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Synopssis The structural studies of bioactive polysaccharides from plant and mushroom

SYNOPSIS

The present thesis entitl€@he structural studies of bioactive polysaccharids
from plant and mushroom” is mainly based on the determination of the stmacts
well as some important immunological and antioxidaactivities of different
polysaccharides isolated from the leaveSatharanthus rosea, fruit bodies of somatic
hybrid mushroom(PflovwwlaFB) and the mycelia ofPleurotus ostreatus. All the
polysaccharides were purified through the Gel-patioe chromatography (GPC)
techniqgue using Sepharose-6B as column ingrediiuctural investigation of
polysaccharides were carried out using chemicdlyaisa(total hydrolysis, methylation,
periodate oxidation) and NMR'H, *C, TOCSY, DQF-COSY, NOESY, ROESY,
HSQC, HMQC and HMBC) experiment. The entire thesdivided into five chapters.

Chapter-1 discusses the introduction of carbohydrates, pland mushroom
polysaccharides and some of their important bialgactivities. Carbohydrates are
essential constituents of all living organisms. Shere generally classified into four
classes: monosaccharides, disaccharides, oligemadel, and polysaccharides. The
great bulk of the carbohydrates in nature are pteas polysaccharides, which have
relatively large molecular weights. The polysacaes serve two principal functions:
(1) these are used by both plants and animal®te gtucose as a source of future food
energy, and (2) they provide some of the mechangtalicture of cells.

Mushroom is a fleshy, aerial umbrella-shaped, ifigitbody of macrofungi.
Mushrooms are not only valued for their high nitetvalue containing high quantities
of protein, carbohydrate, minerals but also of rthei fat content and low calorific
value. Large amount of bioactive compounds like tihsg polysaccharides,
polysaccharide-peptides, polysaccharide-protein ptexes have been isolated from
mushrooms. Among these polysaccharide is a potashraom derived material having
various bioactive properties. Different polysacathes from both plants and mushrooms
showed their immunomodulation and antitumor propsrtMushroom polysaccharides
are not only used to cure cancers of the stomadphagus, lungs, and colons but also
act as anti-inflammatory, antiviral, hypoglycaemaind antithrombotic agents. Lentinan
from Lentinus edodes, Schizophyllan fromSchizophyllum commune, Agarican from
Agaricus blazei, Lingzhi from Ganoderma lucidum and Maitakefrom Grifola frondosa

have been used clinically as anti-tumor agents.ufklver of polysaccharides isolated
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from the mycelia ofAntrodia camphorate, Agaricus blazei and Ganoderma tsugae has
pronounced anti-tumor effects on both in vitro amg. Several plant polysaccharides
isolated fromAloe barbadensis, fruit juice of Morinda citrifolia (noni), Morus alba,
Chlamydomonas mexicana and Poria cocos show immunomodulatory and antitumor
activity. Different polysaccharides are used adatefiber. The term “dietary fiber”
signifies high molecular weight indigestible maad¢sithat move through the digestive
system, absorbing water. Chemically, dietary fibeponsists of non-starch
polysaccharides and several other plant comporemtks as cellulose, lignin, waxes,
chitins, pectins, beta-glucans, inulin and oligabacides. The biological activities of
polysaccharides depend on the size of moleculechiag rate and form. So, it is very
important to determine the exact structure of thsaccharides, isolated either from

medicinal plants or from mushrooms.

Chapter-1l describes methodologies used in identification @matacterization of the
polysaccharides. The column chromatography teclenisjused for resolving a mixture
of polysaccharides having different molecular weidihe neutral sugars present in the
polysaccharide were identified and estimated by-Kgasd-chromatography (GLC).
The absolute configurations of sugars are ideutitising the method of Gerwig et al.
The alditol acetates of partially methylated sugdesved from polysaccharid@ising
Ciucanu and Kerek Methaghd Purdie Methodyere identified by GLC-MS to know
the mode of linkages present in the polysacchaReéeodate oxidation was carried out
to confirm the mode of linkages of sugar residuébemical degradation (Smith
degradation) was carried out to generate oligosaid from polysaccharidéH, *C,
DQF-COSY, TOCSY, NOESY, HMQC, HSQC and HMBC NMR erments were
carried out to confirm the repeating unit presearthe polysaccharide.

