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Abstract

Mycelia of a wild strain Poria cocos were cultured in two media differing in one constituent: bran extract or corn steep liquor, and

are designated as wb and wc, respectively. Six polysaccharide fractions were isolated sequentially from the two mycelia by 0.9%

NaCl (PCM1), hot water (PCM2), 0.5 M NaOH (PCM3-I and -II) and 88% formic acid (PCM4-I and -II). Their chemical and

physical characteristics were determined by infrared spectroscopy (IR), gas chromatography (GC), 13C NMR, light scattering (LS)

and viscometry. The results indicated that wb-, wc-PCM1, and PCM2 were heteropolysaccharides mainly composed of a-D-glucose,

mannose, and galactose, whereas wb-PCM3-I and wc-PCM3-I were mainly (10/3)-a-D-glucans, and wb- and wc-PCM3-II, PCM4-I

and PCM4-II were (10/3)-b-D-glucans. Interestingly, (10/3) a- and (10/3)-b-D-glucans co-existed in the 0.5 M NaOH fraction and

were separated individually into the two fractions (PCM3-I and PCM3-II) after neutralizing with acetic acid. The polysaccharides

from wc-PCM cultured in media containing corn steep liquor contained relatively more protein. The polysaccharide fractions also

existed in conformations including random coil (as in PCM0 and PCM1) and expanded chain (as in PCM3), and differed molecular

mass. In addition, two exo-polysaccharides isolated from the two culture media by methanol precipitation (wb- and wc-PCM0) also

differed in their monosaccharide composition.
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1. Introduction

Poria cocos , a fungus belonging to the Polyporaceae

family, is one of the most important herbs in China and

other Asian countries. It has been reported that poly-

saccharides extracted from Poria cocos (mainly glucan)

have mitogenic, complement activating,1 antimuta-

genic,2 antitumor,3,4 and immunological activities.5

The antitumor polysaccharides differ greatly in their

chemical composition, molecular mass, and chain

conformation.6,7 and thus, a basic understanding of

both their primary and secondary structures is

essential for the study of their bioactivities. Poria cocos

is mainly composed of the polysaccharide pachyman, a

(10/3)-b-D-glucan.8 Kanayama and co-workers9 have

isolated four polysaccharides from Poria cocos mycelia,

one of which is a highly branched (10/3)-b-D-glucan

containing �/20% (10/6)-b-glucan. The other three are

heteropolysaccharides consisting of glucose, galactose,

xylose, and mannose. Narui and co-workers10 indicated

that the polysaccharide produced by laboratory cultiva-

tion is almost identical with that prepared from natu-

rally occurring sclerotium of Poria cocos , and is mainly

(10/3)-b-D-glucan with few branches. However, the

chemical structures and molecular mass of the poly-

saccharides from Poria cocos sclerotium and mycelium

are still not fully understood. In particular, few data

have been published on their molecular mass, the

conformations, and solution properties.

In our laboratory, two b-D-glucans (PC3, PC4) have

been isolated from fresh sclerotium of Poria cocos11 and

identified as a linear (10/3)-b-D-glucan for PC3 and a

(10/3)-b-D-glucan with a few branches and glucuronic
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acid for PC4. These polysaccharides are the major

fractions of Poria cocos polysaccharides. It is worth

noting that the glucan PC3 in 0.5 M NaOH aqueous

solution could easily aggregate, leading to large appar-

ent molecular mass.12�14 Dimethyl sulfoxide (Me2SO) is

a good solvent for the b-glucan PC3, which exists

predominantly as single chains.13 The chemical struc-

ture, which depends on source, growth conditions and

method of isolation has an important bearing on the

biological activities of the polysaccharides.15 However,

the dependence of structure and conformation of the

Poria cocos polysaccharides on source and culture

condition has not yet been found. Furthermore, it is

still not clear whether a-D-glucan exists in these poly-

saccharides. Here, we have studied the effect of different

culture media used for mycelial cultivation on the

chemical composition of the polysaccharides extracted

from the mycelia. The chemical structure, molecular

mass, conformation and intrinsic viscosity [h ] of differ-

ent polysaccharide fractions isolated were determined by
13C NMR, light scattering, and viscometry.

