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Chemical analysis of a new (1!3)-, (1!6)-branched glucan from
an edible mushroom, Pleurotus florida
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Abstract—A glucan that was soluble in aqueous sodium chloride was isolated from the aqueous extract of the fruiting bodies of
Pleurotus florida. On the basis of total hydrolysis, methylation analysis, periodate oxidation, Smith degradation, and NMR studies
(1H, 13C, TOCSY, DQF-COSY, NOESY, and HSQC), the structure of the repeating unit of the polysaccharide is established as:

→3)-α-D-Glcp-(1→3)-β-D-Glcp-(1→3)-α-D-Glcp-(1→
6
↑
1

α-D-Glcp

This glucan stimulates the phagocytic activity of macrophages.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Among the different types of oyster mushrooms of the
genus Pleurotus, Pleurotus sajor-caju,1–3 Pleurotus citri-

nopileatus,4 Pleurotus ostreatus,5 and Pleurotus florida6

are commonly available edible mushrooms that contain
antitumor substances. The white oyster mushroom, P.
florida, is commercially available at the local markets
in India during December–January when the tempera-
ture remains about 28 �C. Nutritive values7 of the fruit
bodies of P. florida have been determined as 37.19% pro-
tein, 3.72% fat, and 10.98% ash on a dry weight basis.
This mushroom contains 0.5% total lipid in which the
content of neutral lipids, glycolipids, and phospholipids
has been reported.8 Fruit bodies of P. florida are re-
ported to grow on rice straw supplemented with cotton-
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seed powder.9 Extracellular insoluble glucans containing
(1!3, 1!6)-b-DD-linkages were isolated from the liquid
cultures of the fungi genus Pleurotus.10 Several mush-
room polysaccharides have been developed, which are
used as biological response modifiers (BRMs) or immu-
nopotentiators.11 BRMs are those materials that modify
the host�s biological response by the stimulation of the
immune system and may be used for various therapeutic
purposes. These polysaccharides also demonstrate
remarkable antitumor activity against Sarcoma-180 in
mice. Several polysaccharides with carcinostatic effects
have been developed and commercialized using the fruit
bodies of Lentinus edodes12,13 (lantinan, Japan) and the
liquid-cultured broth product of Schizophyllum com-
mune (Sonifilan, SPG, schizophyllan).14,15 But no work
relating to the structural features of this polysaccharide
from P. florida has been reported. In the present study, a
NaCl-soluble glucan consisting of (1!3, 1!6)-linked DD-
glucose moieties with both a and b linkages has been
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isolated for the first time. This glucan shows strong acti-
vation of the phagocytic response in macrophages. In re-
cent years, mushroom polysaccharides have drawn the
attention of chemists and immunobiologists on account
of their immunomodulatory11 and antitumor proper-
ties.16,17 Hence, detailed structural studies of this glucan
were carried out and are reported herein.
Figure 1. 1H NMR (500 MHz, D2O, 27 �C) spectrum of polysaccha-
ride (Fraction-I) isolated from Pleurotus florida.
2. Results and discussion

A mixture of polysaccharides (2.3 g) was isolated from
the mushroom, P. florida, (2 kg) by hot water extraction,
followed by precipitation in EtOH and centrifugation. It
was then dissolved in minimum volume of water, and
exhaustive dialysis was carried out to remove small car-
bohydrate molecules. The dialyzed material was freeze
dried and collected (yield 2 g). The crude polysaccharide
was then allowed to dissolve in 1% NaCl solution to give
two fractions, a NaCl-soluble fraction and a NaCl-insol-
uble fraction. The NaCl-soluble fraction (30 mg) on
fractionation through a Sephadex G-75 gel column
yielded two polysaccharide fractions, Fraction-I (7 mg)
and Fraction-II (12 mg). Total hydrolysis of Fraction-I
showed that it is a glucan and Fraction-II a heteroglu-
can. Fraction-I was further purified by dissolving it in
Me2SO, with precipitation in EtOH.5 Further work
was carried out with Fraction-I (PS) and reported
herein.
The polysaccharide (2 mg) on acid hydrolysis, fol-