Different biological analysis was also carried outh different polysaccharide
fractions. Splenocyte and thymocyte activationstegtre carried out by the MTB-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium dmidgd method. Assay of nitric
oxide (NO) production was carried out in mouse nuyt® cell line. The antioxidant
activity of polysaccharide was evaluated through ¢helating ability of ferrous ions,

hydroxyl and superoxide radical scavenging activity

Chapter-lll Watersoluble polysaccharides were isolated from the &mieous
extract of leaves ofCatharanthus rosea. The watersoluble extract was repeatedly
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purified by precipitating in alcohol, dialyzing ttugh a DEAE cellulose bag, and gel
filtration. Finally, fractionation of wategsoluble polysaccharides through a Sephadex-6B
column yielded pure polysaccharide. The molecukaigit of the polysaccharide (PS-I)
was determined using a calibration curve of stathdaxtrans and found to be ~2.0%10
Da. The total carbohydrate of PS-I was estimate@B&i%. The pure PS-I had specific
rotation of[0]p 2>° +98.74 (c 0.094, water). Structural studies of|R&s performed
using acid hydrolysis, methylation analysis, pesiedoxidation studies along with
NMR analysis {H, 1*C, TOCSY, DQF-COSY, NOESY, ROESY, HMQC, and HMBC).
The GLC analysis of the alditol acetates of hydrety PS-1 showed the presence of
rhamnose, glucose, and arabinose in a molar rdtioearly 1:1:2 but the carboxyl-
reduced PS-1 on hydrolysis followed by GLC analygiswed the presence of glucose,
arabinose, and galactose in a molar ratio of neary2:2. These results confirmed
molar ratio of rhamnose, glucose, arabinose anacgabnic acid in PS-1 was 1:1:2:2.
The absolute configuration of the sugar units wetemnined by the method of Gerwig
et al and it was found that the glucose and gadataracid had the D configuration but
the rhamnose and arabinose were present as L. Dde wf linkages of PS-I was
determined by methylation analysis using Ciucand &merek method followed by
hydrolysis and alditol acetates preparation. Thiktall acetates of methylated product
were analyzed by GLC and GLC-MS which showed tres@mce of 1,3,4-actyl-2,5-
di-o-methyl-arabinitol; 1,4,5-tre-acetyl-2,3-dio-methyl-arabinitol; 1,5-dB-acetyl-
2,3,4,6-tetrad-methyl-glucitol, 1,2,4,5-tetr@-acetyl-3-monoe-methyl-rhamnitol in a
molar ratio of nearly 1:1:1:1. The above resultigated the presence of one unit of 3-
acetyl arabinose and glucose as terminal residondsaaother unit of arabinose as
(1-5)-linked arabinofuranosyl or (14)-linked arabinopyranosyl. It also indicated the
presence of (1 2, 4)-linked rhamnopyranosyl unit. The GLC-MS asayof the alditol
acetates of methylated carboxyl reduced polysam#ashowed two new peaks of
1,2,4,5,6-pent&-acetyl-3-monaa-methyl galactitol and 1,4,5,6-tetcaacetyl-2,3-dio-
methyl galactitol. This result indicated that galaonic acids were present as«(2, 4)-
linked and (1- 4)-linked moieties. For further linking informatipa periodate oxidation
experiment was carried out with the carboxyl reduaad intact polysaccharide. The
periodate oxidation experiment supported the alboode of linkages.

The 500 MHZ'H NMR spectrum of this polysaccharide at°Z7showed signals &
5.37, 5.22, 5.06, and 4.93 for six anomeric protamsere & 5.06 and 4.93
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accommodated two protons for each signal and tbiefoe another two protons. The
sugar residues were designatedAak according to their decreasing anomeric proton
chemical shifts. In thé’C NMR spectrum (125 MHz) at 2T signals appeared &t
109.6, 107.8, 100.8, and 100.0 for six anomeridoaas where signal ab 100.8
consisted of three carbon and the rest for andtiree carbon signals. In the HMQC
spectrum the three anomeric carbon signafs H29.6, 107.8, 100.0 were correlated to
three anomeric protons &, D, andA respectively, whereas, the signadat00.8 was
correlated to three anomeric protons of residiielS andF. A proton signal at 5.12 ppm
correlated to carbon signal at 79.4 ppm and prstgnal at 2.03 correlated to carbon
signal at 20.2 indicative for acetyl group. In HMB&pectrum the cross-coupling
between the carbonyl carbon (171.0 ppm)oedcetyl group and H-3 (5.12 ppm) of
residueD [OAc (C)YD H-3] indicated that acetyl group attached to thgoS8ition of
residueD. The proton signal at 1.23 ppm correlated to aarkignal at 17.5 and it may
be for the CH proton of deoxy sugar, rhamnose. The proton ssgappeared at 3.78
ppm and 3.75 ppm for carbomethoxy proton esternaethoxy group respectively. The
carbon signal appeared at 53.3 ppm for methyl cadfdoth ester and methoxy group.
Intra-residual coupling between methoxyl carbon35%m) and H-6a and H-6b proton
of residueA were observed. Hence from GLC, GLC-MS and NMR expent all the

sugar residues present as

ResidueA: terminal 60-Me D-glucopyranosyl moiety
ResidueB: (1- 5)-a-L-arabinofuranosyl moiety

