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a  b  s  t  r  a  c  t

Intracellular  polysaccharides  (iPs)  were  separated  and  purified  from  Coriolus  versicolor  LH1 mycelia  and
characterized  for their  �-glucosidase  inhibitory  properties.  Three  iP  fractions  (iPL-F5-2-1,  iPL-F5-4-1,
and  iPL-F5-5-1)  were  extracted,  separated,  and  purified  from  LH1  mycelia  using  microwave  extraction
technology,  a DEAE-SepharoseTM CL-6B  column,  a Diaion® HP20  macroporous  adsorption  column,  and

TM
eywords:
oriolus versicolor LH1
ntracellular polysaccharides
-Glucosidase inhibitory properties
iaion® HP20 macroporous adsorption

a  Sephadex G-50  gel-permeation  column.  The  principal  constituents  of iPL-F5-2-1,  iPL-F5-4-1,  and
iPL-F5-5-1  were  saponins  and  polyphenoic  compound  mixtures.  The  enzyme  inhibition  activity,  IC50

values,  of  these  three  fractions  were 1.7,  1.8,  and  0.8  mg/mL,  respectively.  The �-glucosidase  inhibitory
properties  were  related  to the  presence  of  �-(1,4)  glycosidic  linkages  in  the  polysaccharide  structure  and
the total  relative  percentage  of  d-glucose  and  d-galactose  in  the  structure  of  polysaccharides,  other  than
triterpenoids.

© 2012 Elsevier Ltd. All rights reserved.
. Introduction

Diabetes mellitus is a common metabolic disease characterized
y high blood glucose levels. This is caused by insulin deficiency or
unctional disturbance of the receptors, which causes blood glucose
o rise and induce disorders in the metabolization of fats and pro-
eins. The number of patients with diabetes mellitus has increased
ith each year. According to the statistics from International Dia-

etes Federation (IDF), 6.0% of the world’s population had diabetes
n 2007. Because the number of patients is increasing every year,
he prevalence of diabetes is expected to reach 7.3% by the end of
025 (Mbanya, Gan, & Allgot, 2006). Thus, there is an urgent need
o create new medication for diabetes.

Prior to the incidence of diabetes mellitus, the patient experi-
nces high blood sugar; this can be divided into two  types, Impaired
lucose Tolerance (IGT) and Impaired Fasting Glucose (IFG). These

wo prediabetes symptoms are important risk factors for diabetes
nd cardiovascular disease. �-Glucosidase inhibitors have been
sed to reduce blood glucose by preventing the digestion of car-
ohydrates and are used in patients with IGT and diabetes (Geng,

in, Wu,  Fang, & Wang, 2011). Some enzyme-inhibitory medicines
ave been used in clinical practice; for example, Acarbose,

∗ Corresponding author. Tel.: +886 4 8511888x2296.
E-mail address: johnyangpw@yahoo.com.tw (J.P.-w. Yang).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.10.001
Voglibose, and Miglitol have been used effectively to treat type 2
diabetes mellitus (non-insulin dependent) and IGT.

There are three major ways to acquire �-glucosidase inhibitors:
extraction from natural animals, plants and microorganisms,
microorganisms’ metabolism and synthesis products (Wang &
Chang, 2009). Some edible mushrooms can be employed to produce
�-glucosidase inhibitors by extraction or fermentation. Accord-
ing to a number of studies, various edible mushroom extracts can
help develop immunity to diseases, inhibit tumors, provide antiox-
idants, stimulate free-radical scavenging activity, fight viruses,
inhibit diabetes, and lower blood lipid levels. These extracts are
used in health foods and in the development of natural medicines
(Lu, Li, Suo, & Li, 2010). Polysaccharides present in several edi-
ble mushrooms tend to lower blood sugar. Polysaccharides can be
present in fruiting bodies, mycelia, and culture media. They are
obtained in different forms, such as polysaccharopeptides (PSP),
polysaccharide-proteins, polysaccharide-triterpenoids, and in the
original polysaccharide form, through extraction, separation, and
purification (Wu,  Xiao, Yang, & Zhang, 2009; Yang, Hsu, Lin, Hsu, &
Chen, 2012).

Coriolus versicolor (syn. Trametes versicolor), is taxonomically
a member of the phylum Basidiomycota, order Polyporales, and
family Polyporaceae (Emberger, 2008). It can be used in medicines

and health food to treat diseases and to enhance body functions
(Ng, 1998). C. versicolor has notable antioxidant effects; can lower
blood sugar; and has been used in the treatment and prevention
of hepatitis B, tumor-related diseases such as cancer of the liver,

dx.doi.org/10.1016/j.carbpol.2012.10.001
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:johnyangpw@yahoo.com.tw
dx.doi.org/10.1016/j.carbpol.2012.10.001
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Folin–Ciocalteu reagent. After agitation, 1.25 mL  of 20% (w/v)
sodium carbonate (Na2CO3) solution was added. After 20 min
at laboratory temperature, the absorbance of the samples was
98 W.-k. Hsu et al. / Carbohydr

reast, and stomach, and certain immune-deficiency diseases (Li &
u, 1987; Qian, Xu, & Tang, 1997; Ren, Dai, & Li, 1993).

Recently, a new strain of C. versicolor named LH1 was  identi-
ed. It has been reported that the exopolysaccharopeptides (ePSP)

rom LH1 exhibit significant immunomodulatory activity; ePSP
ave proven to be safe in 28-day oral trials in mice (Lai et al., 2011;
in et al., 2008). Recently, we separated and analyzed extracellu-
ar polysaccharide (eP) fractions and reported that they possess
ignificant �-glucosidase inhibitory activity (Yang et al., 2012).
herefore, the objective of this study was to further investigate
he �-glucosidase inhibitory effects and chemical properties of LH1
ntracellular polysaccharides (iP) separated and purified from C.
ersicolor mycelia.