lowed by GLC and paper chromatographic (PC) analy-
sis, showed the presence of only glucose. The absolute
configuration18 of the glucose (Glc) was determined as
DD. The total sugar content of this polysaccharide was
estimated by the phenol–sulfuric acid method,19 and it
was found to be 99.2%. Its molecular weight,20 deter-
mined from a calibration curve prepared with standard
dextrans, was found to be �40,000 Da. The polysaccha-
ride was methylated according to the method of Ciu-
canu and Kerek.21 GLC and GLC–MS analyses of the
alditol acetates obtained from the hydrolyzate of the
methylated polysaccharide revealed the presence of
1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-DD-glucitol (m/z
43, 45, 71, 87, 101, 117, 129, 145, 161, 205), 1,3,5-tri-
O-acetyl-2,4,6-tri-O-methyl-DD-glucitol (m/z 43, 45, 87,
101, 117, 129, 161, 233), and 1,3,5,6-tetra-O-acetyl-2,4-
di-O-methyl-DD-glucitol (m/z 43, 87, 117, 129, 189) in a
ratio of nearly 1:2:1, respectively. These results indicate
the presence of nonreducing-end DD-glucopyranosyl,
(1!3)-linked DD-glucopyranosyl, and (1!3, 1!6)-linked
DD-glucopyranosyl (branch point) moieties in the glucan.
Further, GLC analysis of the alditol acetates of the
periodate-oxidized, reduced, methylated polysaccharide
showed the presence of 1,3,5,6-tetra-O-acetyl-2,4-di-
O-methyl-DD-glucitol and 1,3,5-tri-O-acetyl-2,4,6-tri-
O-methyl-DD-glucitol in a ratio of nearly 1:2. The
absence of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-DD-
glucitol indicates that the nonreducing end DD-glucopyr-
anosyl moiety is consumed during oxidation.
A Smith degradation22,23 experiment was carried out

with Fraction-I. The degraded polysaccharide was meth-
ylated, and the alditol acetates on GLC–MS analysis re-
vealed the presence of only the 1,3,5-tri-O-acetyl-2,4,6-
tri-O-methyl-DD-glucopyranosyl unit as the sole product.
This result further confirms that the nonreducing end DD-
glucopyranosyl residue attached to the branching point
at C-6 of glucan was completely consumed during oxi-
dation, and a linear (1!3)-linked DD-glucan is produced.
The FTIR spectrum of the polysaccharide showed

bands at 850 cm�1 and 900 cm�1 corresponding to the
presence of both a and b configurations, respectively.
In addition to these characteristic bands, the spectrum
showed the bands also at 1039, 1076, 1159, and
1120 cm�1 owing to the presence of (1!3)-di-O- substi-
tuted glucose residues.10

The 500-MHz 1H NMR spectrum (Fig. 1) of the poly-
saccharide recorded in D2O at 27 �C showed three ano-
meric proton signals at d 5.09, d 4.95, and d 4.44 ppm
that were assigned as (1!3)-a-DD-Glcp (residue I), a-DD-
Glcp-(1! (residue II), and (1!3, 1!6)-b-DD-Glcp (resi-
due III), respectively, in a ratio of nearly 2:1:1. All the
proton signals of the polysaccharide (Table 1) were as-
signed on the basis of the correlation of TOCSY and
DQF-COSY NMR experiments. This indicates that this
glucan is composed of tetrasaccharide repeating units.
The anomeric carbon signals for the I, II, and III resi-
dues appear at d 100.1, 99.8, and 103.1 ppm, respec-
tively, in a ratio of nearly 2:1:1. Thus, the 13C NMR
spectrum (Fig. 2) is also in agreement with the suggested
tetrasaccharide repeating unit.
The large 3J2,3,

3J3,4, and
3J4,5 coupling constant values

of 8–10 Hz in residues I, II, and III support the presence
of the DD-glucopyranosyl configuration in the polysaccha-
ride. Residue I (d 5.09) was assigned to 3-O-substituted
a-DD-glucopyranose. The coupling constant values of