ResidueC: (1- 2, 4)-0-L-Rhamnopyranosyl moiety
ResidueD: terminal 30Ac-L-arabinofuranosyl moiety
ResidueE: (1- 2, 49-methyl ester ofi-D-galacturonosyl moiety

Residudg~: (1—4)-methyl ester ofi-D-galacturonosyl moiety
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The sequence of glycosyl residues of the polysamdhavas determined from ROESY
as well as NOESY experiments followed by confirmatwith HMBC experiment.
ResidueB had interresidue ROESY contracts from H-1 to H-PesidueE. ResidueD
had interresidual ROESY contacts from H-1 to H-6d H-5b of residu®. Hence, the

sequence in between the residy®, andE was established as

o-D- GapA6Me
2E
T
1
B®Ac-a-L-Araf (1- 5)-a-L-Araf
D B

Again, from the interresidue ROESY contacts frer-1 to FH-4, FH-1 to CH-2, CH-
1 toEH-4, andAH-1 to CH-4 the following connectivities were established a

- 4)-a-D-GalpA6Me (1- 4)-a-D-GalpA6Me (1- 2)-a-L-Rha (1 -
E F 4 C

T T
1

a-D-Glcp-6-Oome
A

From the HMBC experiment the following cross peakse observed:
AH-1/CC-4; AC-1/CH-4; BH-1/EC-2; BC-1EH-2; CH-1/EC-4; CC-1EH-4; DH-
1/BC-5; DC-1BH-5a;DC-1BH-5b; EH-1/FC-4; EC-1/FH-4; FH-1/CC-2; FC-1/CH-2.

So, from the ROESY and HMBC experiment the repeatinit of the polysaccharide
was established as

- 4)-a-D-GalpA6Me (1- 4)-a-D-GalpA6Me (1- 2)-a-L-Rhag (1 -

72 F 4 C
1 1
1 1
3-0OAc-a-L-Araf (1 - 5)-a-L-Araf a-D-Glcp-6-Oome
D B A

This polysaccharide was found to activate the n@wges. Macrophage activation
was studied by NO production in culture supernatantitro. On treatment with
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different concentrations of the polysaccharide ahamced production of NO was
observed in a dose dependent manner with optimaatuption of 20.5 uM NO per 5 x
10> macrophages at 100 pg/mL of the polysaccharidds Tholecule exhibited
splenocyte as well as thymocyte activation on maekculture medium which was
tested by the MTT[3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetranoh bromidé
method. At 50ug/mL of the polysaccharide, both the splenocyte #mgmocyte
proliferation index was observed maximum as congpéweother concentrations. Hence,
50 pg/mL of the polysaccharide can be considered asféaient splenocyte and
thymocyte proliferators.

This work has been published@arbohydrate Polymers 81, 2010, 584-591.

Chapter-IV describes the structural characterization and inoaohancing
properties of a heteroglycan isolated from thet fiooidies of somatic hybrid mushroom
(PflovwlaFB). The somatic hybrid mushroonPfloVvlaFB) was obtained through
intergeneric protoplast fusion betwedéheurotus florida and Volvariella volvacea
strains. The hot water-extract of fresh fruit bed{800 g)of PflovvlaFB was cooled,
filtered, and precipitated in alcohol. The residuas dialyzed, centrifuged and freeze
dried to yield crude polysaccharide, which on fi@wition through Sepharose-6B using
water as eluant yielded pure polysaccharide (Fi-He pure polysaccharide showed

specific rotation ¢] p >>®

+9.19 € 0.849, water) and molecular mass was estimated as
~1.95 x 16 Da. On the basis of acid hydrolysis, methylatiomalgsis, periodate
oxidation along with'H, **C, and DEPT-135 NMR spectroscopy, including two-
dimentional TOCSY, DQF-COSY, NOESY, ROESY, HMQCdahVBC experiments,
the structure of the repeating unit of this polgdegide was determined. Acid
hydrolysis of the polysaccharide followed by altliBzetates preparation and GLC
analysis revealed the presence of glucose, galgctwmsl mannose in a molar ratio of
nearly 4:1:1. The absolute configuration of all theidues were determined as D by the
method of Gerwig et al. The mode of linkages of gb/saccharide was determined by
methylation analysis using Ciucanu and Kerek metfaibwed by hydrolysis and
alditol acetates preparation. The GLC and GLC-M@lymis of alditol acetates of
methylated polysaccharide revealed the presenterwiinal D-glucopyranosyl ana-
mannopyranosyl, (3)-linked D-glucopyranosyl, (46)-linked D-glucopyranosyl,

