylated
polysaccharide were analyzed and identified by GLE-experiment, which revealed the
presence of 1,5-dD-acetyl-2,3,4-triO-methyli-rhamnitol, 1,5,6-tri©-acetyl-2,3,4-tri-
O-methyl-D-glucitol, 1,3,4,5-tetrd-acetyl-2,6-diO-methyl-D-galactitol and 1,2,5-tr>-
acetyl-3,4-diO-methyli-arabinitol in a molar ratio of nearly 1:1:1:1. Bee result
indicated the presence of terminal rhamnopyranogl4»6)-linked glucopyranosyl,
(1—3,4)-linked galactopyranosyl and —¢R)-linked arabinopyranosyl moieties. The
alditol acetates of the methylated, carboxyl reduP& showed the above peaks in a
molar ratio of 1:1:2:1 which indicated the presentdg1—3,4)-linked GgbA. But the
carboxyl reduced methylated PS showed the presehdet,5-tri-O-acetyl-2,3,6-triO-

methyl-D-galactitol along with the above peaks in a mokrorof 1:1:1:1:1 indicating
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that GapA was present as {34) linked and the 3-position of galacturonic acidsw
linked with OAc group, which was confirmed by NMRperiment. The periodate
oxidation was carried out with the polysaccharidée periodate-oxidized, NaBH
reduced material obtained from the polysacchaugen hydrolysis with TFA followed
by GLC analysis showed the presence®-afalactose only. A part of periodate-oxidized
PS on hydrolysis showed the presence of galactuiamrid in addition to the above sugar
in the paper chromatographic examination. The GLE-&mhalysis of the alditol acetates
of the periodate@xidized, carboxyl-reduced methylated polysacclearghowed the
presence of 1,3,4,5-tet@acetyl-2,6-diO-methyl-D-galactitol and 1,4,5-tr3-acetyl-
2,3,6-tri-O-methylD-galactitol. These result confirmed that galactepgsyl and
galacturonic acid were present as—@,4)-linked and (34)-linked moieties,

respectively.

The 500 MHz'H NMR spectrum of the polysaccharide recorded af@&howed
five signals in the anomeric region. The anomeigoas were observed at5.38, 5.22,
5.12, 5.07 and 5.04. The integral value of thd Bignal ¢ 5.38) was almost double than
that of others{ 5.22, 5.12, 5.07, and 5.04). These observatiodgated that all the
signals corresponded to one proton except the Isgjria5.38, which corresponded to
two protons. Thé®C-NMR spectrum (125 MHz) at 27 °C exposed four aoesignals
at$ 103.5, 100.6, 100.1 and 100.0. All thé¢ and™*C signals were assigned using DQF-
COSY, TOCSY, and HMQC NMR experiments.

The resonance at5.12 was correlated ®©72.1 (C-3 signal oD) observed from the
H-1/C-1 correlation in HMQC experiment indicatirat it was not for anomeric proton,
but for H-3 of residu® whose C-3 position was attached by OAc group foickvi-3
proton has been shifted downfield towards anomeggion. The other five anomeric
proton signals were corresponded to five sugaduesi which were designated AsE
according to their decreasing anomeric chemicaftsstin *H-NMR spectrum. The
anomeric configuration of the sugar residues wasrgened fromJy.q,n-2 and Jc.1 pa
coupling constant values. From the above experiaheddta the residue®fE] were

found to have following linkages;
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ResiduéA: (1—6)-linked a-D-glucopyranose

ResidueB: (1—3,4)-linkeda-D-galactopyranose

ResidueC: (1—2)-linked a-L-arabinopyranose

ResidueD: methyl ester of (1 4)-linked 3O-acetyla-D-galacturonic acid

ResidueE: terminala-L-rhamnopyranose

The sequences of glycosyl residues in PS wererdeted on the basis of NOESY
experiment, followed by confirmation with HMBC expeent. ResidueA had inter-
residue NOE contacts from H-1 to H-2 of residilieresidueB had NOE contacts from
H-1 to H-6a and H-6b oA, residueC had NOE contacts from H-1 to H-4 Bf residueD
had NOE contacts from H-1 to H-3 Bfand similarly residu& had NOE contacts from

H-1 to H-4 ofD. Hence, the following sequences were establisbgd a

A C B A
—6)-0-D-Glcp-(1—2)- a-L-Arap-(1— —4)-0-D-Galp-(1—6)-0-D-Glcp-(1—
3
T
C B D B
—2)-0-L-Arap-(1—4)-a-D-Galp-(1— —4)-0-D-GalpA6Me-(1—3)-a-D-Galp-(1—
3 3 4
T T T
OAc
E D
a-L-Rhgp-(1—4)-a-D-GalpA6Me-(1—
3
T
OAc