Table 1. 1H and 13C NMR data for the polysaccharide of Pleurotus
floridaa

Atoms Residues

!3)-a-DD-Glcp (1! a-DD-Glcp (1! !3,6)-b-DD-Glcp (1!
I II III

H-1 5.09 4.95 4.44
H-2 3.88 3.69 3.30
H-3 4.08 4.05 3.37
H-4 3.65 3.54 3.59
H-5 3.95 3.81 3.42
H-6 4.0, 4.27 3.97, 4.24 3.85, 4.16
C-1 100.1 99.8 103.1
C-2 70.0 72.1 73.0
C-3 80.4 74.0 85.2
C-4 69.3 71.0 68.8
C-5 72.5 72.5 76.4
C-6 61.1 60.6 67.0

a Spectra were recorded in D2O at 27 �C. Values of 1H chemical shifts
were taken with respect to the HOD signal fixed at d 4.70 ppm.
Values of 13C chemical shifts were recorded with reference to acetone
as internal standard and fixed at d 31.05 ppm at 27 �C.

Figure 2. 13C NMR (75 MHz, D2O, 27 �C) spectrum of polysaccharide
(Fraction-I) isolated from Pleurotus florida.
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3J1,2 � 3.4 Hz and 1JC,H � 176 Hz indicate the a-config-
uration for I. Residue II (d 4.95) was assigned to the ter-
minal a-DD-glucopyranosyl residue with coupling
constants of 3J1,2 � 3.1 Hz and 1JC,H � 174 Hz, indicat-
ing the a-configuration present in II also. Residue III

(d 4.44) was determined to be (1!3, 1!6)-linked b-DD-
glucopyranose. The coupling constant 3J1,2 � 7.5 Hz
indicates a b-linkage, which is further corroborated by
the 1JC,H � 160 Hz. The 75-MHz 13C NMR spectrum
Figure 3. 13C NMR (75 MHz, Me2SO-d6, 27 �C) spectrum of Smith-degrade
of the glucan at 27 �C shows the carbon signal at d
85.2 ppm due to C-3 of the b-(1!3, 1!6)-linked DD-
glucopyranosyl moiety (residue III), which is shifted
8.4 ppm downfield compared to the resonance of stan-
dard methyl glycoside due to the a effect of glycosyl-
ation.24,25 Similarly, the C-3 signal at d 80.4 ppm of the
a-(1!3)-linked DD-glucopyranosyl moiety (Residue I)
appears at 6.3 ppm downfield compared to that of the
standard methyl glycoside value. The C-6 signal of
(1!3, 1!6)-linked DD-glucose appears at d 67.0 ppm
due to the a-glycosylation effect. The carbon signals at
d 61.1 ppm and d 60.6 ppm are due to C-6 of the
(1!3)-linked DD-glucose and the nonreducing-end DD-
glucopyranosyl moieties, respectively. The C-2 (73.0
ppm), C-4 (68.8 ppm), and C-5 (76.4 ppm) signals of res-
idue III appear at 2.2 ppm, 1.9 ppm, and 0.4 ppm upfield
compared to the literature values of methyl glycosides
due to the b glycosylation effect.24,25 The C-2 (70.0
ppm) and C-4 (69.3 ppm) signals of residue I are
observed at 2.4 and 3.0 ppm upfield for the same reason.
The signals at 72.1, 74.0, 71.0, 72.5, and 60.6 ppm are due
to C-2, C-3, C-4, C-5, and C-6 of the nonreducing-end a-
DD-glucopyranosyl unit. These values (Table 1) were fur-
ther corroborated by the HSQC experiment.
For confirming the linkages, an NMR experiment was