2. Experimental

2.1. Cultivation of Poria cocos mycelia

The cultivation of Poria cocos mycelia was performed in
Huazhong Agricultural University. The strain coded as

No.P0 was obtained from wild Poria cocos in Luotian

(Hubei, China). The hyphae were inoculated in two

Scheme 1. Extraction of polysaccharides from Poria cocos mycelia.
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different culture media, the first consisting of D-glucose

(25 g), yeast extract (3.2 g), KH2PO4 (1 g), CaCl2 �/2H2O

(0.06 g), MnCl2 �/4H2O (5 mg), MgSO4 �/7H2O (0.5 g),

ZnCl2 (4 mg), Fe2(SO4)3 (5 mg), vitamin B1 (0.1 mg),
bran (200 g) extract and water (1 L). The second

medium was identical to the first except it had corn

steep liquor (10 mL) substituting the bran extract. The

hyphae were cultivated under aerobic condition at 24 8C
for 14 days. The resulting light-brown mycelia were

separated by filtration and washed with water for five

times, and then vacuum-dried. In addition, the super-

natant from the culture media was also collected to
obtain the exo-polysaccharides. The mycelial samples

were designated as wb-PCM (wild No.P0, in bran

extract) and wc-PCM (wild No.P0, in corn steep liquor).

2.2. Isolation and purification of polysaccharides

Poria cocos mycelia were defatted by Soxhlet extraction

with EtOAc for 8 h and then acetone for 8 h. The

resulting residue was powdered and then immersed in aq
0.9% NaCl overnight before being centrifuged to give

the supernatant, which was then dialyzed and lyophi-

lized to give the first polysaccharide fraction coded as

wb- or wc-PCM1. Subsequent isolation of the mycelial

polysaccharides by hot water, 0.5 M NaOH and 88%

formic acid was carried out as shown in Scheme 1 with

the overall extraction process and sample codes outlined

in Scheme 1. The collected culture medium was
extracted by MeOH to obtain the exo-polysaccharides,

coded as wb- or wc-PCM0. Each polysaccharide was

purified according to the previous method16 and finally

lyophilized by using lyophilizer (CHRIST Alpha 1-2,

Germany).

The concentrated supernatant was decolorized with

30% H2O2 and deproteinated by the Sevag method nine

times to remove free protein, and then dialyzed (regen-
erated cellulose tubing; Mw cut-off 8000) against tap

water for 5 days and distilled water for 3 days. Each

polysaccharide examined by UV spectroscopy (UV-160,

Shimadzu, Japan) showed only a main peak at 200 nm

for polysaccharide.

2.3. Analysis of chemical composition

Infrared spectra of the polysaccharides were recorded

with a Nicolet FT-IR (Spectrum One, Perkin�/Elmer

Co., USA) spectrometer in the range 4000�/400 cm�1,

using the KBr-disk method. Protein content in the

polysaccharides was measured by a KJELETC 1030

self-analyzer (Switzerland) according to the semi-micro

Kjeldahl principle.

Gas chromatography of the alditol acetate derivatives
of polysaccharides17 was performed with an HP 6890

gas chromatograph (Hewlett Packard, USA) using an

Alltech DB-225 capillary column (15 m�/0.25 mm)

programmed from 180 to 220 8C at 4 8C/min and held at

220 8C for 30 min. The injection sample volume was 2

mL, the carrier gas was helium, and detection was by

flame ionization.

High resolution 13C NMR spectra were recorded with

an Avance DRX-400 spectrometer (Bruker Co., Ger-

many/Switzerland) at room temperature. The polymer

concentration was adjusted to 10% by wt in all experi-

ments. D2O was used as solvent for PCM0 and PCM1,

and (Me2SO-d6) for PCM3 and PCM4.

Fig. 1. FT-IR spectra of polysaccharides from wc-PCM.
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2.4. Viscometry

Viscosities of the polysaccharide solutions were mea-

sured at 309/0.1 8C by using an Ubbelohde capillary
viscometer. The 0.5 M NaCl aqueous solutions and

Me2SO (or 0.25 M LiCl�/Me2SO) were used as solvents

of the samples, respectively. The kinetic energy correc-

tion was always negligible. Huggins and Kraemer plots

were used to estimate the intrinsic viscosity [h ].