The sequences of these linkages were further coedirby the HMBC experiment.
Cross-peaks were found between H538) of residué\ and C-2 § 78.5) of residu€
(A H-1,C C-2); and between C-5 (00.0) of residu@ and H-2 § 3.92) of residu€ (A
C-1, C H-2). The cross-peaks between Hé1538) of residueB and C-6 § 68.9) of
residueA (B H-1, A C-6); and between C-5 (100.1) of residu® and H-6a§ 3.62) and
H-6b © 3.98) of residuA (B C-1,A H-6a;B C-1, A H-6b) were observed. The cross-
peaks were also found between H815(22) of residué€C and C-4 § 81.7) of residud3

Vv
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(C H-1, B C-4); and between C-5 (00.6) of residu€ and H-4 § 4.2) of residud3 (C
C-1,B H-4). Again cross-peak were observed between &5L07) of residu® and C-3
(6 78.9) of residud® (D H-1, B C-3); and between C-5 (00.6) of residu® and H-3 §
3.93) of residud (D C-1,B H-3). The 3-position of residu2 attached with acetyl group
was confirmed by the presence of cross-peak-3, D OAc (carbonyl carbon). Finally
cross-peak between H-d %.04) of residu& and C-4 § 77.0) of residu® (E H-1,D C-
4); and between C-5 (103.5) of residu& and H-4 § 3.67) of residu® (E C-1,D H-4)

were observed.

Based on all these chemical and NMR experimentalili® the structure of the
polysaccharide was established as;

A C B
—6)- a-D-Glcp-(1—2)-a-L-Arap-(1—4)-0-D-Galp-(1—
3

T
1
a-L-Rhg-(1—4)-3-O-Ac-a-D-GalpA6Me
E D

Chapter-1V

Among different types of mushrooms of the gerAgaricus, Agaricus blaze,
Agaricus bisporus, Agaricus bitorquis are reported as commonly available edible
mushrooms and among thelblazei andA. bisporusare reported to possess anti-tumor
polysaccharides. But no work relating to polysacdckes of A. bitorquis is reported in
literature. In West Bengal, IndiA. bitorquis is cultivated during the rainy season and
local people consume them as delicious vegetabie fruiting bodies of the mushroom
were boiled with water for several hours. The soédidue was filtered and the liquid
was then centrifuged. The supernatant was colleatetl precipitated with 1:10 (v/v)
ethanol and kept overnight at’@. The precipitated material was dissolved in watet
reprecipitated with ethanol. Exhaustive dialysistloé precipitated material was carried
out with DEAE cellulose bag to remove small carlariaye molecules. It was then
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freeze-dried to obtain crude polysaccharide. Thelempolysaccharide (30 mg) was then
purified by gel permeation chromatography. One hgeneous fraction (test tubes 24-
36) was collected and freeze-dried, yielding 12 ohgnaterial. The purification process
was carried out in several lots. The pure polysagdk (ABPS) has a specific rotation of
[a]p?® =31.6 (c 0.6, water) and the molecular weight of thelygaccharide was
estimated ~1810° Da from a calibration curve prepared with ad&ad dextrans. The
structure of the repeating unit of the polysacaeamwas carried out on the basis of total
hydrolysis, methylation analysis studies by GLC-Ktlysis and then NMR studie$i(
¥%c, TOCSY, DQF-COSY, NOESY, ROESY, HMQC, and HMBC).

The polysaccharide was hydrolyzed with 2 M luofoacetic acid (TFA) and the
alditol acetate on analysis through GLC usgmumns A (3% ECNSS-M) and B (1
% OV-225) indicate the presence of only ghe The absolute configuration of
glucose was determined msby the method of Gerwig et al. The absorptionGa eni*
in the IR spectrum indicates that ABPS Baglucopyranosidic linkages. Now to find the
mode of linkage the glucan was methylated usingrbthod of Ciucanu and Kerek and
then Purdie and Irvine followed by hydrolysis amahwersion into alditol acetates. The
alditol acetate was analyzed by GLC using columrand B and GLC-MS using an HP-
5 fused silica capillary column and found to comtdi,5,6-triO-acetyl-2,3,4-triO-
methylD-glucitol only. This indicates the presence of on({- 6)-linked D-

glucopyranosyl moiety in the glucan.

The 500 MHZ'H NMR spectrum of PS at 2C showed one anomeric signal at 4.50
ppm and the coupling constant valudsi(y..~ 8.5 Hz andly.; c.1~ 160 Hz) suggested
that it isB-linked. The proton chemical shifts from H-1 to Ha@re assigned from the
DQF-COSY and TOCSY spectra.