carried out with Smith-degraded material. It was very
interesting that the native polysaccharide was moder-
ately water soluble, but the Smith-degraded polysaccha-
ride was insoluble in water. So, in case of the native
polysaccharide, 1H and 13C NMR experiments were per-
formed with D2O at 27�C, which produced a better 13C
spectrum than that run with Me2SO-d6 at the same tem-
perature. The 13C NMR spectrum (Fig. 3, Table 2) of
Smith-degraded polysaccharide in Me2SO-d6 at 27 �C
gave twelve well-defined signals. The signals present in
a ratio of 1:2 at d 103.4 and 100.2 ppm are due to C-1
of (1!3)-b- and (1!3)-a-linked DD-glucopyranose units,
respectively. No signal at 67.0 ppm was observed in the
13C NMR spectrum of the Smith-degraded polysaccha-
ride, which confirms that the nonreducing-end DD-gluco-
pyranosyl unit was attached at the C-6 position of the
DD-glucopyranosyl unit (unit III) in the native polysaccha-
ride. The two other signals present in a ratio of 2:1 at 60.5
and 61.2 ppm appeared due to the unsubstituted C-6
of two a-DD-glucosyl and one b-DD-glucosyl units in
the Smith-degraded polysaccharide. Further, the 13C
d polysaccharide.



Table 2. 13C NMR data for Smith-degraded polysaccharidea

Atoms Residues

!3)-a-DD-Glcp (1! !3)-b-DD-Glcp (1!
C-1 100.2 103.4
C-2 71.3 73.2
C-3 83.2 86.6
C-4 69.8 68.8
C-5 72.3 76.7
C-6 60.5 61.2

a Spectra were recorded in Me2SO-d6 at 27 �C. Values of chemical
shifts were referenced to acetone as the internal standard and fixed at
d 31.05 ppm at 27 �C.

     I III I
→3)-α-D-Glcp-(1→3)-β-D-Glcp-(1→3)-α-D-Glcp-(1→
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spectrum of the Smith-degraded polysaccharide showed
no anomeric signal at 99.8 ppm, which clearly indicates
that the nonreducing-end DD-glucopyranose residue in
the native glucan is a-linked. In the degraded polysac-
charide, all 13C carbon signals of the (1!3)-a-linked
DD-glucopyranose moiety appeared nearly double that
of the (1!3)-b-linked DD-glucopyranose moiety. The
appearance of a (1!3)-b-linked DD-glucopyranosyl
moiety in Smith-degraded glucan further supports the
contention that the nonreducing-end DD-glucopyranose
moiety was attached to the C-6 position of the b-(1!3,
1!6)-linked DD-glucopyranose moiety in the native poly-
saccharide. The C-3 signals of b-(1!3) and a-(1!3)-
linked DD-glucose of the Smith-degraded polysaccharide
show downfield shifts due to the a-glycosylation effect,
appearing at d 86.6 and 83.2 ppm, respectively. Thus,
from all these observations the structure of the repeating
unit of the Smith-degraded glucan is established as

! 3Þ-a-d-Glcp-ð1! 3Þ-b-d-Glcp-ð1! 3Þ-a-d-Glcp-ð1!

The sequence of glucopyranosyl residues was deter-
mined on the basis of a 2D-NOESY experiment. Resi-
due II has an NOE contact from H-1 to H-6 of
residue III in addition to intraresidue NOE contacts to
H-2 and H-4. Hence, residue II is linked at the 6-posi-
tion of residue III. Moiety I has a strong interresidue
NOE contact from H-1 to H-3 of moiety III in addition
to strong intraresidue contacts to H-2 and H-3, indicat-
ing that moiety I is linked to the 3-position of moiety III.
Again, moiety III has a strong NOE contact from H-1 to
H-3 of moiety I along with strong intraresidue contacts
to H-3, H-5, and H-6, indicating that III is also linked to
3-position of moiety I. Thus, III is a 1,3,6-linked moiety.
Hence, from our chemical investigations and NMR

spectral analysis of both native and Smith-degraded glu-
Table 3. Stimulation of mice macrophages by the polysaccharide of Pleurot

