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ABSTRACT

Five water-soluble heteropolysaccharides designated GL-I to GL-V, were isolated from the cultured fruit
body of Ganoderma lucidum. Using a range of techniques the samples are shown to be heteropolysaccha-
rides, mainly composed of glucose, galactose, mannose, arabinose with the relatively low weight-average
molecular weights of 6.1 x 10* to 18.4 x 10. The amount of uronic acid present is low. As successive
isolations proceed to give GL-I to GL-V, the content of glucan increased, the content of galactan and
mannan decreased, and the branching decreased from high to near linear. GL-I is most branched of the
heteropolysaccharides with a 27.0% degree of branching, whereas GL-V is mainly a linear glucan. Due
to their branched chains samples GL-I to GL-III are in a compact coil conformation in 0.9% NaCl at 25°C,
whereas GL-V has a slightly flexible chain. Atomic force microscopy images confirmed the spherical shape

Structure of samples GL-I to GL-III in water.

Anti-tumor activities
Degree of branching

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Ganoderma lucidum (Leyss, ex Fr.) Karst (Gl), a therapeutic
fungal bio-factory, is named Lingzhi in China, and is used in tradi-
tional Chinese medicine and in Asian countries to promote health
and longevity (Paterson, 2006). The earliest record of Lingzhi
is in “Shen Nong’s Materia Medica” (Shen Nong Ben Cao Jing),
from the Han Dynasty of China about two thousands years ago.
G. lucidum has been used to treat various human diseases such
as hypertension, bronchitis, arthritis, neurasthenia, hepatopathy,
chronic hepatitis, nephritis, gastric ulcer, tumorigenic diseases,
hypercholesterolemia, immunological disorders, and scleroderma
(Arisawa, 1986; El-Mekkawy, Meselhy, Nakamura, & Kakiuchi
1998; Kim, 2000; Su, Shiao, & Wang, 2000; Wasser, 1999; Yang,
Ke, & Kuo, 2000; Yen & Wu, 1999). Polysaccharides isolated from
natural plants have been regarded as an important class of biologi-
cal response modifiers (Wasser, 2002; Yang, Zhao, & Lv, 2007). The
polysaccharide from G. lucidum mycelium has been shown to have
potential biological effect on the immune system and cancer cells
(Park, Lai, & Kim, 2004). These polysaccharides stimulate the prolif-
eration of T lymphocytes and the humoral immune function; inhibit
tumor growth and metastasis without any side effects on normal
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cells(Wang, Hsu, Tzeng, & Ho, 1997). Its medicinal effects on cancer,
hypertension, hepatitis and hypercholesterolemia have also been
studied (Baea, Janga, Yimb, & Jinc, 2005; Cao & Lin, 2006; Mizuno,
Ito, Mayuzmi, Okamoto, & Li, 1994; Sun, He, & Xie, 2004; Zhang &
Lin, 1999). The indication is that the polysaccharides can signifi-
cantly inhibit the growth of locally implanted sarcoma, melanoma,
and colon cancer (Lavia, Friesemb, Gereshc, Hadarb, & Schwartz,
2006; Ohta et al., 2007; Tommonaro et al., 2007). Polysaccharides
from Cordyceps militaris, Passiflora liguralis, Gynostemma pentaphyl-
lum Makino, Camellia sinensis also possess bioactivities such as
anti-oxidative effects, immunostimulatory activity and antivirus
activity (Liu, Yuan, Chung, & Chen, 2002; Monobe, Ema, Kato, &
Maeda-Yamanoto 2008; Pugh, Ross, ElSohly, & Pasco, 2001; Yang,
Zhao, Yang, & Ruan, 2008). More attention has been recently given
to therelationship between polysaccharide structure and biological
activity. Polysaccharides from G. lucidum mycelium have been stud-
ied in our laboratory and also heteropolysaccharides from spores
(Chen, Zhang, Yu, & Zhu, 2000). But there is very little informa-
tion about the structure of polysaccharides from the natural fruit
body of G. lucidum. In this work, we have isolated five water-soluble
polysaccharides from the untreated natural fruit body of G. lucidum
using 0.9% sodium chloride aqueous solution and 1M sodium
hydroxide. The chemical structures were determined by FT-IR, ele-
mentary analysis, gas chromatography, gas chromatography/mass
spectrometry and 13C NMR. The molecular mass, and chain stiffness
were determined using laser light scattering (LLS), size exclu-
sion chromatograph (SEC-LLS) and viscometry. The results provide
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Fig. 1. Photographs of the fruit body of G. lucidum.

information about the chain conformation and branched structure
of these heteropolysaccharides.