The Sevag method is commonly used to remove and separate
ree proteins, which exist in crude polysaccharide extracts. The
roteins are precipitated after repeated denaturation by vigorous
haking with a solution of octanol in chloroform (Chen, Zhong,
eng, & Ge, 2008; Chen et al., 2011; Wang, Chang, & Chen, 2009;
hang et al., 2009). However, we recently determined that the �-
lucosidase inhibitory activity of active fractions could be lost after
eparation by the Sevag method (Yang et al., 2012). To ensure that
he extract constituents were intact during analysis, an extrac-
ion procedure using physical processing methods was  designed.
iaion® HP20 macroporous adsorption resins were used instead
f the Sevag method to denature and remove free proteins during
he processing of crude iP extracts, which were then analyzed for
ctivity.

Saponins, which is a kind of glucoside that has aglycon combined
ith triterpenoids or spirostanol, are a class of naturally occurring,

econdary metabolites that are particularly abundant in various
lant species (Podolak, Galanty, & Sobolewska, 2010), but have
arely been reported in research on mushrooms (Lu et al., 2008).
his study investigated the potential �-glucosidase inhibitory
ctivity of extracts from C. versicolor LH1 mycelia. In addition, the
hemical compositions (monosaccharides, proteins, triterpenoids,
nd polyphenol compounds), molecular weights (MW),  and FTIR
pectra of the isolated iP-fractions were determined.

. Materials and methods

.1. Chemicals

The mycelia of C. versicolor LH1 were provided by Dr.
su Tai-Hao of Da-Yeh University, Changhua County, Taiwan.
-Nitrophenyl-�-d-glucopyranoside (�NPG), �-glucosidase (EC
.2.1.20, from baker’s yeast), 1-phenyl-3-methyl-5-pyrazolone
PMP), �-glucosidase, phosphate buffer, bovine serum albumin
BSA), glucose, rhamnose, arabinose, xylose, mannose, and galac-
ose were purchased from Sigma Chemical Co. (St. Louis, MO,
SA). Acarbose was obtained from Bayer Healthcare Company
td. (Germany). Krestin (PSK) was obtained from Kureha Co., Ltd.
Japan). DEAE-SepharoseTM CL-6B and SephadexTM G-50 medium
el were purchased from GE Healthcare (Sweden). Diaion® HP20
esins were purchased from Tai Young Chemical Co., Ltd. (Japan). All
ther chemicals were analytical-grade commercial preparations.

Analysis was performed using a spectrophotometer (Spec-
rophotometer U-3310, Hitachi, Japan). Isolation and purification
quipment included a high pressure pump (L-7100, Hitachi, Japan)
nd three empty chromatography columns (FG-38-40, FG-25.4-30,
nd FG-19-100, RAY-E Creative Co., Ltd., Taiwan).
.2. Cultivation of C. versicolor

The culture was maintained on potato dextrose agar (PDA)
lates at 25 ◦C. For seeding, mycelia were cultured in normal
lymers 92 (2013) 297– 306

medium (4.0% glucose, 0.15% peptone, 0.15% KH2PO4, and 0.15%
MgSO4·7H2O) in Erlenmeyer flasks at 25 ◦C on a rotary shaker at
150 rpm; 5-day-old cultures were used. Batch fermentation of C.
versicolor LH1 was  carried out in a 20 L fermenter (Biotop, Taiwan)
in normal culture medium. Fermentation was carried out at 25 ◦C,
pH 4.5–5.0, and 100 rpm for 7 days. After fermentation, the cell mass
and the medium were separated by centrifugation at 6000 rpm
(11,000 × g) for 30 min. The mycelia of C. versicolor LH1 were
lyophilized until further use.

2.3. Preparation and quantification of crude iP

2.3.1. Preparation of crude iP
The dried C. versicolor LH1 biomass was  extracted under opti-

mal  conditions using microwave extraction technology. Fifty grams
of C. versicolor LH1 biomass were extracted in 750 mL distilled
water. Extractions were performed at 90 ◦C for 15 min at 600 W.
After paper filtration crude polysaccharides were precipitated from
the filtrate with four volumes of 95% ethanol (EtOH) (4:1, v/v)
at 4 ◦C overnight. After precipitation, the supernatant and pre-
cipitate (crude iP) were separated by centrifugation at 6500 rpm
(11,000 × g) for 20 min. The entire crude iP sample was con-
centrated using an evaporator and freeze dried. The chemical
components and the �-glucosidase inhibitory effect of the crude
iP were analyzed.

2.3.2. Quantification of polysaccharides
Crude iP content was determined by measuring total sugars

using the phenol-sulfuric acid method (Dubois, Gilles, Hamilton,
Rebers, & Smith, 1956). The absorbance of total sugars was  read
after deduction of the blank and sample color.

2.3.3. Quantification of proteins
Proteins were quantified using the Biuret method (Ohnishi &

Barr, 1978). Biuret reagent (4.0 mL)  was  added to a tube containing
l.0 mL of sample proteins dissolved in distilled water. After incu-
bation at 37 ◦C for 30 min  the absorbance was  read at 540 nm after
deduction of the reagent blank. BSA was  used as the standard.

2.3.4. Quantification of triterpenoids
Total triterpenoids were quantified by a colorimetric method

using vanillin/glacial acetic acid (Fan & He, 2006). The contents of a
tube containing 1.0 mL  of test sample were evaporated in an oven to
remove the water solvent. The solid particles were retained for sub-
sequent analysis. Successive additions of 0.3 mL  5% vanillin/glacial
acetic acid (w/v) and 1.0 mL  perchloric acid solution were made
to each test sample. The reaction was  modified by incubating the
sample solution at 60 ◦C for 10 min prior to cooling on ice for 3 min.
The sample absorbance was measured at 548 nm after addition of
5.0 mL  glacial acetic acid. Ursolic acid was used as the standard.