Sample Concentr

10 ng/mL 100 ng/mL 1 lg/mL

PS 1.0145 1.135 1.158

a Control reading: 1.00.
can, the following tetrasaccharide repeating unit of the
polysaccharide is established as
Preliminary studies regarding the conformation of this
polysaccharide were carried out by studying the changes
of specific rotation and absorption spectra of the com-
plexes formed with Congo Red26,20 at various concentra-
tions of alkali. Different types of glucan (AM-ASN, T-5-
N) isolated from Amanita muscaria27 and Dictyophora

indusiata FISCH20 showed abrupt changes in specific
rotation values with increasing sodium hydroxide con-
centration. These also form complexes with Congo
Red, changing kmax from 490 to 511 nm in low concen-
tration of alkali (0.05 M to <0.15 M) indicating that they
have a triple-helical structure. The present polysaccha-
ride shows a low value of specific rotation in neutral solu-
tion (½a�25D +0.064, c 0.8, water), and no abrupt change
occurs with increasing the concentration of alkali. Fur-
thermore, the polysaccharide does not show an apprecia-
ble absorption maximum with Congo Red. These results
indicate that this polysaccharide may exist in either a
random-coil or single-helix conformation.28,29 Detailed
conformational studies using spectroscopy and other
physical methods are in progress.
This polysaccharide was found to activate the phago-

cytic response of macrophages (Table 3). A similar kind
of material like lentinan (a b-glucan) inhibits tumor
growth by stimulating the immune system30 through
activation of macrophages, T-helper, NK and other
cells. Increased phagocytic activity was reported after
incubating mice macrophages with this polysaccharide.
The most effective dose of this glucan was observed at
1 mg/mL.
3. Experimental

3.1. Isolation of the polysaccharide

Two kilograms of fresh mushroom fruit bodies was
collected from a local firm where they were grown on
us florida by NO production assay at 550 nma

ation of polysaccharide

10 lg/mL 100 lg/mL 1.0 mg/mL

1.190 1.290 1.435
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rice straw supplemented with cottonseed powder at a
temperature of 28 �C. After washing with distilled water
and EtOH, the mushroom bodies were pulverized for
extraction of polysaccharide by boiling with water for
4 h as applied in our earlier works.3,31,32 The aqueous
extract was filtered with linen cloth, and the filtrate
was collected and kept overnight at 4 �C. The filtrate
was centrifuged at 8000 rpm at 6 �C for 45 min to obtain
a clear solution, and then the polysaccharide was precip-
itated with EtOH (80%, final concentration). After
keeping the precipitate at 4 �C overnight, it was col-
lected by centrifugation at 6 �C for 1 h. Then, it was dis-
solved in minimum volume of water and dialyzed
against distilled water for 12 h to remove low-molecu-
lar-weight carbohydrate materials. The aqueous extract
was then reprecipitated with EtOH (1:5, v/v) and centri-
fuged. The centrifugate was collected and freeze dried
(yield, 2 g).

3.2. Fractionation of the polysaccharide

When this polysaccharide was dissolved in 1% sodium
chloride solution, one portion became soluble while
another portion remained insoluble. These two parts
were separated by centrifugation. The soluble part
was purified by gel-permeation chromatography. The
polysaccharide (30 mg) was dissolved in 1% sodium
chloride solution (3 mL). The soluble portion was sep-
arated and applied all at once to a Sephadex G-75 col-
umn (100 cm · 1 cm) saturated with 1% sodium
chloride solution and fractionated (0.2 mL/min) using
a Redifrac fraction collector. Each fraction (2 mL)
was collected and analyzed with phenol–sulfuric acid
reagent21 at 490 nm using a Shimadzu UV–vis spectro-
photometer, model 1601. Fractions (test tubes, 40–52
and 56–76) corresponding to two peaks were pooled
together separately and freeze dried. After reducing
the volume by freeze drying, the fractions were dia-
lyzed against distilled water to remove NaCl and then
again freeze dried (yield, Fraction-I, 7 mg and Frac-
tion-II, 12 mg). This same procedure was followed sev-
eral times. Fraction-I (30 mg) was further purified by
dissolving it in 100 mL of Me2SO by stirring for 24 h
at room temperature. To the Me2SO solution an equal
volume of EtOH was added under vigorous stirring,
and the mixture was kept overnight at 4 �C. A precip-
itate (6 mg) was collected by centrifugation at 8000 rpm
for 30 min, and it was identified as (1!6)-a-DD-glucan
and reported.6 The present polysaccharide was recov-
ered from the supernatant by dialyzing against distilled
water and then freeze dried (yield, 18 mg). The appar-
ent molecular weight of Fraction-I was estimated using
standard dextrans (T100, T40, and T10 from Pharmacia).
Total carbohydrate of the polysaccharide (Fraction-I)
was determined using the phenol–sulfuric acid
reagent.21
3.3. Monosaccharide composition