2. Experimental
2.1. Preparation of polysaccharides

Cultured G. lucidum fruit body (Fig. 1) was a gift from Longyan
Colledge of Wuping (Fujian, China). It was dried and powdered.
Scheme 1 shows the procedure for isolation of the water-soluble
polysaccharides. The powdered fruit body was defatted with ethyl
acetate for 8 h, followed by acetone extraction for 8 h. The residue
was immersed in 0.9% aqueous sodium chloride at 25 °C and stirred
for 24 h. The process was repeated 3 times. Subsequently, the mix-
ture was centrifuged and the supernatant retained, from which the
free protein was removed using the Sevag method (Staub, 1965)

Fruit Body of Ganoderma Lucidum

Defatted and immersed in 0.9% NaCl
aqueous solution, 25°C, 24h

Extract Residue
l l 0.9%NaC1,90C,  24h

GL-I

Exiract Residue
Distilled water in autoclave for 30min
GL-II
Extract Residue

l 1M NaGH, 30°C, 8h
GLI i

N
HAc Residue
IMNaOH, 60°C, 8h
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Solution Precipitant

GL-IV GLIvi [HAc

Solution Precipitant

GL-V GL-V-I

Scheme 1. Isolation procedure of polysaccharides from the fruit body of G. lucidum.

several times. After decolorizing using 30% H,0; at 40 °C, the super-
natant was dialyzed using a regenerated cellulose tube (M,, cut-off
8000, Union Carbide USA) against tap water for 7 days and dis-
tilled water for 3 days. The resulting solution was concentrated by
rotary evaporator at 44 °C under reduced pressure and lyophilized
(CHRIST Alpha 1-2, Germany) to give a colorless sample designated
GL-I. This process was repeated at 90 °C to isolate the sample, coded
GL-II. The sample designated GL-III was obtained by subjecting
the solid residue in an autoclave with distilled water for 30 min.
After isolating GL-III, the resultant residue was treated successively
with 1 M sodium hydroxide at 30 °C and 60 °C. The resulting super-
natants were neutralized with 1M acetic acid to precipitate the
polysaccharides, which were coded GL-IV and GL-V, respectively.
The samples were purified with distilled water (5 times) and then
lyophilized to give a colorless powder. This powder was dissolved
in distilled water and centrifuged to give a supernatant, which was
successively dialyzed and lyophilized to get pure GL-IV and GL-V.

2.2. Characterization

Infrared spectra of the samples were recorded with Nicolet
Fourier transform infrared (FTIR) spectrometer (Spectrum One,
Thermo Nicolet Co., Madison, WI, USA) in the range 4000-400 cm~!
using the KBr disk method. Gas chromatography (GC) of alditol
acetates derivatives of the samples were performed as described by
Yasuyuki, Kiyokazu, Mitsuyoshi, and Tohru (1987). GC analysis was
carried out with an Agilent 6820 gas chromatograph system (Agi-
lent, Palo Alto, CA, USA) equipped with a flame ionization detector
using a DB-5MS capillary column (30 m x 0.32 mm x 0.25 wm) pro-
grammed from 180°C to 220°C at 4°C/min and held at 220°C for
30 min. The injection volume was 3 pLL, the carrier gas was helium.
The contents of glucuronic acid in the samples were measured
by the sulfuric acid-carbazole colorimetry method and the total
sugar contents were determined by phenol-sulphuric acid method
(Dubois, 1956). High resolution '3C NMR was recorded with a Mer-
cury 600 NMR spectrometer (Varian Inc., Palo Alto, CA, USA) atroom
temperature. The concentrations of the samples were adjusted to
100 mg/mL, and 99.96% D,0 were used as solvent. The protein con-
tents were analyzed by amino acid auto-analyzer (HitachiL 8880)
and confirmed by calculating from the content of N (EA, Heraeus
Co., Hanau, Germany).