2.3.5. Quantification of polyphenolic compounds
Total polyphenolic compounds were quantified by the colori-

metric method using Folin–Ciocalteu reagent (Lachman, Hosnedl,
Pivec, & Orsak, 1998); modified doses of a 0.05 mL  sample
were mixed with 2.25 mL  distilled water and 0.25 mL  of 2 N
measured on a spectrophotometer (Spectrophotometer U-3310,
Hitachi) at a wavelength of 765 nm after deduction of the blank and
sample color. The results were expressed as gallic acid equivalents
(GAE) in mg/mL  of dry matter.
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.4. Chromatographic fractionations of iP

Before chromatography, crude iP was dialyzed by membrane
MWCO  12–16 kDa) filtration to separate the small molecules of
rude intracellular polysaccharides (iPS) for a more accurate chro-
atogram during ion-exchanger fractionation. Then, the large
olecules of crude intracellular polysaccharide (iPL), inside the
embrane, were filtered through a 0.45 �m nylon membrane.

he filtrate (1.0 g, pH 4.26) was injected into a column of DEAE-
epharoseTM CL-6B (38 mm × 90 mm)  that was eluted with a
tepped gradient NaCl aqueous solution (from 0 to 0.6 M)  with
n increase of 0.1 M for each fraction and 1.0 M NaCl for the final
lution. For each tube, 10 mL  of eluate was collected by a fraction
ollector (Advantec SF-2100W, Japan). Absorbance at wavelength
90 nm was measured for detection of polysaccharides after using
he phenol–sulfuric acid method, and the ultraviolet absorbance at
80 nm was monitored for the aromatic group of proteins and the
henolic group of triterpenoids or polyphenols. The fractions were
urther tested to determine the �-glucosidase inhibitory effect.

.5. Analysis of ˛-glucosidase inhibitory activity

The method of Gaxiola et al. (2005) was used to analyze �-
lucosidase inhibitory activity in vitro, using �NPG as a substrate
nd modifying the dosage. The assay mixture (1.6 mL)  contained
.2 mL  of 0.1 M phosphate buffer (pH 7.0), 0.2 mL  of substrate solu-
ion (2.5 mM �NPG in 0.1 M phosphate buffer), 0.2 mL of enzyme
olution (0.2 U/mL �-glucosidase in 0.01 M phosphate buffer con-
aining 0.2% BSA), and the indicated concentration of each sample
Gaxiola et al., 2005). The reaction mixture was  incubated for
5 min  at 37 ◦C and the reaction was stopped by adding 0.8 mL
f 0.2 M Na2CO3. The amount of �NP released was measured on
pectrophotometer U-3310 (Hitachi) at 400 nm.

.6. Separation by HP20 macroporous adsorption resins

The fractions that showed maximum enzyme inhibition activ-
ty during DEAE SepharoseTM CL-6B column elution were desalted
sing a dialysis membrane (MWCO  12–16 kDa) and freeze-
ried. Before separation, the powder fraction was  dissolved in
istilled water (at a concentration of 10.0 mg/mL), and the sam-
le was filtered through a 0.45-�m nylon membrane. Next,
he filtrate (10.0 mL)  was applied to a Diaion® HP20 column
25.4 mm × 100 mm),  which was eluted with a stepped gradient
tOH aqueous solution (from 0% to 47.5%), with an increasing 1/10
oncentration of 95.0% EtOH for each fraction and 95.0% EtOH for
he final elution. The eluate was collected in fractions of 10 mL
or each tube using a fraction collector. The chemical components
nd the �-glucosidase inhibitory effects were monitored via the
bsorbance and were determined as described in Sections 2.3 and
.5, respectively.

.7. Purification by gel-permeation chromatography (GPC)

The fraction that showed the highest enzyme inhibition during
P20 macroporous adsorption column elution was  concentrated
sing an evaporator and then freeze-dried. Before purification, the
owder fraction was dissolved in 0.1 M Na2HPO4 buffer (pH 9.0, at

 concentration of 5.0 mg/mL), and the samples were filtered with
 0.45-�m nylon membrane. After that, the filtrate (1.0 mL)  was

pplied to a SephadexTM G-50 column (19 mm × 760 mm,  fraction-
tion range 1.5–30 kDa), which was eluted with a 0.1 M Na2HPO4
uffer (pH 9.0) at a 0.3 mL/min flow rate. The eluate was collected

n fractions of 9 mL  for each tube using a fraction collector.
lymers 92 (2013) 297– 306 299

2.8. Determination of molecular weight

The molecular weight of the polysaccharides was determined by
high-performance gel-filtration chromatography (HPGFC), which
was performed on a Jasco HPLC system with one PolySep-GFC-
P 3000 (300 mm × 7.8 mm),  a UV detector (Jasco UV-2075 Plus)
at 280 nm,  and an RI detector (Jasco RI-2031 Plus). The mobile
phase used was  a 0.1 M Na2HPO4 buffer (pH 9.0), and the flow
rate was 0.8 mL/min at 30 ◦C. The samples were dissolved in the
0.1 M Na2HPO4 buffer. The volume of sample (1.0 mg/mL) injected
was 20 �L. The molecular mass was estimated by reference to a
calibration curve made from a set of Dextran standards of known
molecular weight (50, 20, 10, and 5 kDa) and sucrose (342 Da).