The polysaccharide sample (3 mg) was hydrolyzed in
2 M trifluoroacetic acid (2 mL) at 100 �C for 16 h in a
boiling water bath. The hydrolyzate was then converted
into its respective alditol acetates and analyzed by gas–
liquid chromatography (GLC) using a Hewlett–Packard
model 5730 instrument equipped with a flame-ionization
detector. Peaks were identified and estimated with arab-
inose as the internal standard. The alditol acetates were
resolved on a glass column (1.8 m · 6 mm) containing
3% ECNSS-M on Gas Chrom Q (100–120 mesh) at
170 �C. Gas–liquid chromatography–mass spectromet-
ric (GLC–MS) analysis was also performed on a Hew-
lett–Packard 5970A automatic GLC–MS system, using
an HP-5 capillary column (25 m · 25 mm) and a temper-
ature program starting at 150 �C (2 min), followed by an
increase of 2 �C/min to 200 �C (5 min). Quantitation
was carried out from the peak area, using response fac-
tors from standard monosaccharides.

3.4. Paper chromatographic studies

Paper partition chromatographic studies were per-
formed on Whatmann nos. 1 and 3 mm sheets. Solvent
systems used were: (X) BuOH–HOAc–H2O (v/v/v,
4:1:5, upper phase) and (Y) EtOAc–pyridine–H2O
(v/v/v, 8:2:1). The spray reagent used was alkaline silver
nitrate solution.33

3.5. Absolute configuration of the monosaccharides

The method used was based on Gerwig et al.18 The poly-
saccharide (1 mg) was hydrolyzed by trifluoroacetic
acid, and the acid was removed by co-distillation with
water. A solution of 250 lL of 0.625 M HCl in (+)-2-
butanol was added to it, and the mixture was heated
at 80 �C for 16 h. The reactants were then evaporated,
and per-O-TMS-derivatives were prepared with N,O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA). The
products were analyzed by GLC using a capillary col-
umn (SPB-1, 30 m · 0.26 mm) with a temperature pro-
gram (3 �C/min) from 150 to 210 �C. The (+)-2-butyl
2,3,4,6-tetra-O-TMS-glycosides obtained were identified
by comparison with those prepared from the DD and LL

enantiomers of the monosaccharides.

3.6. Methylation analysis

The polysaccharide (4 mg) was methylated according to
the methods of Ciucanu and Kerek,21 and the products
were isolated by partitioning between chloroform and
water (5:2). The organic layer containing products was
washed with 3 mL water for three times and dried.
The methylated products were then hydrolyzed with
90% formic acid (1 mL) at 100 �C for 1 h, reduced with
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NaBH4, acetylated with 1:1 Ac2O–pyridine and ana-
lyzed by GLC and GLC–MS using an HP-5 capillary
column and the same temperature program indicated
above. Quantitations were carried out from peak areas.

3.7. Periodate oxidation

The polysaccharide (10 mg) was oxidized with 0.1 M so-
dium metaperiodate (2 mL) at 27 �C in the dark during
48 h. The oxidation process was stopped by addition of
1,2-ethanediol, and the solution was dialyzed against
distilled water. The dialyzed material was reduced with
NaBH4 for 15 h and neutralized with HOAc. The result-
ing material was obtained by co-distillation with MeOH.
It was subjected to both hydrolysis and methylation by
as usual procedures described above and analyzed by
GLC–MS.