Gas chromatography-mass spectrometry (GC/MS) was carried
outaccording to John, Kim, Reuhs, Raymond, and Rasappa (2006) on
a GCT system (Macro-Mass, Waters, USA) with a capillary GC col-
umn (HP-5MS, 30 m x 0.32 mm ID x 0.25 pm, Agilent, USA) using
He as carrier gas. The oven temperature was set to increase from
180°C to 220°C at a rate of 4°C/min and the detector temper-
ature was set at 250°C. The polysaccharide samples were first
methylated by CHsl, and then extracted with CHCl3. These extracts
were washed with distilled water to remove the unmethylated
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water-soluble polysaccharide. The methylated polysaccharide was
hydrolyzed in 12 M H,SO4 at 20°C for 1 h, followed by 2 M H,S04
at90°C for 2 h, and then acetylated with acetic anhydride (Ac,0) in
pyridine at 90 °C for 3 h. The samples were directly hydrolyzed and
acetylated. The standard monosaccharides were also acetylated.

2.3. Intrinsic viscosity measurement

The intrinsic viscosities ([7]) of the polysaccharides in 0.9% NaCl
aqueous solution were measured at 25+ 0.02°C using an Ubbe-
lohde capillary viscometer. Huggins and Kraemer equations were
used to estimate the [n] values by extrapolation to infinite dilution
as follows (Huggins, 1942; Kraemer, 1938):

Ms / 2
19 _ (] +KInPC M
R0) _ ) - pinfe @)

where k' and B are constants for a given polymer under certain
conditions in a given solvent, nsp/c is the reduced specific viscosity,
and (In n;)/c is the inherent viscosity.

2.4. Laser light scattering measurements

Weight average molecular mass (M) and radius of gyration
((§2)1/2) of the polysaccharides in 0.9% NaCl aqueous solution were
determined with a multi-angle laser light scattering instrument
equipped with a He-Ne laser (MALLS, A =633 nm; DAWN-DSP,
Wyatt Technology Co., Santa Barbara, CA) in various angles. The
basic light scattering equation is as

Kc 1 1672(S%) . 5, (0
Rg_l\/lw<1+3)»251n 5 +2A5¢c+ ... (3)

where K is an optical constant equal to [4m2n2(dn/dc)?]/(A%N,),
is the polymer concentration in mg/mL, Ry is the Rayleigh ratio, A
is the wavelength, n is the refractive index of the solvent, dn/dc
is the refractive index increment, N4 is Avogadro’ number, and
A, is the second virial coefficient. The polysaccharide solution
with desired concentrations was prepared, and optical clarifica-
tion of the polysaccharide solutions of desired concentrations was
achieved by filtration through a 0.2 wm pore size filter (PTFE,
Puradisc 13 mm Syringe Filters, Whatman, Kent, U.K.) into the scat-
tering cell. The refractive index increment (dn/dc) was measured
with a double-beam differential refract meter (DRM-1020, Otsuka
Electronics Co., Tokushima, Japan) at a wavelength of 633 nm at
in NaCl solution 25°C. The dn/dc values at 633 nm obtained were
0.149cm3/g, 0.145cm3/g, 0.141 cm3/g, 0.140cm3/g, 0.144cm3/g
for GL-I, GL-II, GL-III, GL-IV and GL-V samples, 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 using the
multi-angle laser photometer combined with a P100 pump
equipped with TSK-GEL G4000PWXL column (7.8 mm x 300 mm)
and differential refractive index detector (RI-150) at 25 °C. The elu-
ent was 0.9% NaCl aqueous solution at a flow rate of 1.0 mL/min.
Optical clarification of the solutions was achieved by filtration
through 0.2 pm pore size filter (PTFE, Puradisc 13 mm Syringe Fil-
ters, Whatman, Kent, U.K.). Astra software was utilized for data
acquisition and analysis.

GL-I

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Fig. 2. IR spectra of water soluble polysaccharides from the fruit body of G. lucidum.

2.6. Characterization using atomic force microscopy (AFM)

Samples were dissolved at approximately 1 mg/mL in water
by energetic stirring for 24 h, then diluted with distilled water
to a polymer concentration of 20 pg/mL, then filtered through a
0.45 pm filter (NYL, 13 mm Syringe filter, Whatman, Inc., USA). A
10 pL drop was deposited on to freshly cleaved mica and left to
dry in air for 1.5h at room temperature in a small covered Petri
dish prior to imaging with magnetically AC (MAC) mode AFM.
The specimen was examined using a Picoscan atomic force micro-
scope (Molecular Imaging, USA) in a MAC mode with commercial
MAClever II tips (Molecular Imaging, USA), with a spring constant
of 0.95 N/m. A piezoelectric scanner with a range up to 6 um was
used for the image. The scanner was calibrated in the x-y direc-
tions using a 10 wm diffraction grating and in the z direction using
several conventional height standards. The measurement was per-
formed in air at ambient pressure and humidity and the image was
stored as 256 x 256 point arrays.