2.5. Laser light scattering (LLS)

The light-scattering intensities of polysaccharides were

determined with a multi-angle laser light scattering

instrument (MALLS) equipped with a He�/Ne laser
(l�/633 nm; Dawn†DSP, Wyatt Technology Co.,

USA) in the angles of 42, 49, 63, 71, 81, 90, 99, 109,

118, and 1278 at 30 8C. The solutions of desired

polysaccharide concentrations were prepared, and op-

tical clarification of the solution was achieved by

filtration through an 0.2 mm pore size filter (Whatman,

England) into the scattering cell (SV mode). The

refractive index increments (dn /dc ) were measured
with an Optilab refractometer (Dawn†DSP, Wyatt

Technology Co., USA) at 633 nm and 30 8C. The dn /

dc values of samples in aqueous 0.5 M NaCl and in

Me2SO were determined to be 0.142 and 0.058 mL g�1,

respectively. Astra software (Version 4.70.07) was uti-

lized for data acquisition and analysis.

2.6. SEC-LLS measurements

Size-exclusion chromatography combined with laser
light scattering (SEC-LLS) measurements were carried

out on a Dawn†DSP laser photometer already men-

tioned, combined with a P100 pump (Thermo Separa-

tion Products, San Jose, USA) equipped with TSK-GEL

G5000 and G3000 PWXL columns (7.8 mm�/300 mm)
in series for aqueous solution, or a G4000 H6 column

(7.5 mm�/300 mm) for Me2SO at 30 8C. A differential

refractive index detector (RI-150) was simultaneously

connected. The eluent was aq 0.5 M NaCl or Me2SO

with a flow rate of 1.0 mL/min. All solutions having a

polysaccharides concentration of 1.0�/10�3�/2.0�/

10�3 g/mL were filtered first with a sand filter followed

by a 0.45 mm filter (Whattman, England), then kept in
sealed glass bottles before being injected 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 PCM

The IR spectra for the samples wc-PCM0�/wc-PCM4-II

are shown in Fig. 1. All samples exhibited the char-

acteristic IR absorption of polysaccharide at 1650 and

1250 cm�1. The IR absorption at 800 cm�1 of wc-
PCM0 and wc-PCM1 was the characteristic absorption

of mannose. The polysaccharides wc-PCM0 and wc-

PCM3-I showed IR absorption at 850 and 920 cm�1,

characteristic of an a-D-glucan.18 In contrast, wc-

PCM3-II, wc-PCM4-I, and wc-PCM4-II showed clearly

IR absorption at 890 cm�1, indicating the existence of a

b-D-glucan. Obviously, the samples wc-PCM0, wc-

PCM1, wc-PCM2 and wc-PCM3-I contained a-glucan,
but wc-PCM3-II, wc-PCM4-I and wc-PCM4-II were

Table 1

Monosaccharide composition, protein content, and yield of the polysaccharides from Poria cocos mycelia

Sample Monosaccharide content in polysaccharide (%) Protein (%) Yield (%)

Fuc Ara Xyl Man Gal Glc

wb-PCM0 �/ 6.1 3.9 11.4 5.9 71.7 12.8

wb-PCM1 �/ �/ �/ 7.7 19.2 73.1 7.6 1.3

wb-PCM2 �/ �/ �/ 0.9 1.3 95.9 8.5 2.0

wb-PCM3-I �/ �/ 1.0 2.2 �/ 95.6 �/ 20.5

wb-PCM3-II �/ 2.6 2.0 1.2 2.0 91.4 21.5 3.6

wb-PCM4-I �/ �/ �/ 5.8 �/ 94.1 �/ 1.3

wb-PCM4-II �/ �/ �/ �/ 23.9 76.1 2.0 1.9

wc-PCM0 4.1 3.0 2.5 61.7 15.0 13.7 19.0

wc-PCM1 10.5 �/ �/ 24.5 27.5 37.5 30.6 1.8

wc-PCM2 3.4 �/ �/ 12.5 13.4 70.7 29.5 3.1

wc-PCM3-I �/ �/ 6.4 16.7 �/ 76.9 20.2 7.7

wc-PCM3-II �/ �/ �/ �/ �/ 98.9 15.2 3.7

wc-PCM4-I 39.0 4.0

wc-PCM4-II 8.5 2.2

�/, not detected; �/, trace amount; Fuc, fucose; Ara, arabinose; Xyl, xylose; Man, mannose; Gal, galactose; Glc, glucose.
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mainly composed of b-glucan. The IR spectra of the wb-

