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Abstract—Glucans of basidiomycetes are considered to be an important class of polysaccharides, as they can act as biological
response modifiers. We now isolate a gel-forming, water-soluble B-glucan, with a molecular mass of 1.2 x 10° g/mol (HPSEC), from
the fruit bodies of the edible mushroom Pleurotus florida, via alkaline extraction, followed by fractionation by freeze-thawing.
Structural assignments were carried out using mono- and bi-dimensional nuclear magnetic resonance spectroscopy, monosaccharide
composition, methylation analyses, and a controlled Smith degradation. It was a branched B-glucan, with a main chain of (1-3)-

linked-Glcp residues, substituted at O-6 by single-unit Glcp side chains, on average to every fourth residue of the backbone.

© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Mushrooms are known for their nutritional and medic-
inal value and also for the diversity of bioactive
compounds that they contain.'! Some species of
mushrooms, such as those of the genera Lentinus, Grif-
ola, Ganoderma, Agaricus, and Pleurotus, have medicinal
or functional properties.>*

Pleurotus spp. is a basidiomycete distributed world-
wide throughout hardwood forests, having a greater
number of species in temperate climates. Pleurotus spp.
are commonly called oyster mushrooms, all known
species of Pleurotus being edible, and several being com-
mercially cultivated.* The popularity of the genus is on
the increase because they are a good source of non-star-
chy carbohydrates, have a high content of dietary fiber,
and contain moderate quantities of good quality pro-
teins with most of the essential amino acids, minerals
and vitamins.® Among the different species of oyster
mushrooms, the most known are P. citrinopileatus,
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P. ostreatus, P. ostreatoroseus, P. pulmonarius, P. eryngii,
and P. florida (=P. ostreatus var. florida).®

P. florida is an excellent edible and highly nutritious
mushroom, which is a common species in tropical coun-
tries.” As well as the nutritional value and the easy
cultivation of these mushrooms, they are a good source
of compounds such as polysaccharides that can act as
biological response modifiers (BRMs). They have been
shown to modulate the immune system, have hypoglyce-
mic activity, lower blood pressure and lipid concentra-
tions, and inhibit tumor growth, inflammation, and
microbial action.®’

Several polysaccharides have been isolated from dif-
ferent species of Pleurotus. A (1-3), (1-6) glucan con-
taining both o and B linkages was isolated from P.
florida.” Branched pB-glucans, with a main chain of
(1-3)-linked-B-Glcp residues, substituted at O-6 by
single-unit B-Glcp side chains, on the average to one in
every third residue of the backbone, were obtained from
P. ostreatoroseus and P. eryngii.' A similar B-glucan
with antitumor activity was isolated from P. ostreatus"!
and such an action of these glucans can be due to the
(1-3)-B-linkages in the main chain, (1—6)-p-substitu-
tion, and their solubility in water.'?
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Now we describe the structural features of a water-
soluble glucan present in the alkaline extract of fruit
bodies of P. florida.

2. Experimental
2.1. General experimental procedures

Gas-liquid chromatography-mass spectrometry (GC-
MS) was performed using a Varian model 3300 gas
chromatograph linked to a Finnigan Ion-Trap model
810 R-12 mass spectrometer, with He as the carrier
gas. A capillary column (30 m x 0.25 mm i.d.) of DB-
225, held at 50°C during injection and then pro-
grammed at 40 °C min~! to 220 °C (constant tempera-
ture) was used for quantitative analysis of alditol
acetates. Partially O-methylated alditol acetate mixtures
were similarly analyzed, but with a program from 50 °C
to 215 °C at 40 °C/min, then hold.

13C NMR spectra were obtained using a 400 MHz
Bruker model DRX Avance spectrometer incorporating
Fourier transform. Analyses were performed at 70 °C on
samples dissolved in Me,SO-dys. Chemical shifts of sam-
ples are expressed in ¢ (ppm) relative to Me,SO-dg at §
39.7 and 2.40 for '°C and 'H signals, respectively.