2.9. Analysis of monosaccharide composition

Hydrolysis of polysaccharides to monosaccharides was  per-
formed according to the method of Lv et al. (2009);  modified doses
of 50 mg  of iPL-fractions were dissolved in 5.0 mL  of 3 M trifluo-
roacetic acid (TFA) in an ampoule (10 mL). The ampoules were
kept in an oven at 110 ◦C for 2 h to hydrolyze the polysaccha-
rides to monosaccharides. After cooling, the hydrolyzed sample
of the iPL-fraction was carried out with 1-phenyl-3-methyl-5-
pyrazolone (PMP) as a derivative. Derivation of PMP  was  also
carried out according to the method reported by Lv et al. (2009).
The hydrolyzed iPL-fraction was dried using an evaporator. Next,
the sample and the monosaccharide standards were dissolved in
0.3 M NaOH solution (pH 13.3) and prepared at a concentration
of 2.4 mg/mL; 10 mL of 0.5 M PMP  methanol solution was  added
to each 15 mL  of sample or standard NaOH solution. Each mix-
ture was allowed to react for 30 min  at 70 ◦C, then cooled to
room temperature and neutralized (pH 7.0) with 0.3 M HCl. The
resulting solutions were dried using an evaporator and then redis-
solved in 15 mL  distilled water. Finally, sample solutions were
extracted with 15 mL  of chloroform; the process was repeated
three times, then the aqueous layer was filtered through a 0.45-�m
membrane.

Analysis was performed using high performance liquid chro-
matography (HPLC) with an ODS-C18 column and a UV detector.
The following standard sugars were analyzed as references: rham-
nose, arabinose, xylose, mannose, glucose, and galactose. The
HPLC was operated according to Lin, Jia, Huang, and Wang (2006)
and performed using the following conditions: mobile phase
A:B = 78:22 (A: 0.1 M amino acetic acid buffer, B: acetonitrile);
flow rate: 1.0 mL/min; injection volume: 20 �L; UV detector: WL
235 nm;  column temperature: 30 ◦C.

2.10. Infrared spectral analysis

The IR spectrum of the purified fraction was determined using
a Fourier transform infrared spectrophotometer (FTIR-8400S, Shi-
madzu, Japan) equipped with Shimadzu IR solution 1.30 software.
The purified fraction was ground with KBr powder and then
pressed into pellets for FTIR measurement in the frequency range
of 4000–400 cm−1.

2.11. Statistical analysis

Results were expressed as mean ± standard deviations (SD) of
four replicated determinations. MINITAB® software (Minitab, Inc.,

USA) was  used for data analysis. Significant differences between
two means were determined by the least significant difference
(LSD) test at a 0.05 significance level. SD and error bars are shown
wherever necessary.
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Table 1
The activity (IC50) of �-glucosidase inhibition and the comparison of different components.

Processesb Sample name �-Glucosidase
inhibitione

Relative percentage comparison of different components (%)c

IC50 (mg/mL)a Polysaccharides Proteins Triterpenoids Polyphenols

Glucobay (Acarbose) 0.6 ± 0.0
Extraction Extract 12.7 ± 0.2 62.89 30.19 4.40 2.52

Precipitation and dialysis Krestin (PSK) 5.9 ± 0.0 51.81 43.52 2.07 2.59
iPL  19.6 ± 0.1 80.00 17.60 1.60 0.80
iPS 22.8 ± 1.2 65.36 30.07 3.27 1.31

DEAE-SepharoseTM CL-6B iPL-F1 N.D.d 100.00 N.D. 0.00 N.D.
iPL-F2 57.2 ± 1.4* 92.59 5.56 0.93 0.93
iPL-F3 4.4 ± 0.0* 48.31 42.51 3.38 5.80
iPL-F4 2.8 ± 0.0 31.65 56.65 5.06 6.65
iPL-F5 2.9 ± 0.0 25.51 57.40 6.38 10.71
iPL-F6 3.3 ± 0.0* 44.64 34.38 6.25 14.73
iPL-F7 4.1 ± 0.0* 81.30 8.94 4.07 5.69
iPL-F8 N.D. 84.03 N.D. 5.88 10.08

Diaion® HP20 resins iPL-F4-1 4.2 ± 0.0* 76.92 N.D. 10.77 12.31
iPL-F4-2 2.6 ± 0.0* 16.29 67.59 5.86 10.26
iPL-F4-3 2.8 ± 0.0* 16.67 64.50 7.00 11.83
iPL-F4-4 2.8 ± 0.0* 10.72 71.38 5.57 12.33
iPL-F4-5 2.3 ± 0.0* 37.59 47.74 12.03 2.63
iPL-F4-6 3.5 ± 0.0* 59.17 31.95 4.14 4.73
iPL-F4-7 1.2 ± 0.0 44.64 N.D. 51.79 3.57
iPL-F5-1 8.8 ± 0.0* 17.24 72.24 3.97 6.55
iPL-F5-2 1.7 ± 0.0* 24.27 44.17 9.71 21.84
iPL-F5-3 1.7 ± 0.0* 29.41 36.18 24.41 10.00
iPL-F5-4 1.6 ± 0.0* 18.35 48.62 9.17 23.85
iPL-F5-5 1.2 ± 0.0 48.31 N.D. 15.94 35.75
iPL-F5-6 1.4 ± 0.0* 80.65 N.D. 8.06 11.29
iPL-F5-7 3.3 ± 0.0* 35.71 N.D. 48.57 15.71

Sephadex G-50 iPL-F5-2-1 1.7 ± 0.0* 54.05 N.D. 15.68 30.27
iPL-F5-4-1 1.8 ± 0.0* 43.86 N.D. 24.12 32.02
iPL-F5-5-1 0.8 ± 0.0 45.25 N.D. 24.89 29.86

a IC50 is defined as the concentration of the solid of samples that resulted in 50% �-glucosidase inhibition. The results are the mean ± SD of four independent replicates
(n  = 4). Values of the fractions were analyzed by one-way analysis of variance (ANOVA) and least significant difference.