3. Results and discussion
3.1. Chemical structure

The FTIR spectra of polysaccharides GL-I to GL-V are shown in
Fig. 2. All of the samples had the characteristic absorption peaks
of polysaccharides at near 1650, 1400 and 1250 cm~!. The peaks
at 810cm~! and 920cm~! for GL-I were assigned to mannose and
a-D-glucans, respectively. GL-1I, GL-III, GL-IV and GL-V had peaks
at 890 cm~!, the characteristic band of B-bp-glucans (Wang, Zhang,
Li, Hou, & Zeng, 2004). The sugar components and the yield and
protein content of the samples are listed in Table 1. The total water
soluble polysaccharide yield was 1.32%, which was higher than the
yield reported previous (Chen et al., 2000). The protein content is
comparable for the two methods used. The Sevag method needed
to be repeated several times to ensure complete removal of free
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Table 1
Monosaccharides and protein content of polysaccharide from G. lucidum.

Sample Monosaccharide relative content in polysaccharide (%) Protein (%) Glucuronic acid (%) Yield (%) Water solubility
Ful Ara Xyl Man Glu Gala Amino acid Element
auto-analyzer analyzer
GL-1 - 104 0.8 12.2 24.7 52.0 14.6 15.1 0.765 0.17 ++
GL-1I - 3.8 - 6.7 81.2 8.3 5.7 5.8 1.676 0.14 ++
GL-1II - 3.2 3.2 4.4 82.7 6.5 3.6 3.7 1.447 0.12 ++
GL-IV - 6.1 - 5.6 88.4 0.9 - - 1.123 0.24 +
GL-V - 3.1 1.5 24 92.2 - - - 1.309 0.65 +

++: easily dissolved in 0.9% sodium chloride aqueous solution. +: dissolved in 0.9% sodium chloride aqueous solution.

protein. Thus, it can be concluded that the protein remained in GL-I,
GL-II, GL-IlTis bound. No residual protein was found in the GL-IV and
GL-V samples, probably due to the strong alkaline conditions used.
Clearly, as the separation progressed, the relative content of both
galactose and mannose in polysaccharides decreased from 52.0%
to 0.9% and 12.2% to 2.4% respectively. Moreover, no trace of galac-
tose was found in the GL-V sample. Arabinose also decreased as the
extraction progressed (Table 1). In contrast, the relative content of
glucose increased markedly from 24.7% to 92.2%, shown also by the
results from IR. The total sugar and glucuronic acid contents are also
shown in Table 1. The amount of glucuronic acid in GL-I to GL-V is
small.

Fig. 3 shows the total ion current (TIC) chromatograms of
GC/MS from methylation analyses of the five polysaccharides.
The relatively intense peak at retention time 13.8 min for GL-
I was 1,4,6-galactan, indicating the branched structure of GL-L.
The most intense peaks at retention time 13.8min for GL-II
to GL-V were assigned to 2,4,6-tri-O-methyl-p-glucose, indicat-
ing a (1 — 3)-glucan linkage. Peaks at 12.9 min were assigned to

GL-V

GL-1V
GL-III

GL-II

GL-I

10.0 11.0 12,0 13.0 140 150 16.0
Time (min)

Fig. 3. GC/MS TIC chromatograms of the methylation analyses for polysaccharides.

2,4,6-tri-O-methyl-p-man, indicating a (1 — 3)-mannan linkage.
The peak at 13.6min was assigned to 1,5-di-O-acetyl-2,3,4,6-
tetra-O-methyl-D-glucitol, indicating a 1-glucan terminal residue.
The less intense peaks indicated that there were additional
1,4,6-glucan, (1 — 3)-galactan, (1 — 6)-galactan, (1 — 4)-grabinan,
(1 — 3)-mannan, and/or (1 — 4)-xylan linkages in the polysaccha-
rides.

The results show that GL-I is a branched (1 — 4)-galactan het-
eropolysaccharide whereas GL-II to GL-V are mainly composed of
(1 — 3)-glucan as the main chain and contain arabinose, galactose
and mannose. The position of the branch position in GL-I is at 0-6 as
shown by the presence of 1,4,6-galactan linkages. Thus, the main
chain of GL-I is (1 — 4)-galactan with the branch linkage chains
at 0-6 position. The molar ratios of glucose determined by GC/MS
were in good agreement with the results obtained from GC. The
degree of branch (DB) can be calculated from the equation of Tao,
Yan, and Zhang (2007):

NT + NB
DB_NT+NB+NL (4)
where N7, Ng, and N; are the numbers of the terminal residues,
branch residues, and linear residues, respectively. Using the data
from GC/MS, the DB values of the heteropolysaccharides were 27%,
13%, 10%, 9% and 8% for GL-I to GL-V.