The determination of the homogeneity and molar
mass (M) of the purified fraction (ISK2) was per-
formed on a Waters high-performance size-exclusion
chromatography (HPSEC) apparatus coupled to a dif-
ferential refractometer (RI) and a Wyatt Technology
Dawn-F Multi-Angle Laser Light Scattering detector
(MALLS). Waters Ultrahydrogel columns (2000, 500,
250, and 120) were connected in series and coupled with
multidetection equipment, using a NaNO, solution
(0.1 M) as eluent, containing 0.5 g/ NaN3. The poly-
saccharide solutions (1 mg mL™") were dissolved in the
same solvent and filtered through a Millipore nitrocellu-
lose membrane, with pores of 0.22 or 0.45 um. HPSEC
data were collected and analyzed by the Wyatt Technol-
ogy ASTRA program. The specific refractive index
increment (dn/dc) was determined using a Waters 2410
detector. All experiments were carried out at 25 °C.

2.2. Biological material

Fresh P. florida (2 kg) was furnished by Makoto Yamash-
ita Company (Miriam Harumi Yamashita), located in
Sdao José dos Pinhais, State of Parana, Brazil. The
basidiomycetes were grown on wheat straw supplemented
with wheat—corn powder at a temperature of ~20 °C.

2.3. Extraction and purification of polysaccharide
Extraction and purification of the polysaccharide from

the fruit bodies of P. florida was carried out according
to Figure 1. Dried fruit bodies (196 g) were successively
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Figure 1. Scheme of extraction and purification of the B-glucan from
the fruit bodies of P. florida.

extracted with water (25 and 100 °C) and 2% aq KOH
(100 °C for 6 h, each). The combined alkaline extracts
were neutralized with HOAc, dialyzed against tap water
for ~48 h, concentrated under reduced pressure to small
volumes, and freeze-dried, giving rise to fraction K2.
This fraction was then dissolved in H,O, and the solu-
tion was frozen and then allowed to thaw slowly. The
resulting insoluble material (IK2) was centrifuged off
(9000 rpm for 15 min at 25°C). The soluble fraction
(SK2) was submitted to a second process of freezing, fol-
lowed by mild thawing at 4 °C, which furnished cold
water-soluble (SSK2) and insoluble gel-like fractions
(ISK2), which were separated by centrifugation
(9000 rpm at 4 °C for 30 min).

2.4. Monosaccharide composition

Each fraction (1 mg) was hydrolyzed with 2 M TFA at
100 °C for 8 h, followed by evaporation to dryness.
The residue was successively reduced with excess of
NaBH, and acetylated with 1:1 Ac,O—pyridine (2 mL)
at room temperature for 12 h.'*'* The resulting alditol
acetates were analyzed by GC-MS as indicated above
and identified by their typical retention times and
electron impact profiles.

2.5. Methylation analysis

O-Permethylation of the isolated polysaccharide (10 mg)
was carried out using 40% aq NaOH (3mL) and
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Figure 2. HPSEC elution profile of ISK2 fraction.

Me,SO, (3 mL), added dropwise.!> This process, after
isolation of the products by neutralization, dialysis,
and evaporation, was repeated. Complete O-permethyl-
ation of the polysaccharide was carried out using
NaOH-Me,SO-Mel.!® The O-permethylated deriva-
tives (2 mg) were hydrolyzed with 45% v/v formic acid
(1 mL) at 100 °C for 15 h, followed by evaporation to
dryness. The resulting mixture of O-methylaldoses was
reduced with NaB?H, and acetylated as above (item
2.4) to give a mixture of partially O-methylated alditol
acetates, which was analyzed by GC-MS.