b Krestin (PSK), large intracellular crude polysaccharide molecules (iPL) and small intracellular crude polysaccharide molecules (iPS) were precipitated by 4 vol of 95%
ethanol  and then separated by a dialysis membrane (MWCO  12-14 kDa); iPL-F2 to iPL-F8 were NaCl-eluted fractions separated by a DEAE-SepharoseTM CL-6B column, but
iPL-F1  was  a water-eluted fraction; iPL-F4-2 to iPL-F4-7 and iPL-F5-2 to iPL-F5-7 were EtOH-eluted fractions separated by a HP20 column, but iPL-F4-1 and iPL-F5-1 were
water-eluted fractions.

c Based of the all analyzed chemical components.
d N.D. = not detectable.
e �-Glucosidase inhibition was  calculated as

1 − (absorbance of sample − absorbance of sample color) × 100%

T  at 40

3

3

h
t
t
5
t
1
c
p
h
p
e
i
t
a
a
t

(absorbance of reagent − absorbance of reagent color)

he assay mixture was  incubated for 15 min  at 37 ◦C, and absorbance was  measured
* P < 0.05 as compared with the same process group.

. Results and discussion

.1. Separation and fractionation of iPL

Before separation, many previous studies on polysaccharides
ave employed the Sevag method to denature the proteins, and
hen go on chromatography. To denature and remove free pro-
eins, 5 vol of Sevag reagent (chloroform and n-butyl alcohol in
:1 (v/v)) was added to the sample, and the precipitated pro-
eins were separated by centrifugation at 6500 rpm (11,000 × g) for
0 min. This was repeated four times when Sevag reagent layer was
lean. After separation by addition of the Sevag reagent, the sam-
les were dialyzed again by a membrane. However, this method
as been shown to change the chemical conformation of crude
olysaccharides with potential effects on their bioactivity. Yang
t al. (2012) demonstrated that the �-glucosidase inhibitory activ-
ty of ePS-F5 was  lost after treatment with the Sevag method. In

his study, physical methods were designed (two-stage separation
nd purification strategy) to replace the Sevag method and thus
void inactivation of �-glucosidase inhibitory activity. Analysis of
he iPL fractions revealed the presence of polysaccharides, proteins,
0 nm.  The values of 50% inhibitory concentration (IC50) are expressed as mean ± SD.

triterpenoids, and polyphenols (Table 1). Consequently, the separa-
tion techniques employed, namely ion-exchange chromatography
and HP20 macroporous adsorption chromatography, exploited the
different, intrinsic physical properties of proteins, triterpenoids,
and polyphenols. The fraction with the highest �-glucosidase
inhibitory activity was purified using a gel permeation chromatog-
raphy column.

The anion-exchange chromatography results for the iPL frac-
tions are shown in Fig. 1. Separation using a DEAE-SepharoseTM

CL-6B column yielded the following fractions: iPL-F1, iPL-F2, iPL-
F3, iPL-F4, iPL-F5, iPL-F6, iPL-F7, and iPL-F8 (the percentage of
each fraction recovered was  56.6, 29.4, 5.5, 2.4, 1.2, 1.1, 0.8, and
2.6, respectively, relative to the total amount of initial iPL). These
fractions were eluted using an increasing salt (NaCl) concentration
gradient (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, and 1.0 M),  respectively. Deter-
mination of �-glucosidase inhibition revealed that fractions iPL-F4
and iPL-F5 exhibited the highest inhibitory activity (Table 1). These

two fractions were purified further using a Diaion® HP20 column.

The results of the fractionation of iPL-F4 and iPL-F5 by Diaion®

HP20 column are shown in Fig. 2a and b, respectively. The frac-
tions, iPL-F4-1, iPL-F4-2, iPL-F4-3, iPL-F4-4, iPL-F4-5, iPL-F4-6, and
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Fig. 1. DEAE-SepharoseTM CL-6B anion-exchange column chromatogram of the crude iPS. The column was  eluted with water, NaCl (0.1–0.6 M),  and an NaCl (1 M) step
gradient at a flow rate of 1.0 mL/min.

Fig. 2. Diaion® HP20 macroporous adsorption resins column chromatogram of (a) iPL-F4 fraction and (b) iPL-F5 fraction. The column was eluted with water, EtOH (9.5–47.5%),
and  a 95% EtOH step gradient at a flow rate of 1.0 mL/min.
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PL-F4-7, were eluted using a water–EtOH gradient (9.5%, 19.0%,
8.5%, 38.0%, 47.5%, and 95.0%). The percentage of each fraction
ecovered was 38.3, 23.4, 7.3, 6.1, 3.5, 5.3, and 16.0, respectively,
n relation to the total amount of initial iPL-F4. Furthermore, iPL-
5-1, iPL-F5-2, iPL-F5-3, iPL-F5-4, iPL-F5-5, iPL-F5-6, and iPL-F5-7
ere obtained using the same elution conditions as for iPL-F4. The
ercentage of each fraction recovered was 42.7, 19.7, 7.1, 5.8, 3.4,
.2, and 18.1, respectively, in relation to the total amount of ini-
ial iPL-F5. These results revealed that iPL-F4-7 and iPL-5-7 were
mpure fractions and that iPL-F4-1 and iPL-F5-1 were the two most-
olar fractions. The fractions with the strongest polysaccharide
ignals were iPL-F4-1 and iPL-F5-1; the fractions with intermedi-
te strength signals were iPL-F4-2 and iPL-F5-2; the fractions with
eak polysaccharide signals were iPL-F4-3, iPL-F4-4, iPL-F4-5, iPL-

5-3, iPL-F5-4, and iPL-F5-5; the remaining fractions did not have
etectable polysaccharide signals.

.2. Enzyme inhibition activity of different polysaccharide
ractions

Polysaccharides exhibit varying levels of �-glucosidase inhibi-
ion. Consistent with this, the different polysaccharide fractions
eparated and purified from iPL showed a range of enzyme
nhibitory activities (Table 1).