The 13C NMR spectra of the five samples are shown in Fig. 4. The
strong signals at 98.2,70.1,69.1, 69.8 and 61.3 ppm in the spectrum
of GL-I were assigned to C-1, C-3, C-2, C-5 and C-6 of a-D-galactose,
and the signals at 101.7, 78.1, 72.0 and 61.0 to C-1, C-4, C-3 and
C-6 to mannose. The signals at 102.9, 73.4, 66.8, 75.1, and 61.1 can
be ascribed as C-1, C-2, C-4, C-5 and C-6 of [3-1,3-p-glucose. The
results show that GL-I is mainly a-D-galactose, and contained also
the other sugar units, mannose and glucose. The strong signals of
GL-II at 102.9, 73.5, 84.8, 69.9, 75.9 and 61.1 can also be assigned
to C-1, C-2, C-3, C-4, C-5 and C-6 of 3-1,3-D-glucose (Sone, Okada,
Wada, Kisguda, & Misaki, 1985). From analysis of the signals in GL-I,
the comparative content of glucose was much higher for GL-II. This
is in good agreement with the results of IR and GC. The comparative
weak peaksat98.2,69.9,68.5,and 61.1 could be ascribed to C-1, C-3,
C-5and C-6 of a-D-galactose, indicating that GL-Il mainly contained
[3-1,3-p-glucose.

For GL-III, the 13C NMR spectra signals are quite similar to GL-
II. The components analysis gave results identical to that from GC.
Signals at 175.4,174.8 and 172.7 for GL-I GL-1I and GL-IIl separately
in the 13C NMR were ascribed to the ~-CONH- group of proteins
(Dubois, Gilles, Hamilton, Rebers, & Smith, 1956).

For GL-1V, signals at 102.7, 73.3, 84.3, 69.7, 75.8, and 60.8 were
the characteristic peaks of C-1, C-2, C-3, C-4, C-5 and C-6 for 3-
1,3-D-glucose. For GL-V, signals at 102.8, 73.2, 84.4, 69.7, 75.9, 60.8
could be ascribed to C-1, C-2, C-3,C-4, C-5 and C-6 of 3-1,3-D-glucan
(Gorin, 1981). From the 3C NMR spectra, we can also calculate
the DB value of the samples from the peak distribution. All of the
samples have peaks around 67.0 ppm, which were assigned to the
C’-6. The contribution of C-6 to the total DB is 13.3%, 9.7%, 7.3%, 6%
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Fig. 4. '3C NMR spectra of GL-I to GL-V in D,0 at 25°C.

and 6.3%. The data from 13C NMR are in agreement with the results
calculated from the GC/MS.

The 13C NMR and GC/MS data show that the content of galac-
tose and mannose in the samples GL-I to GL-V decreased, while
the content of glucose increased, as extraction proceeded to higher
temperature. The GC/MS and '3C NMR also showed that the DB of
the samples decreased, indicating that GL-V is mainly composed
of 3-(1 — 3)-p-glucan with very little branch chains. Usually, the
linear 3-(1 — 3)-p-glucan, such as curdlan (Needs & Selvendran,
1993) and G. lucidum polysaccharides (Wang & Zhang, 2009), are
water-insoluble, so the presence of branched chains play important
role in improving water solubility of polysaccharides.

3.2. Molecular mass and chain conformation

The My, and (S?)1/2 values of polymers were calculated from
the classical Zimm light scattering plot collected at various angles
(0) at each concentration (c). The Kc/Ry was plotted versus
sin?(#/2) + Const. x ¢, and extrapolated to 0 for both 8 and polymer
concentration. The common intercept of the extrapolated curves
yields My, and the slope of the ¢ = 0 curve yields (S?)1/2. Fig. 5 shows

