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Abstract—Six polysaccharides were extracted sequentially from the fresh sclerotium of Poria cocos cultivated in China using 0.9%
NaCl (PCS1), hot water (PCS2), 0.5M NaOH (PCS3-I and PCS3-II), and 88% formic acid (PCS4-1 and PCS4-II). Their chemical
and physical characteristics were determined using infrared spectroscopy (IR), gas chromatography (GC), GC-MS methylation
analysis, *C NMR spectroscopy, elementary analysis (EA), protein analysis, size exclusion chromatography combined with laser
light scattering (SEC-LLS), light scattering (LS), and viscometry. The results indicated that the polysaccharides PCS1, PCS2, and
PCS3-1 were heteropolysaccharides containing D-glucose, D-galactose, pD-mannose, D-fucose, and D-xylose; the predominant
monosaccharide was D-glucose except for PCS1 where it was D-galactose. PCS3-11, the main component of the sclerotium of
P. cocos, was a linear (1 — 3)-B-D-glucan of high purity. PCS4-1 consisted of (1 — 3)-B-D-glucan with some B-(1 —6) linked
branches. PCS4-I1 was mainly composed of (1 — 3)-B-p-glucan containing some glucose branches. The M, values of the six
polysaccharides PCS1, PCS2, PCS3-1, PCS4-1 in 0.2M NaCl aqueous solution, PCS3-II, and PCS4-II in dimethyl sulfoxide
(Me,SO) were determined to be 11.6x 104, 20.8 x 104, 17.1x10% 9.1x 104, 12.3x 10*, and 21.1x 10* respectively. The six polysac-
charides in aqueous solution or Me,SO exist as flexible chains.
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1. Introduction

Poria cocos, a fungus that grows on the roots of pine
trees, is one of the most important traditional medicines
in China and Japan, and has pharmacological impor-
tance in diuretic,' antibacterial, antitumor,?>* mitogenic,
complement activating,’ and immune stimulating ac-
tivities.® The highest proportion of (1 — 3)-B-p-glucan
extracted from P. cocos sclerotium is called pachyman.
Chihara et al.® have reported the presence of B-(1 — 6)-
glucosyl branches on the backbone of (1 — 3)-B-D-glu-
can. When the B-(1 — 6)-glucoside linkages are severed
by sodium metaperiodate oxidation, the linear (1 — 3)-
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B-p-glucan through obtained has antitumor activites.? It
is worth noting that chemical components, molecular
weight, water solubility, conformation, and chemical
modification of polysaccharides have significant effects
on their antitumor and immunomodulatory activi-
ties.” 1 However, the chemical components and molec-
ular mass of various polysaccharides from P. cocos
sclerotium and mycelia have still not been fully studied.
In particular, there are some discrepancies in the liter-
ature data, where the reported values of molecular mass
range from 4.1 x10* to 5x 108312 In our laboratory, a
linear (1 — 3)-B-p-glucan (PCS3) isolated from P. cocos
sclerotium has been shown to form aggregates in aque-
ous solution, leading to large apparent molecular mass,
and in dimethyl sulfoxide (Me,SO) or cadoxen to be
dissolved as single chains with M,, about 9x 10*.3"15 The
higher values of M, reported in the literature are
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believed to have resulted from extensive aggregation,
which can be avoided in good solvents such as concen-
trated cadoxen or Me,SO.

In previous work we reported on the effect of culture
media on the chemical and physical characteristics of
polysaccharides isolated from P. cocos mycelia'® and on
the antitumor activities of these polysaccharides.!” Here,
we attempt to study systematically the chemical com-
ponents and molecular mass of the various polysacchar-
ides extracted from fresh sclerotium of P. cocos. Infrared
spectroscopy (IR), gas chromatography (GC), GC-MS
methylation analysis, '3C NMR spectroscopy, elemen-
tary analysis (EA), laser light scattering (LLS), size-
exclusion chromatography (SEC) combined with LLS,
and viscometry were used to obtain information dealing
with composition and conformation in detail. This is the
first integrated report on the molecular mass of the
various polysaccharides extracted from fresh sclerotium
of P. cocos.