Analysis of the enzyme inhibitory activity of the LH1 mycelia
xtract indicated that the crude iPL and iPs extracts had lower
nhibitory activity than those of Krestin (PSK) and Glucobay (Acar-
ose), but fractions iPL-F3 to iPL-F7 showed higher inhibitory
ctivity (IC50 value) than PSK. Analysis of �-glucosidase inhibition
evealed that iPL-F4-7, iPL-F5-6, and in particular, iPL-F5-5, dis-
layed higher inhibitory activity than the other fractions. However,

PL-F4-7 will not be discussed any further in this study because the
raction comprised a mixture of components.

The presence of proteins, triterpenoids, and polyphenols was
bserved in the samples during precipitation and fractionation.
riterpenoids have low polarity and are insoluble in water unless
ovalently bound with more polar substances (such as polysac-
harides) or electrovalently bound with proteins. The samples
ere purified and the iPL-F5-fractions were obtained because it
as a more anionic character with proteins, a less polar character
ith triterpenoids or polyphenols, and is more soluble in water
ith polysaccharides. Five, highly active, �-glucosidase-inhibiting

ractions (iPL-F5-2 to iPL-F5-6) were purified and analyzed by gel-
ermeation (SephadexTM G-50) chromatography.

The relationship between the chemical components of the
olysaccharide fractions and �-glucosidase inhibition was  inves-
igated (Table 1). The results from the separation by DEAE-
epharoseTM CL-6B demonstrated that an increase in the relative
ercentage of proteins resulted in higher �-glucosidase inhibitory
ctivity. For example, iPL-F4 and iPL-F5 contained a higher per-
entage of proteins than the other iPL-fractions (56.65% and 57.40%,
espectively, no significant difference between iPL-F4 and iPL-F5 by
ne-way ANOVA), and possessed higher �-glucosidase inhibitory
ctivity. Therefore, the �-glucosidase inhibitory activity was con-
idered to be associated with the proteins present in the iPL
ractions, but not with the triterpenoids or polyphenols. Thus, these
wo fractions were separated further using HP20 macroporous
dsorption resin columns to further investigate the relationship
etween the relative percentage of proteins in these polysaccharide
ractions and �-glucosidase inhibition.

Analysis of the fractions obtained from the HP20 macropo-
ous adsorption resin columns shows that significantly higher

evels of �-glucosidase inhibition are displayed by iPL-F4-7 and
PL-F5-2 to iPL-F5-6, which were separated, respectively, from
PL-F4 and iPL-F5 (Table 1). Of these, iPL-F4-7 and iPL-F5-5
howed maximum �-glucosidase inhibitory activity (there was  no
lymers 92 (2013) 297– 306

significant difference between the inhibitory activities of iPL-F4-
7 and iPL-F5-5 by one-way ANOVA) without proteins in iPL-F4-7
and iPL-F5-5 when compared with the other fractions of iPL-F4-
and iPL-F5-fractions. This result demonstrates that there is no
relation between the chemical components of the polysaccha-
rides and �-glucosidase inhibition. This observation led to the
proposal that the �-glucosidase inhibitory effect might be depend-
ent on polysaccharide structure. Thus, we continued to separate
the fractions containing higher inhibitory activity using gel per-
meation chromatography. Fraction iPL-F4-7 consisted of a mixture
of polysaccharides that proved difficult to purify and it was  not
investigated further in this study.

The results of separation by SephadexTM G-50 revealed that iPL-
F5-2-1, iPL-F5-4-1, and iPL-F5-5-1 comprised pure polysaccharides
whereas the iPL-F5-3 and iPL-F5-6 fractions contained a mixture
of polysaccharides. The latter two fractions were not investigated
further in this study (Fig. 3). The results of �-glucosidase inhibition
analysis demonstrate that iPL-F5-5-1 had the maximum enzyme
inhibitory activity (IC50 value); its activity approached that of Glu-
cobay (Table 1).

�-Glucosidase, one of the starch hydrolysis enzymes in our
intestine, can hydrolyze starch to glucose and then absorb glu-
cose into intestinal micromodules. This study demonstrated that
the iPL-F5-5-1 fraction extracted from C. versicolor LH1 mycelia can
strongly inhibit �-glucosidase. Therefore, iPL-F5-5-1 could poten-
tially play an active role during the postprandial phase of diabetes.

3.3. Molecular mass

On the basis of calibration with standard dextrans, the
apparent molecular weights of the polysaccharides (iPL-F5-2-1,
iPL-F5-4-1, and iPL-F5-5-1) were 9.2 ± 0.1 kDa, 11.3 ± 0.4 kDa, and
14.6 ± 0.1 kDa, respectively. Compared to the polysaccharides PSK-
Pro (MW  150 kDa) (Hamanaka et al., 2011), CVE (from C. versicolor
fruiting bodies, MW 500 kDa) (Zhang, Han, & Pan, 2001), and PSP
(MW  100 kDa) (Chan & Yeung, 2006), the three polysaccharides
extracted from LH1 mycelia had smaller molecular masses but were
larger than the extracellular polysaccharides obtained from LH1-
submerged fermentation culture [ePS-F2-1 (MW  1.6 kDa), ePS-F3-1
(MW  3.4 kDa), and ePS-F4-1 (MW  5.0 kDa)] (Yang et al., 2012).

The bioactivity of mushroom polysaccharides can be classified
into three groups: (a) antidiabetic activity, with a molecular mass
between 3 and 5 kDa; (b) anti-inflammatory activity, with a molec-
ular mass between 10 and 100 kDa; (c) anti-tumor activity, with a
molecular mass over 30 kDa (Wang, Chen, & Hua, 1998). According
to this classification and the analysis of �-glucosidase inhibition,
iPL-F5-2-1, iPL-F5-4-1, and iPL-F5-5-1, show antidiabetic activity
but may  also have the potential to reduce inflammation.