the Zimm plots for GL-IIl and GL-IV (others are not shown here).
Fig. 6 shows the angular dependences of (Kc/Ry).-¢ and the con-
centration dependences (Kc/Ry)y-q of the five polysaccharides in
0.9% NaCl at 25°C, they all show good linear relationship. The M,,
values measured for the samples by SEC-LLS were comparable to
those by light scattering. The values of [n] and (S?)1/2 reflect the
expanded extent and the stiffness of the polysaccharide chains.
The My, [n], A2 data are given in Table 2. For polymers with the
same M,, and different DB, the [n] values are different, because of
the different chain conformation. The linear polysaccharides have
higher [n] values than the branching polysaccharides with the same
M. The [n] value of GL-IV and GL-V was much higher than that
of the other three samples with similar My,. This again supported
the view that the degree of branching of GL-IV and GL-V was much
lower than the other three samples. The A, value reflects the extent
of solubility. Low A, value samples reflect low solvation and poor
water-solubility. The A, values of GL-IV (1.45) and GL-V (0.59)
were much lower than those of GL-I to GL-III (2.01, 2.93 and 4.11),
indicating that the water-solubility of GL-IV and GL-V is relatively
poor. As might be predicted, therefore, the linear (3-1,3-p-glucan is
water-insoluble and the branched GL-V readily soluble in water.
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Fig. 7. Plots of (S2)1/2 versus M,, for GL-I (a) and GL-IV (b) in 0.9% sodium chloride aqueous solution at 25 °C.

Additional information can also be obtained from SEC-LLS. The
power law of (S?)1/2 = f{M,,) can be estimated from the experimen-
tal points in the SEC chromatogram detected by LLS. Fig. 7 shows
log-log plots of (S2)1/2 versus M,, for GL-I and GL-IV in 0.9% NaCl

aqueous solution. The values of slope (&) of GL-I to GL-V are shown
in Table 2. The exponent « reflects the chain conformation of the
polymers in solution. Usually, « is 0.5-0.6 for a flexible polymer
in a good solvent, and 0.6-1.0 for a semi-flexible chain, 0.2-0.4

Table 2
Experiment results from LLS, SEC-LLS and viscosity for the polysaccharides from the fruit body of G. lucidum.
Sample [7] (mL/g) LLS SEC-LLS (%112 (nm)
M, x 104 A, x 10* (molmLg—2) M,y x 104 My [Mp? o
GL-I 6.8 5.08 2.01 6.3 1.52 0.38 26.7
GL-1I 7.9 451 2.93 6.1 1.73 0.31 32.8
GL-1II 8.2 8.98 4.11 11.2 2.21 0.41 45.2
GL-IV 27.7 16.4 1.45 184 1.80 0.49 40.4
GL-V 13.8 7.80 0.59 103 2.12 0.56 37.6

2 Calibrated on the method of He, Zhang, and Cheng (1982).
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Fig. 8. AFM image of the samples from GL-I to GL-III in water (20 pg/mL).

for branching polymers with compact coil chain conformation and
0.3 for globular shape (Kogan, Alfoldi, & Masler, 1988). In view of
the data, GL-V (@ =0.56) has a flexible chain, whereas GL-I to GL-III
behave as a compact coil chain conformation, with high branching.

3.3. Molecular morphology

Atomic force microscopy is useful to characterize surface
topology and visualize the orientation and spatial distribution of
molecules adsorbed to surfaces (Poggi et al., 2004). AFM operating
in the attractive, or non-contact, mode has been used to image indi-
vidual triple-helical scleroglucan molecules on a mica surface in air
(Theresa, Reginald, & David, 1995). Fig. 8 shows the AFM image of
the GL-I to GL-IIl samples in pure water. Monodispersed spheres
were observed in the polysaccharide dilute aqueous solution and
the average radii were 36 nm, 41 nm, and 60 nm, respectively. The
size of the random coil chains for GL-I to GL-IIl was comparable
with that obtained from the SEC-LLS. Therefore, GL-I to GL-III exist
in aqueous solution in a compact coil chain conformation (Tao &
Zhang, 2006). The morphology of the chains for GL-IV and GL-V
were not observed by AFM.

4. Conclusion

GL-I to GL-IIl were heteropolysaccharide-protein complexes
with protein contents of 14.6%, 5.7%, and 3.6%. GL-I mainly con-
tained galactose with the relatively high content of 52.0%, as well
as less glucan, mannose, xylose and arabinose. With the progress
of the isolation (3-1,3-D-glucan increased, whereas the degree of
branch of the heteropolysaccharides decreased. The relatively high
branching of the heteropolysaccharide led to the improvement of
water solubility. The samples of GL-I to GL-IIl existed in the aqueous
solution as compact coil conformation as a result of the relatively
high branching.
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