2. Experimental

2.1. Isolation and purification of polysaccharides' '8

Fresh sclerotium of P. cocos cultivated in Luotian
(Hubei, China) was peeled, and the white body of the
sclerotium was dried and powdered. The powder was
defatted by Soxhlet extraction with EtOAc for 6 h and
acetone for 6 h. The resulting residue was immersed in aq
0.9% NacCl and stirred by a mechanical stirrer overnight
to yield a syrup before being centrifuged to give the su-
pernatant PCS1. Further extraction was made with hot
water, 0.5 M NaOH, and 88% HCO,H and sample codes
are outlined in Scheme 1. Each concentrated supernatant
was decolorized with 30% H,0O, and deproteinated by
the Sevag method 10 times and then dialyzed (regener-
ated cellulose tubing; M,, cut-off 8000, USA) against tap
water for five days and distilled water for four days. Each
polysaccharide examined by UV spectroscopy (UV-160,
Shimadzu, Japan) showed a main peak at 200 nm for
polysaccharide, no absorption peaks at 280 nm for pro-
tein and 600 nm for pigment, except for PCS3-I1. The
polysaccharides were finally lyophilized (Christ Alpha
1-2, Germany) to obtain a white powder for PCSI,
PCS3-II, and PCS4-1, a light yellow powder for PCS2
and PCS3-1, and a light brown powder for PCS4-I1.

2.2. Analysis of chemical composition

Infrared spectra of the polysaccharides were recorded
with a Nicolet 170SX FT-IR (Spectrum One, Perkin
Elmer Co., USA) spectrometer in the range 4000-
400 cm™! using the KBr disk method. The elemental
compositions of the products were determined by an
elemental analyzer (CHN-O-RAPID Heraeus Co.,

Germany). Protein content in the polysaccharides was
measured using a Kjeletc 1030 self-analyzer (Switzer-
land) according to the semi-micro Kjeldahl principle.

Gas chromatography (GC) of the alditol acetates
derivatives of the polysaccharides was performed with
an HP-6890 gas chromatography (Hewlett Packard,
USA) using an Alltech DB-225 capillary column
(15mx0.25mm) programmed from 180 to 220°C at
4°C/min and held at 220°C for 30 min. The injection
sample volume was 2 pul, the carrier gas was high-purity
helium, and detection was by flame ionization. For the
methylation analysis, the polysaccharides PCS1 and
PCS2 were permethylated twice using CH;I and solid
NaOH in dimethyl sulfoxide (Me,SO) as a sequential
method as described.'®?° The methylated polysaccharide
was subsequently hydrolyzed with 2M trifluoroacetic
acid (2h, 120°C) and reduced with NaBH,. After neu-
tralization and removal of boric acid by coevaporation
with MeOH, the mixture of partially methylated alditols
was acetylated with Ac,O (3h, 120°C). The resulting
products were analyzed using a mass spectrometer (MS,
QP5050A, Shimadzu, Japan) fitted with a capillary
column (30mx0.75mm i.d., Restek OV225) in the
Chinese University of Hong Kong.

High resolution *C NMR spectra were recorded on a
Jeol Lambda 400 MHz spectrometer equipped with a
DEC AXP 300 computer workstation (Jeol Co., Herts.,
England) at 60 °C. All the samples, except PCS3-1, were
deuterium exchanged by freeze-drying three times from
D,O and then examined in solutions of 99.96% D,O,
using internal acetone as reference (dyg 2.225, dc 31.45)
for PCS1 and PCS2 or 99.97% Me,SO-ds for PCS3-11,
PCS4-1, and PCS4-11.

2.3. Viscometry

Intrinsic viscosities [n] of the polysaccharide solutions
were measured at 25+ 0.1 °C using an Ubbelohde capil-
lary viscometer. The 0.2M NaCl aqueous solution or
Me,SO were used as sample solvents, respectively. The
kinetic energy correction was always negligible. Huggins
and Kraemer equations were used to estimate the [] value
by extrapolation to concentration (c) to be zero as follows:

nep/c = [+ kKn’le (1)
(Inn,)/c = [n] + K[’ (2)

where k' and &” are constants for a given polymer at a
given temperature in a given solvent; 7,/c, the reduced
specific viscosity; (In#,)/c, inherent viscosity.

2.4. Laser light scattering
The light-scattering intensities of polysaccharides solu-

tion were determined with a multi-angle laser light
scattering instrument equipped with a He-Ne laser
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Scheme 1. Extraction of the polysaccharides from sclerotium of Poria cocos.

(A =633nm; Dawn® DSP, Wyatt Technology Co.,
USA) in the angles of 43°, 49°, 56°, 63°, 71°, 81°, 90°,
99°, 109°, 118°, 127°, 136°, and 152° at 25°C. The
polysaccharide solutions of desired concentrations were
prepared, and optical clarification of the solution was
achieved by filtration through a 0.2 um pore size filter
(Whatman, England) into the scattering cell (SV mode).
The refractive index increments (dn/dc) were deter-
mined using an Optilab refractometer (Dawn-DSP,
Wyatt Technology Co., USA) at 633nm and 25°C.
The dn/dc values of samples in aqueous 0.2M NaCl
and Me,SO solutions were determined to be 0.140
and 0.060mLg™!, respectively. Astra software
(Version 4.70.07) was utilized for data acquisition and
analysis.