The 125 MHZz'C spectrum of PS at 2T exhibits one anomeric carbon signals at
103.4 ppm and this anomeric carbon signal was aagifpr the-linked residue and this
assignment was also corroborated by HMQC experinfdhthe carbon signals of the
glucopyranoside residue were assigned with the belHMQC spectrum. The carbon
signals at 73.5, 76.0, 69.9, 75.3 and 69.2 ppnespond to the C-2, C-3, C-4, C-5 and

VII
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C-6 respectively of the glucopyranoside residues Th6 signal of the glucopyranoside
residue at 69.2 ppm is shifted to 7.4 ppm downfimthpared to the standard methyl

glycosides due to the-glycosilationeffect.

The sequence of glycosyl residues of the polysamdhavas confirmed from HMBC
experiment. Long-rang€C-'H correlations were obtained from the HMBC spectrum
The cross peaks of both anomeric protons and carbbeach of the sugar moieties were
examined and both inter and intra residual conuigess were observed from the HMBC
experiment. For explanation of HMBC experiment twots of glucoseA andA”) are
considered. Cross peaks were found between H-Q phbn) of residué and C-6 (103.4
ppm) of residu&\” (A H-1, A" C-6) and vice versa and C-1 (103.4 ppm) of resilaad
H-6a (4.20 ppm) and H-6b (3.84 ppm) of residie (A C-1,A” H-6a,A C-1,A" H-6b)

and vice versa.

Thus the appearance of these cross peaks clegplyods the presence of the

following repeating unit in the polysaccharide &el fromAgaricus bitorquis.

- 6)-B-D-Glcp-(1 -

Chapter-V

Mushrooms are nutritionally beneficial and espégigdolysaccharides are important
for possessing immunomodulatory and antitumor dgtiAttempts are being made to
produce new hybrid mushrooms by protoplast fusioraxkcross mating of different
mushroom strains to enhance their properties aadnthin object of this work is to
compare the polysaccharide composition of this idybrushroom with their parents as
well as other hybrid mushrooms. The present mushrobtained through backcross
mating betweerPflovw12 and Volvariella volvacea, is a temperature tolerant species.
Pflovw12 strain was initially prepared from the parent mosin Pleurotus florida and
Volvariella volvacea. The polysaccharide was isolated from the hot agsiextract of
fresh fruit-bodies of hybrid mushroom. It yield 668l of crude water soluble
polysaccharide and on fractionation of this watdtisle polysaccharide through
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Sepharose 6B column three fractions were obtaiR&dl( 7mg, PS-Il, 6mg and PS-lII,
9.5mg). Separation was carried out in several bns, each fraction was again purified
through Sepharose 6B column to obtain only one .pEa& molecular weight of PS-I was
estimated as 1.88x1Da, PS-1l 1.32x10Da, and PS-IIl 0.92xf®a from a calibration
curve prepared with standard dextréhe specific rotation of PS-I, PS-Il and PS-III wer
determined asu]|p -26.46 (c 0.08, water, ZZ), [o]p +21.95 (c 0.09, water, 21°€) and
[a]p +35.45 (c 0.08, water, 2Z) respectively.

Characterization of PS-I: PS-1 on hydrolysis with 2M trifluoroacetic acid folved
by alditol acetate preparation and analysis throGgE using column A (3 % ECNSS-
M) and B (1 % OV-225) indicated the presence ofyoglucose. The absolute
configuration of the sugar was determined by thenigeet al. and found that the glucose
residues in PS-I have configuration. The PS-I was then methylated byc&nu and
Kerek, and then Purdie method followed by hydralysnd alditol acetate preparation.
The alditol acetates were then further analysedsh¢-MS using ZB-5MS capillary
column. The PS-I showed the presence of only Xre®-acetyl-2,3,4-tri©-methylD-
glucitol. This result showed that in PS-1{®)-linked D-glucopyranosyl moiety was

present.

The 500 MHz'H NMR spectrum of PS-I at 27C showed one anomeric signal at
4.50 ppm and the 125 MHZC spectrum of PS-I at 27 °C also exhibits one aram
carbon signals at 103.2 ppm. The coupling constahtes 4.1 1> ~8.5Hz andJy.1.c1
~160Hz) suggested that it wéslinked and the largdJ, sand>J; scoupling constants
(£B.0 Hz) indicated that it hagluco configuration. The proton chemical shifts fromilH-
to H-6 were assigned from the DQF-COSY and TOCSa&csp. All the carbon signals
of the glucopyranoside residue were assigned Wweehhelp of HMQC spectrum. All the
carbon signals were nearly to the standard valyespt the C-6 signal (67.2 ppm) which
showed 5.4 ppm downfield shift indicating that thkeicose unit was linked at this
position. Hence it was {26)-linked glucopyranosyl residue. The appearancentei-
residual contacts between H-1 of one residue afttd Heé6a and H-6b of another residue
in NOESY spectrum also supported the-@)-linkage in the glucopyranosyl residue.