(1—3, 6)-linkedD-glucopyranosyl, and 2, 6)-linkedb-galactopyranosyl moieties in
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the polysaccharide. These linking modes were furtbefirmed by periodate oxidation
experiment.

In *H NMR spectrum (500 MHz) in £D at 27 °C signals appeareddab.12, 4.98,
4.51, 4.50, and 4.49 for six anomeric protons wistgeal até 4.50 consisted of two
protons and rest for another four protoff& NMR spectrum (125 MHz) in D at 27
°C showed the signals &t103.3, 103.1, 103.0, 102.0, 100.9, and 98.5 fomsbmeric
carbons. In HMQC spectrum the anomeric protod at12, 4.98, 4.51, 4.50, and 4.49
correlated to the anomric carbon &t98.5, 100.9, 103.3, 103.0, 103.1 and 102.0
respectively. The residues were designated,aB, C, D, E, andF according to their
decreasing anomeric proton chemical shift. All theand **C signals were assigned
using TOCSY, DQF-COSY and HMQC experiments. Thetgracoupling constants
were measured from DQF-COSY experiment.

On the basis of proton and carbon chemical shpfiston-proton coupling constants

and C-1, H-1 coupling constants, all the sugadre=s were assigned as follows:

ResidueA: (1—2, 6)-linkeda-D-galactopyranosyl moiety
ResidueB: terminalo-D-mannopyranosyl moiety
ResidueC: (1—3, 6)-linkedp-D-glucopyranosyl moiety
ResidueD: (1—6)-linked$-D-glucopyranosyl moiety
ResidueE:  (1—3)-linked$-D-glucopyranosyl moiety

Residud~: terminal$-D-glucopyranosyl moiety

The cross-peaks of both the anomeric protons armbiea of each glycosyl residue were
examined. In NOESY experiment, the inter residwaltacts fromAH-1 to CH-3, BH-1

to bothAH-6a andAH-6b, CH-1 to EH-3, DH-1 to AH-2, EH-1 to bothDH-6a and
DH-6b, andFH-1 to CH-6a andCH-6b were observed. The following sequences were

established as:

A(1-3)C;B(1-6)A;C(1-3)E;D(1—2A;E(1—6)D;F(1—6)C

The above sequences were confirmed by the HMBC rewmpet. In HMBC
experiment, inter residual cross-pe#@ks-1/CC-3; AC-1/CH-3; BH-1/AC-6; BC-1/AH-
6a; BC-1/AH-6b; CH-1/EC-3; CC-1/EH-3; DH-1/AC-2; DC-1/AH-2; EH-1/DC-6; EC-
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1/DH-6a; EC-1DH-6b; FH-1/CC-6; FC-1/CH-6a; FC-1/CH-6b were observed. Thus,
the HMBC and NOESY connectivities clearly supportdie presence of the
hexasaccharide repeating unit in polysaccharidatet from somatic hybrid mushroom
(PflovvlaFB) as:

D A C E
—6)-B-D-Glcp-(1—2)-a-D-Galp-(1—3)-p-D-Glcp(1—3)-B-D-Glep-(1—
6 6
T T
1 1
a-D-Manp B-D-Glcp
B F

Some biological studies were carried out with th@ysaccharide. Macrophage
activation of the polysaccharide was observed imoviOn treatment with different
concentrations of the polysaccharide an enhanceduption of NO was observed in a
dose dependent manner with optimum production aofl 38 NO per 5 x 18
macrophages at1Q@y/mL of the polysaccharide. Splenocyte and thyme@gtivation
tests were carried out in mouse cell culture medaith the polysaccharide by the MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoin bromide] methodProliferation of
splenocytes and thymocytes is an indicator of imomstimulation. At 10ug/mL of the
polysaccharide, both the splenocyte and thymocybdifgration index was observed
maximum as compared to other concentrations. Helfcgg/mL of the polysaccharide
can be considered as an efficient splenocyte anddbyte proliferators.

This work has been published@arbohydrate research, 346, 2011, 1967-1972.