2.5. SEC-LLS measurements

Size exclusion chromatography combined with laser
light scattering (SEC-LLS) measurements were carried
out on a Dawn® DSP multi-angle laser photometer
already mentioned, combined with a P100 pump
(Thermo Separation Products, San Jose, USA) equip-
ped with TSK-GEL G5000 and G3000 PWXL column
(7.8x300mm) in series for aqueous solution, or a
G4000 Hg column (7.5x 300 mm) for Me,SO at 25°C.
A differential refractive index detector (RI-150) was
simultaneously connected. The eluent was aqueous
0.2M NacCl or Me,SO with a flow rate of 1.0 mL/min.
All solutions having a polysaccharide concentration of
1.0x1073 to 2.0x1073 g/mL were filtered first with a
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sand filter followed by a 0.20 pm filter (Whatman,
England), then kept in sealed glass bottles before in-
jection onto the SEC column. Astra software (Version
4.70.07) was utilized for the data acquisition and
analysis.

3. Results and discussion
3.1. Chemical composition of PCS

The IR spectra of the samples PCS1-PCS4-11 are shown
in Figure 1. All samples exhibited the characteristic IR
absorption of polysaccharide at 1250 and 1650cm™'.
The IR absorption peak at 800cm™' for PCS1 was the
characteristic absorption of mannose. The polysaccha-
rides PCS2, PCS3-I, PCS3-1I, PCS4-1, and PCS4-11

showed IR absorption at 890 cm™!, which is character-

PCS4-11

PCS3-1I

3400

4000 3000 2000 1000
Wavenumber (cm™)

Figure 1. FT-IR spectra of the polysaccharide fractions from sclero-
tium of Poria cocos.

istic of B-pD-glucan. The sample PCS4-II exhibited a
specific absorption peak at 1720cm™!, suggesting the
presence of uronic acid.

GC traces of the polysaccharides hydrolyzates, in
comparison with standard saccharides, showed the
monosaccharide components and are summarized in
Table 1 together with protein content and yields of the
polysaccharides. The results revealed that p-glucose was
the predominant monosaccharide of PCS2-PCS4-II,
and its content increased with the progress of isolation
on the whole. The polysaccharides PCS1, PCS2, and
PCS3-1 were heteropolysaccharides containing D-glu-
cose, D-mannose, D-galactose, D-fucose, and D-xylose.
The polysaccharides PCS3-II, PCS4-1, and PCS4-11
mainly consisted of D-glucose. D-mannose was present
in a high amount in both PCS1 and PCS3-1 while p-
galactose was present in the highest amount in PCSI.
The results of methylation analysis by GC-MS further
confirmed that the samples PCSI and PCS2 were
heteropolysaccharides with various linkages. PCSI
mainly contained —3)-p-Glc-(1—, —6)-D-Gle-(1-,
—6)-D-Gal-(1-, —4,6)-p-Gal-(1—, —2,6)-pD-Man-(1—
and — 3,6)-pD-Man-(1—. PCS2 mainly contained —3)-
D-Glc-(1—, D-Glc(l— (terminal), —6)-D-Glc-(1—,
—2)-pD-Gal-(1— and —3,6)-D-Man-(1—. The compo-
nents and structure of the heteropolysaccharides PCS1,
PCS2, and PCS3-I were very complex, and will be fur-
ther investigated in detail.

The protein content of each polysaccharide calculated
from N elemental analysis was similar to the results of
protein analysis. The average values of the protein
content are summarized in Table 1. The protein content
in PCS3-1 was much higher than in other samples and
can be attributed to the probability that the protein was
bound to the polysaccharides, as the Sevag procedure
was repeated over 10 times to remove free protein. From
Table 1, it was found that the yield of PCS3-II (84.2%)
was much higher than the other polysaccharides, so it
was the main component of P. cocos sclerotium.

