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a  b  s  t  r  a  c  t

A  chemically  new  sulfated  polysaccharide  (SPS50)  was  prepared  from  the  water  soluble  polysaccharide
(PS50),  isolated  from  Cordyceps  gunnii  mycelia,  by  concentrated  sulfuric  acid  method.  The  yield  of  crude
SPS50  was  62.34%  and  its specific  rotation  was  [˛]D

20 = −36.75◦. The  structural  characteristics  of  this
chemically  sulfated  polysaccharide  were  determined  based  on the  infrared  analysis  (IR),  high  perfor-
mance  liquid  chromatography  (HPLC)  and  sodium  dodecyl  sulfate  polyacrylamide  gel electropheresis
eywords:
ulfated modification
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ordyceps gunnii
nti-tumor activity

(SDS-PAGE).  Its  biological  properties  including  anti-oxidant  and  anti-tumor  activities  were  also  inves-
tigated.  The  results  showed  that  the anti-oxidant  capacity  of SPS50  was  not  as  good  as  SP50  and  the
anti-tumor  activity  of  SPS50  was  much  better  than PS50.  SPS50  showed  evident  growth  inhibition  on
K562  cells.  The  tumor  inhibition  ratio  of SPS50  against  K562  cells  was  69.92%.

© 2012 Elsevier Ltd. All rights reserved.

nti-oxidant activity

. Introduction

Polysaccharide has varieties of functions and biological activ-
ties, such as anti-cancer, anti-oxidant (Chen et al., 2005;

artinichen-Herrero, Carbonero, Sassaki, Gorin, & Iacomini, 2005).
n recent years, an increasing number of studies have focused on
he structures and biological properties of sulfated polysaccha-
ides (Han, Yao, Yang, Liu, & Gao, 2005; Yang, Du, Huang, Sun, &
iu, 2005; Urbinati, Bugatti, & Oreste, 2004; Xing et al., 2005; Lee,
ae, & Pyo, 2003). It was demonstrated that chemically sulfated
olysaccharides might change the chain conformation, resulting in
he alteration of their biological activities (Wang, Zhang, Li, Hou, &
eng, 2004; Wang, Yu, & Yuan, 2004).

Cordyceps gunnii (Berk). Berk., with two life forms of sexual
nd asexual types, is one kind of a complex type of fungi, and is
ound in Australia and China’s Guizhou, Anhui, Guangdong, Jiangxi
nd Hunan provinces. Earlier results indicated that C. gunnii could

mprove the body immunity, increasing memory, delay senescence,
rotect brain and heart in the condition of atmospheric oxygen, etc.
Wang, Zhang, et al., 2004; Wang, Yu, et al., 2004; Liang, 1985).

∗ Corresponding author. Tel.: +86 22 60601437; fax: +86 22 60601437.
∗∗ Corresponding author. Tel.: +86 22 60602006; fax: +86 22 60602510.

E-mail addresses: zhyuanzhu@tust.edu.cn (Z.-Y. Zhu), sichli@tust.edu.cn
C.-L. Si).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.10.007
Polysaccharides from C. gunnii in biological systems were
reported to possess several bioactivities, such as anti-oxidation,
anti-tumor, anti-aging activities and capable of increasing immu-
nity potential (Xu, 2002; Zhu et al., 2011). In our previous study,
a water soluble polysaccharide named PS50 (Zhu et al., 2012) was
extracted from C. gunnii.  Thus the obtained polysaccharide had
several bioactivities, and can be used as a dietary supplement for
health foods and therapeutics.

In this paper, a new chemically sulfated polysaccharide was pre-
pared from the water soluble polysaccharide (PS50) (Zhu et al.,
2012), named SPS50. The SPS50’s structural characteristics were
determined by IR, HPLC and SDS-PAGE. The anti-oxidation and anti-
tumor activity of SPS50 were also investigated.