2.6. Controlled Smith degradation

ISK?2 (100 mg) was submitted to oxidation with 0.05 M
aq NalO4 (20 mL) for 72 h at 25°C in the dark. The
sample was then dialyzed against tap water for 48 h
and treated with NaBH, (pH 9-10) for ~20 h.!” The
solution was dialyzed and freeze-dried, and the product
was successively partially hydrolyzed (TFA pH 2.0,
30 min, 100 °C),'® and dialyzed against tap water using
membranes with a size exclusion of 2 kDa, retained
material being freeze-dried to give SM-ISK2 (72 mg).

Table 2. 'H and '>*C NMR chemical shifts of native B-glucan (ISK2)*

Volume (mL)

Table 1. Partially O-methylalditol acetates formed on methylation
analysis of the B-glucan (ISK2) and those obtained on controlled
Smith degradation (SM-ISK2)

Partially 1R° % Area of Linkage type®
O-methylated fragments

alditol acetates ISK2 SM-ISK2

2,3,4,6-Mes-Gle  9.38 204 Tr.° Glep-(1-
2,4,6-Me;3-Glc 1223 595 998 3-)-Glep-(1-

2,4-Me,-Glc 19.05  20.1 —

#Based on derived O-methylalditol acetates.
®Retention time (min).
¢ Traces.

3,6—)-Glep-(1—

3. Results and discussion

P. florida was shown to contain 90% moisture, removed
in a freeze dryer, and the product was then successively
extracted with water and aqueous alkali. Fractionation
of the alkaline extract (K2, 15.3% yield) by a freezing/
thawing process furnished water-soluble (SK2; 9.2%
yield) and insoluble (IK2; 6.1% yield) polysaccharide
fractions, which were separated by centrifugation. In
order to separate a gel-forming fraction (ISK2; 3.6%

Units 1 2 3 4 5 6
6a 6b

—3)-B-Glep-(1- B¢ 102.9 72.9/72.8 86.6/86.3/86.2 68.6 76.5/76.4 61.0/60.9 61.0/60.9

'H 4.51 3.21 3.48 3.26 3.26 3.68 3.48
—3,6)-B-Glep(1— B3¢ 103.0 72.7 86.0 68.7 74.9 68.5 68.5

'H 4.51 3.21 3.48 3.26 3.51 4.05 3.54
B-Glep-(1—> B¢ 103.1 73.7 76.6 70.3 76.2 61.2 61.2

'H 421 3.01 3.11 3.10 3.26 3.68 3.48

# Assignments based on 13C, DEPT, COSY, TOCSY, and HMQC analysis.



J. C. Santos-Neves et al. | Carbohydrate Research 343 (2008) 1456—1462 1459

HO,
HO
OH
t
O
OH
OH © OH OH
HO O Ho O Ho Q. Ho 0
m m m
_0 o d o! o
OH OH OH OH n
Figure 3. Structure of the B-glucan obtained from P. florida.
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Figure 4. '3C NMR (A) and DEPT (B) spectra of the B-glucan in Me,SO-dg at 70 °C (chemical shifts are expressed in ppm).
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yield), SK2 was submitted to a second process of
freezing followed by mild thawing at 4 °C, then centri-
fugation (Fig. 1). This process gave pure ISK2 fraction,
which showed a homogeneous elution profile on
HPSEC, with M, 1.2 x 10°g/mol (dn/dc=0.159)
(Fig. 2).

The purified gel-like fraction (ISK2) was a glucan
giving only glucose on hydrolysis (GC-MS). Analysis by
GC-MS of its O-permethylated homopolymer suggested
the presence of a branched (1—3), (1—-6)-linked B-glu-
can due to the presence of alditol acetates of 2,3,4,6-
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Me,Glc, 2,4,6-MesGlc, and 2,4-Me,Glc, in a molar ratio
of nearly 1:3:1, respectively (Table 1).

ISK2 was examined using NMR spectroscopy, and its
signals were assigned using 1D ('H, '*C, and DEPT) and
2D NMR spectra ('H (obsd) '*C HMQC, COSY, and
TOCSY) (see in Table 2). All the signals were assigned
using the literature values for similar polysaccha-
rides.!” ! These data suggest the structure of the poly-
saccharide isolated as shown in Figure 3.