The 3C NMR spectra of five polysaccharides PCS1,
PCS2, PCS3-II, PCS4-1, and PCS4-1I are shown in
Figure 2, and the assigned chemical shifts of the spectra
of the samples and those previously reported for (1 — 3)-
B-p-glucan?'?? are in Table 2. The strong signals around
103.0, 86.2, 76.3, 72.7, 68.3, and 60.8 ppm for the
polysaccharides PCS2 to PCS4-11 were assigned as C-1,
C-3, C-5, C-2, C-4, and C-6 of (1 = 3)-B-p-glucan.?' >
The *C NMR spectrum of PCS3-1I showed one ano-
meric peak at 102.9 ppm indicating that there was a
polysaccharide of one residue present. The 'H spectrum
also showed one signal in the anomeric region further
confirming the deduction of a one-sugar polysaccharide.
The C—'H HMQC spectrum correlated proton and
carbon signals, and lead to the conclusion from chemical
shift values and approximate coupling constant data
that the repeating unit was (1 — 3)-B-D-glucan. Thus,
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Table 1. Monosaccharide composition, protein content and yield of the polysaccharides from Poria cocos sclerotium

Sample Monosaccharide content (wt.%) Protein Yield
0, 0,
Rha Fuc Xyl Man Gal Ara Glc (wt.%) (Wt.%)
PCS1 — 9.2 — 25.7 47.9 — 17.1 6.2 0.34
PCS2 + 1.5 + 8.8 6.5 + 82.4 12.4 0.11
PCS3-1 — 9.0 4.0 39.3 104 — 37.2 40.1 0.08
PCS3-11 + — — + + — 98.4 — 84.2
PCS4-1 + 1.2 + 29 + + 93.1 5.5 0.03
PCS4-11 + — — + — — 97.2 — 0.51

—: not detected.
+: trace amount.
Rha: rhamnose; Fuc: fucose; Xyl: xylose; Man: mannose; Gal: galactose; Ara: arabinose; Glc: glucose.

PCS4-11 1663 563 60.8
103.1
170160 ppm \ \'
me h it
PCS4-1
103.0 68.3 60.8
P 76.3
862 72.7
A 75.5
70.0
73.7 Wai7
PCS3-11

102.9 862 76. 608
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69.5
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Figure 2. *C NMR spectra of fractions PCS1 and PCS2 in D,0O, PCS3-I1, PCS4-1, and PCS4-1I in Me,SO-d;.
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Table 2. *C NMR chemical shifts for the polysaccharides (8, ppm)
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Sample C-1 C-2 C-3 C-4 C-5 C-6 C-6'
PCS2 103.7 74.5 85.4 69.3 76.8 61.9
PCS3-11 102.9 72.7 86.2 68.3 76.3 60.8
PCS4-1 103.0 72.7 86.2 68.3 76.3 60.8 70.0
PCS4-11 103.1 72.8 86.3 68.4 76.4 60.8 69.0
Branched (1 — 3)-p-p-glucan?!  103.0 72.8 86.2 68.4 76.3 60.9 70.0
Linear (1 — 3)-B-p-glucan? 102.9 72.6 86.1 68.2 76.1 60.8

PCS3-II was characteristic of a linear (1 — 3)-p-p-glu-
can. The chemical shifts for PCS4-1 showed that the
signal for C-6 had moved from 60.8 to 70.0 ppm (C-6'),
indicating the existence of a B-(1—6) branch. Addi-
tional small signals for C-3’ at 73.7, C-4' at 65.7, and C-
5" at 75.5 ppm confirmed the presence of branches. The
signal in the spectrum of PCS4-II at 69.0 ppm revealed
that there were branches on C-6. Other chemical shifts
at 83.6 and 72.0 ppm can be attributed to C-2’ and C-4'
for (1 —2) linked branching.’** However, there was a
signal at 166.3 ppm for PCS4-11, suggesting the existence
of some acid. It was attributed to an impurity rather
than glucuronic acid, as the -CO,H signal for uronic
acid in Me;SO-dg at 60 °C would be expected to appear
between ~172-173ppm, approximately. Therefore,
PCS4-11 contained mainly (1 — 3)-B-p-glucan with some
B-(1 = 6) and (1 — 2) branching.

The strong signals in the spectrum of PCS1 at 99.2,
70.8, 69.5, 71.6, and 62.3 ppm were assigned to C-1, C-3,
C-2, C-5, and C-6 of a-p-galactose bound to mannose,
while those at 103.4, 79.9, 72.7, and 62.3 ppm were as-
signed to C-1, C-4, C-3, and C-6 of mannose,?*?’ indi-
cating that PCSI mainly contained galactose and
mannose. Although signals for glucose and fucose were
not seen, these data are in good agreement with the GC,
GC-MS of methylated products and IR results indi-
cating that PCS1 is a heteropolysaccharide. The pre-
dominant component of polysaccharides isolated from
the sclerotium of P. cocos, PCS3-II, was (1 — 3)-B-D-
glucan.