PCM samples showed tendencies similar to those

mentioned above. Furthermore, the samples wb-

PCM4-I, wb-PCM4-II, and wc-PCM4-II exhibited

peaks at 1729�/1738 cm�1 (COO�), suggesting the

presence of glucuronic acid.19

Fig. 2. 13C NMR spectra of the polysaccharides from wb-PCM: wb-PCM0 in D2O, wb-PCM3-I, and wb-PCM4-II in Me2SO-d6.
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GC traces of the polysaccharides hydrolyzates, in

comparison with standard saccharides showed the

monosaccharide component, are summarized in Table

1, together with protein content and yields of the

polysaccharides. The results indicated that glucose is

the predominant monosaccharide, and its content in-

creases with the progress of isolation. The polysacchar-

ides PCM3-I, PCM3-II, PCM4-I, and PCM4-II

consisted mainly of glucose. PCM1 and PCM2 are

heteropolysaccharides containing mannose, galactose,

glucose and traces of other monosaccharides. In addi-

tion, PCM0 contains arabinose, xylose, mannose, ga-

lactose, and glucose. Obviously, the protein content in

the wc-PCM polysaccharides cultured from the media

containing corn steep liquor was higher than that in the

wb-PCM from the media containing bran extract. The

protein was probably bound to the polysaccharides,

because the Sevag procedure was repeated over nine

times to remove free protein. Moreover, the overall yield

of the wc-PCM polysaccharides was higher than that of

wb-PCM. The samples wb-PCM0 and wc-PCM0 all

were heteropolysaccharides containing arabinose, xy-

lose, mannose, galactose, and glucose, but the predomi-

nant monosaccharide of wc-PCM0 was mannose and

that of wb-PCM0 was glucose. In addition, wb-PCM0

contained relatively more galactose.

The 13C NMR spectra of some polysaccharides are

shown in Figs. 2 and 3. The strong signals at 101.3, 82.7,

71.7, 70.8, 69.9, 61.9 and 64.3 ppm for wb-PCM0 were

assigned as C-1, C-3, C-5, C-2, C-4, C-6 and C-6s of

Fig. 3. 13C NMR spectra of the polysaccharides from wc-PCM: wc-PCM0 in D2O, wc-PCM3-I, and wc-PCM3-II in Me2SO-d6.
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branched (10/3)-a-D-glucan.20,21 The peaks at 100.0 (C-

1), 78.0 (C-5), 74.7 (C-3), 72.8 (C-2), 68.3 (C-4) and 62.5

(C-6) ppm are assigned to b-linked D-mannose.22 The

relatively small peaks at 110.6, 110.1, 109.5 (C-1), 85.2

(C-4), and 64.3 (C-6) ppm are assigned to chemical shifts

of b-linked D-galactose.22 The data indicated that the

polysaccharides in wb-PCM0 were mainly (10/3)-a-D-

glucan, containing other sugar units such as b-linked D-

mannose and b-linked D-galactose. As comparing to wb-

PCM0, the 13C NMR spectra of wc-PCM0 were

different. The strong signals at 103.6, 99.6 (C-1?, C-1),

81.0 (C-2) and 62.5 (C-6) are assigned to a branched a-

D-mannopyranan,22 indicating that wc-PCM0 was

mainly comprised of a-D-mannose residues with branch-

ing, similar to the results shown in Table 1. These results

are in good agreement with IR and GC data, indicating

that wb-PCM0, wb-PCM1, wc-PCM0, and wc-PCM1

were heteropolysaccharides, and the glucan content

increased progressively along the fractionation scheme.

Chemical shift data for the 13C NMR spectra of the

samples wb-PCM3-I, wb-PCM4-II, wc-PCM3-I, and

wc-PCM3-II, together with data from literature are

given in Table 2. The results indicate that the principal

component of wb-PCM3-I and wc-PCM3-I was (10/3)-

a-D-glucan, and that of wb-PCM4-II and wc-PCM3-II
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Fig. 4. Zimm plots for wb-PCM0 in 0.5 M NaCl aqueous

solution (top) and for wb-PCM3-I in 0.25 M LiCl�/Me2SO

(bottom) at 30 8C.
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was (10/3)-b-D-glucan.23�25 The C-6s signal in the

wb-PCM4-II spectrum represents substituted C-6 of

branched (10/3)-b-D-glucan,26�28 indicating a branched

glucan. Interestingly, two kinds of a-glucan (PCM3-I)

and b-glucan (PCM3-II) co-existed in the 0.5 M NaOH

aqueous extract from wc-PCM, thus resembling the

polysaccharides isolated from the fruiting bodies of

Lentinus edodes ,20 in which two kinds of a- and (10/

3)-b-D-glucan co-existed in the extract with aqueous 5%

NaOH/0.05% NaBH4.