3.4. Monosaccharide analysis

The sugar content of the polysaccharides was  determined
using a PMP-derivation method to hydrolyze the polysaccha-
rides (Lv et al., 2009). After hydrolysis with 3 M TFA, three types
of polysaccharide were derived by PMP  and then detected by
HPLC analysis. iPL-F5-2-1 comprised d-mannose, l-rhamnose, d-
glucose, d-galactose, d-arabinose, and d-xylose (Table 2). The
relative percentages estimated by HPLC were 21.76%, 6.48%, 32.87%,
25.46%, 8.80%, and 4.63%, respective. Fraction iPL-F5-4-1 comprised
d-mannose, d-glucose, d-arabinose, and d-xylose. The relative
percentages were 11.82%, 57.27%, 21.82%, and 9.09%, respective.
Fraction iPL-F5-5-1 comprised d-mannose, d-glucose, d-galactose,

and d-arabinose. The relative percentages were 7.09%, 37.59%,
41.13%, and 14.18%, respective. The sugar series of these three
polysaccharides differ from the sugar series reported by Lin et al.
(2008) and Yang et al. (2012),  as shown in Table 2. The relationship
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Fig. 3. (a) iPL-F5-2, (b) iPL-F5-3, (c) iPL-F5-4 (d) iPL-F5-5 and (e) iPL-F5-6 profile on SephadexTM G-50. The column was eluted with 0.1 M Na2HPO4 (pH 9.0) at a flow rate of
0.3  mL/min.
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Table 2
Sugar composition of polysaccharide fractions.

Samples Relative percentage (%)b Reference

Man  Rha Glc Gal Ara Xyl

iPL-F5-2-1 21.76 6.48 32.87 25.46 8.80 4.63 In this study
iPL-F5-4-1 11.82 N.D. 57.27 N.D. 21.82 9.09 In this study
iPL-F5-5-1 7.09 N.D. 37.59 41.13 14.18 N.D. In this study
ePS-F2-1 18.75 26.04 26.04 18.75 10.42 N.D. Yang et al. (2012)
ePS-F3-1 11.17 5.08 35.03 36.04 N.D. 12.69 Yang et al. (2012)
ePS-F4-1 28.00 N.D. 39.00 23.00 N.D. 10.00 Yang et al. (2012)
ePSP-Cva 8.18 N.A. 82.19 8.72 N.D. 0.90 Lin et al. (2008)
ePSP-LBEa 1.90 N.A. 80.08 9.30 N.D. 8.73 Lin et al. (2008)
PSP-Lbb N.D. N.A. 49.15 17.17 32.38 1.30 Lin et al. (2008)

N.D. = not detected; N.A. = not analyzed.

b
�
o
p
�
1
d
c
7
a
o

a ePSP-Cv, ePSP-LBE, and PSP-Lb are the crude polysaccharides.
b Based of the all analyzed monosaccharides.

etween the monosaccharide and polysaccharide fractions and
-glucosidase inhibition was investigated (Table 2). The results
f SephadexTM G-50 separation showed that the total relative
ercentage of d-glucose and d-galactose linearly correlated with
-glucosidase inhibitory activity. For example, iPL-F5-2-1 (IC50
.7 mg/mL; 58.33%: total relative percentage of d-glucose and
-galactose), iPL-F5-4-1 (IC50 1.8 mg/mL; 57.27%: total relative per-

entage of d-glucose and d-galactose), iPL-F5-5-1 (IC50 0.8 mg/mL;
8.72%: total relative percentage of d-glucose and d-galactose),
nd ePS-F4-1 (IC50 1.0 mg/mL; 62.00%: total relative percentage
f d-glucose and d-galactose) (Yang et al., 2012) contained high,

Fig. 4. FTIR spectrum of
total relative percentages of d-glucose and d-galactose and also
possessed greater �-glucosidase inhibitory activity.

3.5. Infrared spectral analysis

The infrared (IR) spectra of the purified iPL-F5-2-1, iPL-F5-
4-1, and iPL-F5-5-1 fractions were found to be similar (Fig. 4);

the spectra were recorded at absorbances ranging from 4000 to
400 cm−1. The band between 3400 cm−1 and 3300 cm−1 represents
the stretching vibration of O H bonds in constituent sugar residues.
The band between 3250 cm−1 and 3100 cm−1 is associated with

 iPL-F5-fractions.
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he stretching vibration of C H bonds. The characteristic absorp-
ion band that appeared between 1700 cm−1 and 1600 cm−1 was
ssigned to the stretching of C O bonds of iPL-F5-2-1, iPL-F5-4-
, and iPL-F5-5-1 (Sun, Fang, Goodwin, Lawther, & Bolton, 1998),
hereas the band between 1450 cm−1 and 1400 cm−1 is associated
ith the stretching vibration of C O bonds (Yang et al., 2008). The
rominent band between 1035 cm−1 and 1100 cm−1 is representa-
ive of C O C and C O H bonds. The absorption bands between
35 cm−1 and 900 cm−1 in the FTIR spectra may  be associated with
-glycosidic linkages between the sugar units (Yang et al., 2008).
he absorption bands at 1151 cm−l in the FTIR spectra may  corre-
pond to the antisymmetric �-(1,4) glycosidic linkages stretching
etween the sugar units (Sekkal, Dincq, Legrand, & Huvenne,
995). This absorption bands shows correlated on the structure of
olysaccharide-triterpenoids with their glycosidic bonds [�-(1,4)
lucosidic linkages] for �-glucosidase inhibition.