3.2. Molecular mass and intrinsic viscosity

Figure 3 shows the Zimm plots for PCS1 in 0.2 M NaCl
aqueous solution and for PCS3-II in Me,SO at 25°C.
Here K is the light scattering constant, Ry is the reduced
Rayleigh ratio at angle 0, and c¢ is polysaccharide con-
centration. From LLS, SEC-LLS and viscometry mea-
surements, the weight-average molecular mass M,, root
mean square radius of gyration (s2>1/ ? and intrinsic
viscosity [n] of the polysaccharides in 0.2M NaCl
aqueous solution or Me,SO are summarized in Table 3.
The M,, values measured by LLS were similar to those
by SEC-LLS, which proved the agreement of two
methods. In general, the values of [;] and <s2>1/ ? relate to
chain stiffness of the polymer, and the relatively higher

sin’(6/2) + 940¢

6.0
50
%2 i
g T
§40_—
= i
- -
3.0
L. N N B R
2'91.0 -0.5 0.0 0.5 1.0

sin’(6/2) - 172¢

Figure 3. Zimm plots for PCS1 in 0.2M NaCl aq solution (top) and
PCS3-1II in Me,SO (bottom).

values of [n] and <s2>1/ ? reflect a relatively expanded
chain of the polymer. From the data listed in Table 3,
the extent of the chain expansion for the polysaccharides
from PCS1 to PCS4-II increased with the isolation
progress on the whole. Compared with a flexible poly-
mer, the polysaccharides PCS1, PCS2, and PCS3-I exist
as random coils in aqueous solution, while PCS3-II and
PCS4-1I exist as relatively expanded flexible chains in
Me,SO. As shown in Figure 3, the 4, value of PCSI and
PCS3-I1 were positive (2.37x107> and 1.03x1073
molmL g~2), suggesting that 0.2 M NaCl aqueous solu-
tion and Me,SO were good solvents for PCS1 and
PCS3-II, respectively, at 25°C. Interestingly, the M,
values of B-glucan from P. cocos were significantly lower
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Table 3. Experimental results from viscosity, LLS and SEC-LLS for the polysaccharides from Poria cocos sclerotium at 25°C

Sample Solvent [] (cm® g™ ()" (nm) LLS SEC-LLS
M, x 107* M, x 107 Polydispersity
(gmol™") (gmol™) index

PCS1 0.2 M NaCl 5.96 31.5% 11.6 11.2 1.6

PCS2 0.2 M NaCl 8.50 39.1° 20.8 23.9 1.6

PCS3-1 0.2 M NaCl 17.6 35.9° 17.1 15.8 1.8

PCS3-11 Me,SO 76.3 56.4* 12.3 14.0 1.7

PCS4-1 0.2 M NaCl 93.2 50.2° — 9.1 1.6

PCS4-11 Me,SO 96.3 79.8% 21.1 19.1 2.0

—: not detected.
#Data obtained from LLS.
®Data obtained from SEC-LLS.

than those of polysaccharides from other basidiomyce-
tes. For example, the M,, values of (1 — 3)-B-D-glucan
from Lentinus edodes’®® ranged from 8.8x10° to
1.2x10°% while those from Auricularia auricula judae
were 1.17x10° and 1.44x10° for (1 — 3)-B-p-glucans A
and C.3°

4. Conclusions

P. cocos sclerotium contained more than six polysac-
charide fractions. The predominant monosaccharide
was D-glucose for the polysaccharides PCS2 to PCS4-11,
whose content increased with the progress of isolation
on the whole. The polysaccharides PCS1, PCS2, and
PCS3-1 were heteropolysaccharides containing p-glu-
cose, D-galactose, b-mannose, D-fucose and a trace of
D-xylose. The polysaccharide PCS3-1 was a protein-
bound heteropolysaccharide while PCS3-II, the main
component of the P. cocos sclerotium, was a linear
(1 - 3)-B-p-glucan of high purity. PCS4-1 consisted of
(1 - 3)-B-p-glucan with a few B-(1 — 6) linked branches,
while PCS4-1I was mainly composed of (1— 3)-B-p-
glucan with a few B-(1 — 2) linked and B-(1 — 6) linked
branches. The M,, values of the six polysaccharides were
determined to be 11.6, 20.8, 17.1, 12.3, 9.1, and
21.1x10* for the samples PCS1-PCS4-11, respectively.
The polysaccharides PCS1, PCS2, and PCS3-I exist as
random coils in 0.2M NaCl aqueous solution, while
PCS3-1II and PCS4-II exist as relatively expanded flexi-
ble chains in Me,SO.
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