Chapter-V consists of isolation, purification and structuretedmination of a
heteroglycan from the mycelia #fleurotus ostreatus. This heteroglycan showed the
antioxidant properties. The crude polysaccharide vwealated from the mycelia of
Pleurotus ostreatus by treatment with 2% KOH followed by ethanol prtation, ion
exchange chromatography, dialysis, and freeze-gryithe crude polysaccharide on
fractionation through Sepharose-6B column yieldad &raction. The specific rotation
of the pure polysaccharide (PS) was observedehs?f? +8.5 ¢ 0.84, water). The
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molecular weight was determined using calibratiomve of standard dextrans and
found to be ~1.8 x fDa. Monosaccharide residue was identified by GLPeeinent

of the complete hydrolyzed products and it was onleskethat the heteroglycan contains
fucose, mannose, and glucose in a molar ratio drlyel:2:3. The absolute
configuration of the monosaccharides was determimyeshethod of Gerwig et al. and it
was found that mannose and glucose had the D awmafign but fucose was present as
L. The mode of linkages of the sugar moieties preseithe PS was determined by
methylation analysis using the method of Ciucand ldarek through GLC and GLC-
MS analysis. The results indicated that the termibeglucopyranosyl andbD-
mannopyranosyl, (6)-D-mannopyranosyl, &2)-L-fucopyranosyl, (%4,6)D-
glucopyranosyl, and (3,6)-linkedD-glucopyranosyl moieties were present in the PS
These linkages were further confirmed by periodaidation experiment.

In the anomeric region of théd NMR spectrum (500 MHz) at 2€ five signals
were observed at 5.37, 5.10, 4.97, 4.78, and 4.50 where the sigh&5.10 contained
two anomeric protons. In tHéC NMR spectrum (125 MHz) five signals were observed
in the anomeric region at103.6, 102.0, 99.6, 98.5, and 97.5 where the bagjraal02.0
was found almost double to those of the other $sgnia the HSQC spectrum the
anomeric protons &t 5.37, 4.97, and 4.50 correlated to the anomerigores at 99.6,
97.5, and 103.6 respectively. The anomeric protbd &.10 correlated to both the
anomeric carbons &t102.0 and 98.5, and the anomeric protod 4{78 also correlated
to the carbons &t 102.0. So five anomeric proton and carbon sigmal€ated six sugar
residues and designated AasB, C, D, E, andF according to their decreasing proton
chemical shifts. So from GLC, GLC-MS and NMR expwnt all the sugar residues
present as:

ResidueA: (1—4, 6)-linkedea-D-glucoopyranosyl moiety
ResidueB:  (1—6)-linked-a-D-mannopyranosyl moiety
ResidueC: (1—2)-linked-a-L-fucopyranosyl moiety
ResidueD: terminale-D-glucopyranosyl moiety
ResidueE: terminalp-D-mannopyranosyl moiety
Residug~: (1—3, 6)-linkedf-D-glucopyranosyl moiety
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The sequences of glycosyl moieties were determiineoch ROESY as well as
NOESY experiments and it was confirmed from HMBGoenxment. The following

sequences were assigned:

A (1-2)C;B(1—3)F; C (1—6)F; D (1-6)B; E (1-4)A; F (1—6) A

From the HMBC experiment the following cross peakse observedAH-1/CC-2;
AC-1/CH-2; BH-1/FC-3; BC-1FH-3; CH-1/FC-6; CC-1/FH-6a, FH-6b; DH-1/BC-6;
DC-1BH-6a,BH-6b; EH-1/AC-4; EC-1/AH-4; FH-1/AC-6; FC1/AH6a,AH6b.

Finally, the structure of the repeating unit of gadysaccharide has been assigned as:

F A C
—6)-p-D-Glcp-(1—6)-a-D-Glcp-(1—2)-a-L-Fug-(1—
3 4
T T
1 1
a-D-Glcp-(1—6)-a-D-Manp B-D-Manp
D B E

The antioxidant properties of the polysaccharidesre carried out through
scavenging capacities against hydroxyl and supdeoradicals and chelating ability of
ferrous ion. The PS showed potent hydroxyl radscalvenging activity and increased
with the increase of concentration. g®@alue of the PS was determined as 943 pg/mL.
The PS was found to be a notable scavenger of axider radicals generated in
riboflavin-nitrobluetetrazolium (NBT) light systenThe EGo value of the PS was
determined as 553 pg/mL. Chelating effects (54.8@P4grrous ions was observed at 1
mg/mL of the PS.

This work has been published@arbohydrate research, 368, 2013, 16-21.
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