3.8. Smith degradation

The polysaccharide (PS) (50 mg) was oxidized with
0.1 M sodium metaperiodate (10 mL) at 27 �C in the
dark during 48 h. The oxidation was stopped by the
addition of 1,2-ethanediol, and the solution was dia-
lyzed against distilled H2O. The dialyzed material was
reduced with NaBH4 for 15 h at 27 �C, neutralized with
50% HOAc and again dialyzed against distilled H2O,
and freeze dried. This portion was subjected to mild
hydrolysis with 0.5 M trifluoroacetic acid for 15 h at
25 �C to eliminate the residues of oxidized sugars at-
tached to the polysaccharide chain (Smith degradation).
Acid was removed after repeated addition and evapora-
tion of water at 37 �C. Finally, it was purified through
exhaustive dialysis against distilled H2O and freeze
dried; yield 14 mg. A part of this polymeric material
(2 mg) was methylated and analyzed as usual by
GLC–MS. The remainder was used for 13C NMR
studies.

3.9. FTIR analysis

The IR spectrum was recorded with dried polysaccha-
ride (1.1 mg) on a Jasco FTIR model 6200 using a so-
lid-state ATR accessory.

3.10. NMR spectroscopy

The freeze-dried polysaccharide was kept over P2O5 in
vacuum for several days and then deuterium exchanged
three times, followed by lyophilization34 with D2O. The
1H, TOCSY, DQF-COSY, and NOESY NMR spectra
were recorded with a Bruker Avance DPX-500 spec-
trometer in D2O at 27 �C. Chemical shifts were referred
to the residual signal of HOD at d 4.70 ppm. The
TOCSY experiment was recorded with a mixing time
of 150 ms, and complete assignment required several
TOCSY experiments requiring several mixing times
ranging from 60 to 300 ms. The NOESY mixing delay
was 200 ms. A DQF-COSY spectrum was obtained
using standard pulse sequences. The 13C spectrum of na-
tive polysaccharide (PS) solution in D2O was recorded
with a Bruker Avance DPX-300 instrument, and that
of the degraded polysaccharide solution in Me2SO-d6
was recorded with the same instrument at 27 �C. Ace-
tone was used (d 31.05 ppm) as an internal standard
for both 13C NMR spectra.

3.11. Interaction with Congo Red

The polysaccharide sample (2.5 mg) was dissolved in
2.5 mL of water containing Congo Red (91 lM). The
concentration of alkali was increased from 0 to 0.35 M
by addition of 4 M sodiumhydroxide solution to the sam-
ple solutions. UV–vis absorption spectra were recorded
with a Shimadzu model 1601 spectrophotometer.

3.12. Specific rotations in aqueous sodium hydroxide

The polysaccharide (8 mg) was dissolved in water
(10 mL), and the concentration of alkali was increased
from 0 to 0.35 M by stepwise addition of 4 M NaOH
solution. Specific rotations were measured with a Jasco
P 1020 automatic polarimeter at 25 �C at each concen-
tration of alkali.

3.13. Test for macrophage activity by nitric oxide assay

Peritoneal macrophages (106 cell/mL) after harvesting
were cultivated in complete RPMI medium in well
plates.35 The present polysaccharide was added to the
wells at different concentrations (10 ng/mL to 1.0 mg/
mL). The cells were cultured for 24 h at 37 �C in a
humidified 5% CO2 incubator. Production of NO was
estimated by measuring the nitrite levels in the cell
supernatant with the Greiss reaction.36. Equal volumes
of Greiss reagent (1:1 of 0.1% in 1-napthylethylene-
diamine in 5% phosphoric acid and 1% sulfanilamide
in 5% phosphoric acid) and sample cell supernatant were
incubated together at room temperature for 10 min.
Absorbance was read at 550 nm.
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