The sequence of the glycosyl residues in the pobysaide in PS-I was confirmed by the
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HMBC experiment and to explain the HMBC results tglocose units were considered
asA andA’. The presence of cross-peaks in the HMBC spedbetmween H-1 of residue
A and C-6 of residu@” and vice versa and cross-peaks between C-1 ofueiénd H-
6a and H-6b of residu&” and vice versa clearly supported the following e¢jmgy unit

in the polysaccharide.

A A
- 6)-D-Glcp-(1- 6)-B-D-Glcp-(1 -

Characterization of PS-Il and PS-III: Acid hydrolysis followed by GLC analysis of
PS-1l and PS-IIl showed the presence of glucoskactsse and mannose. The absolute
configuration of glucose, galactose and manoseoih BS-Il and PS-1lIl have only
configuration. The GLC-MS analysis of the alditoketates of methylated polysaccharide
of both PS-1l and PS-I1ll revealed the presence,5{dl-O-acetyl-2,3,4,6-tetr®&-methyl-
D-mannitol, 1,5,6-tr©-acetyl-2,3,4-tri©O-methyl-D-galactitol and 1,2,5,6-teti@-acetyl-
3,4-di-O-methylD-glucitol in a molar ratio of nearly 1:1:1. Thesesults indicated the
presence of non-reducing emdmanopyranosyl, (6)-linked D-galactopyranosyl and
(1- 2,6)-linkedD-glucopyranosyl moieties in both the polysaccharidefurther linkage
confirmation was carried out by periodate oxidagxperiment. The GLC analysis of the
alditol acetate derived from periodate oxidati@duction followed by methylation of the
fractions showed no sugar peak. These resultsateticthat all the sugar moieties are

consumed during periodate oxidation.

The 500 MHz'H NMR spectrum of PS-Il at 50 °C showed three digria the
anomeric region at 5.13, 4.99 and 4.80 ppm in ia @dtnearly 1:1:1. In the 125 MHz
3C-NMR spectrum at 50 °C three anomeric signals amgueat 102.1, 99.1 and 98.6
ppm. All the'H and**C signals were assigned using DQF-COSY, TOCSY, HMQ®
HMBC NMR experiments. Coupling constants were measufrom DQF-COSY
spectrum. The three sugar moieties were desigreteesidues\, B, andC according to
their decreasing chemical shifts in fi&NMR spectrum.
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On the basis of proton and carbon chemical shifts feom proton-proton and C-1,

H-1 coupling constants values all the sugar residvere assigned as follows;

ResidueA: (1—2,6)-linkeda-D-glucopyranose
ResidueB: (1—6)-linked a-D-galactopyranose

ResidueC: nonreducing enfl-D-mannopyranose

The sequences of glycosyl residues of PS-1I weteraégned from NOESY as well as
ROESY experiments and the following connectivitiese observed,;

A B B A
—6)-a-D Glcp-(1—6)-a-D-Galp-(1— —6)-a-D-Galp-(1—6)-a-D Glcp-(1—
2 2
i i
C A
B-D-Manp-(1—2)-a-D-Glcp-(1—
6
T

Long-range™C—'H correlation obtained from the HMBC spectrum cboxated the
assigned repeating unit obtained from the NOESYeswrent. From the HMBC
experiment the cross-peaks of both anomeric protémuiscarbons of each of the sugar
residues were examined, and intra- and inter-rasidonnectivities were assigned. Inter
residual cross-peaks were observed betw&kr1/BC-6; AC-1BH-6a AC-1BH-6b;
BH-1/AC-6; BC-1/AH-6a; BC-1/AH-6b; CH-1/AC-2; CC-1/AH-2. Thus, the appearance
of these cross-peaks clearly supports the presenttes following repeating unit in the
polysaccharide, PS-II;

A B
—6)-a-D Glcp-(1—6)-a-D-Galp-(1—
2

N
1

B-D-Manp
C

XI
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In '"H NMR (500 MHz) spectrum at 50 °C, PS-Ill showdtee signals in the
anomeric region at 5.12, 4.98 and 4.78 ppm inia oitnearly 1:1:1 and in th€C-NMR
spectrum (125 MHz) at 50 °C showed also three anoragnals appeared at 102.0, 99.1
and 98.7 ppm. From the NOESY and HMBC experimenigs confirmed that the PS-
[Il contains the same repeating unit as the PS-II.
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