Acarbose is the competitive type of �-glucosidase inhibition
n Baker’s yeast �-glucosidase (Kim et al., 1999). It is a pseu-
otetrasaccharide consisting of an unsaturated cyclitol unit linked
-1,4 to 4-amino-4,6-dideoxy-d-glucopyranose that is attached �-
,4 to maltose (Kim et al., 1999). Owing to the �-glucosidase acting
pon the �-1,4-glucosidic linkages (Lee, He, & Withers, 2001), the
echanism of �-glucosidase inhibition analysis of Acarbose is to

ompete for the activity seat of �-glucosidase with �-nitrophenyl-
-d-glucopyranoside (PNPG) (Guo, Jiang, Lv, & Wang, 2010; Lee
t al., 2001). For the aforementioned reason, it suggested that the
accharides chain which is presented �-1,4-glucosidic linkages is
o compete the activity seat of �-glucosidase with PNPG in the

echanism of �-glucosidase inhibition. Therefore, the correlation
etween the structure of polysaccharide triterpenoids and their

nhibitory ability might result from the �-1,4-glucosidic linkages in
he polysaccharides (iPL-F5-2-1, iPL-F5-4-1, and iPL-F5-5-1), which

ight confer a competitive type of �-glucosidase inhibition.
IR absorption spectra were obtained for the three polysac-

harides (iPL-F5-2-1, iPL-F5-4-1, and iPL-F5-5-1). Compared to
he spectrum of the ursolic acid standard (Yang et al., 2012),
he polysaccharides in this study showed stronger absorption
ands between 1800 cm−1 and 1700 cm−1. The absorption bands
etween 1700 cm−1 and 1600 cm−1, 1550 cm−1 and 1450 cm−1,
nd 2450 cm−1 and 2300 cm−1 are typical of triterpenoids (Yang
t al., 2012). The presence of bands between 3356 cm−1 and
361 cm−1 indicate the presence of saponins, with characteristic
verlap of O H and N H bond stretching (Liu et al., 2011). The
trong absorption bands between 1600 cm−1 and 1500 cm−1 may
ndicate of the presence of saponins (glycyrrhizinate) (Suo, Sun, &

ang, 2010).
Because of their physical characteristics, triterpenoids are insol-

ble in water. However, we had discovered that triterpenoids were
oluble in the water (liquor samples). We  consider that the triter-
enoids, polyphenol compounds, and polysaccharides are bound to
ach other, and thus the triterpenoids can be dissolved in the water
xtract. After purification on a SephadexTM G-50 column, the pro-
eins in iPL-F5-2-1 and iPL-F5-4-1 were removed and the residual
riterpenoids and polyphenol compounds were bound to polysac-
harides. As shown in previous studies, saponin may  be present in
he PSK samples (Yang et al., 2012), iPL-fractions, iPL-F4-fractions,
nd iPL-F5-fractions. This indicates that iPL-F5-2-1, iPL-F5-4-1, and
PL-F5-5-1 are saponins. The above results are consistent with the
pectrophotometric analysis.

. Conclusions
In this work, three polysaccharide fractions (iPL-F5-2-1, iPL-
5-4-1, and iPL-F5-5-1) that demonstrated strong �-glucosidase
nhibition (iPL-F5-5-1 shows the strongest activity) were separated
lymers 92 (2013) 297– 306 305

and purified from an extract of C. versicolor LH1 mycelia using
a DEAE-SepharoseTM CL-6B anion-exchange column, a Diaion®

HP20 macroporous adsorption column, and a SephadexTM G-50
column. Results from spectrophotometric analysis and infrared
spectra analysis indicated that iPL-F5-2-1, iPL-F5-4-1, and iPL-
F5-5-1 contained polysaccharides, triterpenoids, and polyphenol
compounds, and are therefore considered to be saponins; polysac-
charides are a component of saponins. The MW of iPL-F5-2-1
was 9.2 ± 0.1 kDa, and its monosaccharide complement consisted
of d-mannose, l-rhamnose, d-glucose, d-galactose, d-xylose, and
d-arabinose. The MW of iPL-F5-4-1 was 11.3 ± 0.4 kDa, and its
monosaccharide complement consisted of d-mannose, d-glucose,
d-xylose, and d-arabinose. The molecular weight of iPL-F5-5-1 was
14.6 ± 0.1 kDa, and its monosaccharide complement consisted of d-
mannose, d-glucose, d-galactose, and d-arabinose. According to IR
spectra analysis and chemical characterization, iPL-F5-2-1, iPL-F5-
4-1, and iPL-F5-5-1 are saponins.

The purified saponin fraction (iPL-F5-5-1) exhibited the
strongest �-glucosidase inhibition, and had a higher inhibitory
activity than PSK, the crude iPL extract, or the other isolated
fractions; its activity approached that of Glucobay. Moreover,
after analyzing the relationship between the monosaccharides of
the polysaccharide fractions and �-glucosidase inhibition after
SephadexTM G-50 separation and FTIR spectral analysis, it was
concluded that �-(1,4) glycosidic linkages and the total relative per-
centages of d-glucose and d-galactose are the important factors in
�-glucosidase inhibition.

In this study, we used a physical method (two-stage separation
and purification strategy) instead of the Sevag method to obtain
purified polysaccharides from the extracts of C. versicolor LH1
mycelia. Throughout the experimental procedures, we  success-
fully used the chemical properties of proteins, triterpenoids, and
polyphenol compounds to permit fractionation by ion-exchange
and macroporous adsorption resin chromatography. The principal
findings are that the glycosidic bonds (�-1,4-glucosidic link-
ages) and the total percentages of d-glucose and d-galactose in
the polysaccharides have significant linear correlations with �-
glucosidase inhibitory activity. In conclusion, our research suggests
that the two-stage separation and purification strategy for polysac-
charides from C. versicolor LH1 mycelia can substitute for the Sevag
method. Furthermore, the iPL fractions have potential to treat dia-
betes because of their �-glucosidase inhibitory activity.
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