The signal at 175.4 ppm in the 13C NMR spectrum of

wc-PCM3-I was assigned to the �/CONH�/ group of

protein.29 There were no obvious chemical shifts of the

C atoms in the glucan, indicating that the (10/3)-a-D-

glucan was probably bound mainly with protein by non-

covalent bonding in the sample wc-PCM3-I. The 13C

NMR results supported the conclusion from Table 1,

namely that the polysaccharides cultured in corn media

contained relatively more protein. The intermolecular

interaction between the �/OH groups of glucan and �/

CONH�/ groups of protein resulted in 13C chemical shift

variation of the samples, wb-PCM3-I and wc-PCM3-I.

Intra- and inter-molecular hydrogen bonds exist in the

a-glucan of wb-PCM3-I, resulting in an ordered struc-

ture. The solubility of wb-PCM3-I was also significantly

lower than that of wc-PCM3-I, in which the protein

perturbed the ordered structure of the a-glucan. Thus,

the intra- and inter-molecular splitting interactions in

the a-glucan of wb-PCM3-I had an effect on the

chemical shift, shifting C-3 upfield (78.9 ppm), and the

C-2, C-4, C-5 peaks downfield, as compared with the

sample wc-PCM3-I. The chemical shift variations are

similar to that of lentinan in Me2SO and (3:7) Me2SO�/

water, in which order�/disorder conformation change

occurred.30 Therefore, the variations in culture media

significantly affected the chemical components and

structures of the polysaccharides from Poria cocos

mycelia.

3.2. Molecular mass and viscosity

Fig. 4 shows Zimm plots for wb-PCM0 and wb-PCM3-

I. Here K is the light scattering constant, Ru is the

reduced Rayleigh ratio at angle u , and c is polysacchar-

ide concentration. From of LLS, SEC-LLS and visco-
metry measurements, the weight-average molecular

mass Mw, root mean square radius of gyration �s2�1/2,

and intrinsic viscosity [h ] values of the polysaccharides

in 0.5 M NaCl aqueous solutions, Me2SO, and 0.25 M

LiCl�/Me2SO are summarized in Table 3. Generally, the

relatively higher [h ] and �s2�1/2 values found in wb-

PCM3-I, wc-PCM3-I, and wb-PCM4-II reflected a

relatively expanded chain of the polymer, such as the
(10/3)-a-D-glucan from Lentinus edodes.31

Based on the analysis of Mw and [h ], the molecules of

wb-PCM0, wb-PCM1, wc-PCM0, and wc-PCM1 exist

as random coils in aqueous NaCl. The relatively higher

[h ] indicated that the molecules of wb-PCM3-I existed

as a more expanded flexible chain in 0.25 M LiCl�/

Me2SO than that of the wc-PCM3-I. In general,

relatively higher values of [h ] and �s2�1/2 of a polymer
with same Mw reflect expanded chains. The relatively

lower value of [h ] for wc-PCM3-I suggested that the

protein included in the a-glucan results in a relatively

compact coil because of the globular protein conforma-

tion.32 The Mw values for the b-glucan in wb-PCM3-II

and wc-PCM3-II are 11.3�/104 and 8.9�/104, close to

the values of 16.8�/104 for the (10/3)-b-D-glucan from

the Poria cocos mycelia.33 The polysaccharides from
Poria cocos mycelia cultured in different media thus

have dissimilar chemical components, molecular

weights, and conformations.

Table 3

Experimental results from LLS and Viscosity for the polysaccharides from Poria cocos mycelia at 30 8C

Sample Solvent [h ] (cm3 g�1) MW�/10�4 (g mol�1) �s2�1/2 (nm)

wb-PCM0 0.5 M NaCl 9.6 14.4 33.6

wb-PCM1 0.5 M NaCl 14.1 33.3 a 42.3

wb-PCM2 0.5 M NaCl 27.8

wb-PCM3-I 0.25 M LiCl�/Me2SO 67.8 23.1 60.1

wb-PCM3-II Me2SO 17.0 11.3 a 28.4

wb-PCM4-I Me2SO 132.3 a 96.6

wb-PCM4-II Me2SO 88.6 121.1 a 119.5

wc-PCM0 0.2 M NaCl 9.4 9.2 20.7

wc-PCM1 0.2 M NaCl 13.7 26.2 a 38.0

wc-PCM2 0.2 M NaCl 62.4 89.2 a 38.1

wc-PCM3-I Me2SO 67.6 54.5 87.3

wc-PCM3-II Me2SO 12.5 8.9 39.0

a Data obtained from SEC-LLS.
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