13C NMR (Fig. 4A) and 'H (obsd), *C HMQC
spectra (Fig. 5A) contained signals (C-1/H-1) in the

ppm
A 560.9; 61.0; 61.2/3.68  _ §60.9; 61.0; 61.2/3.46
- 60
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Figure 5. 'H (obsd),'*C HMQC (A), and "H NMR (B) spectra of the p-glucan in Me,SO-dg at 70 °C (chemical shifts are expressed in ppm).
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Figure 6. '3C NMR (A) and "H (obsd), >*C HMQC (B) spectra of B-glucan obtained on controlled Smith degradation (SM-ISK2), in Me,SO-d; at

70 °C (chemical shifts are expressed in ppm).

anomeric region at § 103.1/4.21 corresponding to non-
reducing end units (t) (Fig. 3), while those at 6 102.9/
4.51 are from 3-O-substituted (m) and 3,6-di-O-substi-
tuted residues (d). The B-configuration was shown by
low-frequency H-1 (6 4.51 and 4.21) and high-frequency
C-1 signals (6 103.1 and 102.9) (Figs. 4A and 5A, B).*

The glycosidic linkages of the glucan were shown by
the presence of 3-O-substituted signals at ¢ 86.6, 86.3,
and 86.0, and O-substituted-CH,-6 signal at ¢ 68.2 (in
the form of an HMQC doublet at & 68.2; 4.05/3.54,
Fig. 5A). O-6 substitution was confirmed from the
respective reversed peak in the DEPT spectrum (Fig. 4B).

The structure of the backbone of this glucan was char-
acterized by a controlled Smith degradation, which gave

a product (SM-ISK2) that was analyzed by '*C NMR
spectroscopy and 'H (obsd) '*C HMQC (Fig. 6A and
B, respectively). It proved to be a linear (1— 3)-linked
B-glucan with typical C/H signals at & 102.9/4.43;
86.1/3.40; 76.3/3.18; 72.8/3.23; 68.4/3.18, and 60.9/
3.69;3.40, arising from C-1/H-1, C-3/H-3, C-5/H-5, C-
2/H-2, C-4/H-4, and C-6/H-6a;b, respectively.” It was
methylated, and the alditol acetates on GC-MS analysis
revealed almost exclusively a 2,4,6-Mes;Glc derivative
(99.8%). This result further confirms that the non-reduc-
ing ends units of B-Glcp attached to the branch point at
0-6 of glucan were completely oxidized by periodate.
In summary, the results of monosaccharide composi-
tion, methylation data, NMR spectroscopic analysis,
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and controlled Smith degradation of ISK2 showed it to
be a glucan containing a (1—3)-linked, B-p-glucopyran-
osyl main chain, partially substituted at O-6 by single
units of B-p-glucopyranosyl groups, on the average, to
every fourth residue of the backbone.

Glucans are common components of basidiomycetes,
and the degree of substitution varies with the organ-
ism.? Usually, these polymers have the same main chain
and substitution and the degree of branching is 1 in 3,
such as scleroglucan,'® lentinan,>* grifolan,”® among
others, and these glucans have a strong antitumor
effect.'> However, the present glucan, having the same
structure and degree of branching as that from P. ostre-
atus, had a stronger antitumor activity at doses of
0.1 mg/kg (74 +10% of inhibition) and 0.2 mg/kg
(95 + 3% of inhibition) against Sarcoma 180.%° In addi-
tion, other studies indicated that the distribution of the
single glycosyl units along the main chain confers their
immunomodulating activity, their solubility in water
also being important for biological applications.?® These
studies suggest that the presently investigated glucan
could act as a biological response modifier (BRM). We
propose that part of the medicinal value of the edible
Pleurotus spp. can be attributed to their glucans.
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