2. Materials and methods

2.1. Materials

PS50, a high-molecular-weight polysaccharide, was  iso-
lated from C. gunnii mycelia based on our previous work

(Zhu et al., 2012). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) and sodium dodecyl sulfate (SDS) were
purchased from Sigma (St. Louis, MO,  USA). All other chemicals used
in this paper were of analytical grade.

dx.doi.org/10.1016/j.carbpol.2012.10.007
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:zhyuanzhu@tust.edu.cn
mailto:sichli@tust.edu.cn
dx.doi.org/10.1016/j.carbpol.2012.10.007
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.2. Preparation and isolation of SPS50

The sulfated polysaccharide was prepared using concentrated
ulfuric acid (7.5 mL), n-butanol (12.5 mL)  as described previously
He, Chen, & Li, 2003). Ammonium sulphate (125 mg)  was added
nto 50 mL  three-necked bottle. And then 500 mg  PS50 sample

as suspended and added. The mixture was maintained at 0 ◦C
or 30 min  with continuous stirring. After the reaction was fin-
shed, the mixture was neutralized with 1.0 mol/L NaOH dialyzed
gainst distilled water for 3 d, and freeze dried. A fraction of sulfated
olysaccharides was obtained and named as SPS50.

The fraction of sulfated polysaccharide was loaded on to a col-
mn  (1.6 cm × 30 cm)  of DEAD sephadex A-25. It was followed by
luting at a flow rate of 0.5 mL/min successively with distilled
ater and a gradient of 0–1.5 mol/L NaCl solution (each tube 2 mL).

he carbohydrate content of the elute was determined by the
henol–sulfuric acid method. Fraction collected from the main peak
ubjected to freeze drying.

.3. The degree of sulfate substitution (DS)

The sulfate content (S%) in the sulfated derivative was tested
ccording to the method of barium sulfate turbidity (Antonopoulos,
962). The degree of DS, designated as the average number of O-
ulfate groups per residue was calculated from the sulfur content
y the following formula (Zhang, 1999):

S = 1.62 × S%
32 − 1.02 × S%

.4. IR analysis

One milligram of dry SPS50 was mixed with 150 mg  of dry
Br and pressed into a disk for spectrum recording. The Fourier

ransform IR spectra (FT-IR) were recorded on a Vector 22 FT-IR
pectrophotometer (BioRad FT S-135) between 400 and 4000 cm−1.

.5. Analysis by HPLC

The SPS50 was analyzed with a HPLC (Agilent-1100) equipped
ith a C18 column (300 mm × 20 mm)  and a 200 nm UV detector, at
etecting temperature 30 ◦C. 20 �L of sample solution was  injected
nd ran with phosphate buffer (pH 6.0) at 0.6 mL/min as mobile
hase.

.6. SDS-PAGE fibrinautography

The purity of sulfated polysaccharides was further confirmed by
DS polyacrylamide slab gel electrophoresis. It was configured by
8% (v/v) resolving gel, 10% (v/v) stacking gel, the sample solution
retest treatment. A constant pressure of 80 V/cm was  used. Col-
red by alixinlan solution for 4 h, glacial acetic acid:methanol = 1:4
s the decolorize for 24 h. (I do not understand this! First you col-
red it and then discolored it?)

.7. Anti-oxidant activity of SPS50

.7.1. Superoxide radical (SR) scavenging assay
Superoxide radical was generated in the PAPG system contain-

ng 340 �L Tris–HCl buffer (50 mM,  pH 8.2), 50 �L25 mM,  PAPG and
00 �L varying concentrations of polysaccharide (2.5–15 mg/mL).

he mixture prepared earlier was incubated at 25 ◦C for 4 min. Sub-
equenlty, 10 �L 8 mM HCl was used to compete the reaction. The
bsorbance reading at 320 nm was named as Ai. For the positive
ontrol, sample was substituted with Vc and the absorbance reading
lymers 92 (2013) 872– 876 873

at  320 nm was named as Aj. In the blank group, sample was  sub-
stituted with distilled water and the absorbency value was named
as Ao. The capability of scavenging to superoxide radical was  calcu-
lated using the following equation:

SR(%) =
[

1 − Ai − Aj

Ao

]
× 100%

2.7.2. 1,1-Diphenyl-2-picrylhydrazyl scavenging assay (DPPH·)
The free-radical scavenging capacity of the sulfated polysaccha-

rides (SPS50) was  analyzed using the DPPH·test according to the
method of Blois (1958).  100 �L of various concentrations of the
sulfated polysaccharides (2.5–15 mg/mL) were added to 400 �L of
5 �mol/L 50% (v/v) ethanol solution of DPPH·. After a 30 min  incu-
bation period at 25 ◦C, the absorbance was determined against a
blank at 517 nm.  The free radical inhibition by DPPH in percent
(SR%) was calculated as follows:

SR(%) =
[

1 − Ai − Aj

Ao

]
× 100%

2.8. Hydroxyl radical scavenging assay

The scavenging activity of water soluble polysaccharide of
C. gunnii against the hydroxyl radical was investigated based on
the Fenton reaction (Fe2+ + H2O2 → Fe3+ + OH− + OH), from which
high reactive hydroxyl radicals, ·OH, are generated.

The reaction solution, containing 200 �L different concentra-
tions (2.5–15 mg/mL) was incubated with 6 mM (200 �L) salicylic
acid, 6 mM H2O2 (200 �L), 6 mM (200 �L) ferrous sulfate for
60 min  at 37 ◦C and hydroxyl radical was detected by monitor-
ing absorbance at 510 nm.  In the control, sample was substituted
with distilled water and the same concentration of Vc replaced
H2O2. The capability of scavenging hydroxyl radical was calculated
as:

SR% =
[

Ao − (Ai − Aj)
Ao

]
× 100%

2.9. Assay of cell growth (anticancer activity of SPS50)

K562 cells were obtained from Tianjin University of Science and
Technology biological resources and function laboratory (Tianjin,
China). The cells were cultured in RPMI1640 medium contain-
ing 10% FBS in a humidified atmosphere of 5% CO2 at 37 ◦C. The
cell growth was  determined by the MTT  cellular viability assay
method (Liu, Song, Yang, Liu, & Zhang, 2007; Liu, Lin, Gao, Ye, &
Xi, 2007). 2 × 105 K562 cells were placed into 96-well microplates
and cultured for 24 h prior to treatment. The cells were treated with
various concentrations of SPS50. At the end of treatment, 10 �LMTT
solution (5 mg/mL) was added to each well and incubated for
another 4 h. The medium was removed and 150 �l dimethylsulf-
oxide (DMSO) was  added to the wells. Then the absorbance was
measured at 490 nm using an ELISA reader (Bio-Tek EL 800, USA).
All determinations were conducted in triplicate. The inhibition of
cell growth was calculated by following formula:

Inhibition rate (%) = Acontrol − Asample

Acontrol
× 100%

3. Results and discussion
3.1. Structure analysis

The SPS50 was prepared from PS50 by concentrated sulfuric acid
method. The yield of crude SPS50 was 62.34%. The crude SPS50 was
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Fig. 1. DEAE Sephadex A-25 chromatographic profile for SPS50.
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with neutral polysaccharides, the color of the alcian Blue kept the
same.

In Fig. 4, the neutral polysaccharide PS50 did not show signif-
urified by DEAE Sephadex A-25, saving the main fraction (Fig. 1)
hich was then freeze dried. The specific rotation of SPS50 was

ecorded as [˛]D
20 = −36.75◦.

The sulfur content in SPS50 was 5.9% (w/w), thus, the degree of
ubstitution (DS) was 0.33.

By comparison with PS50 (Fig. 2), two characteristic absorption
ands appeared in the FT-IR spectrum of SPS50 one at 1241 cm−1,
hich was due to an asymmetrical S O stretching vibration and

he other at 817 cm−1 due to a symmetrical C O S vibration asso-
iated with a C O SO3 group, indicating incorporation of the
ulfate group (Maciel, Chaves, & Souza, 2008; Mahner, Lechner, &
ordmeier, 2001).

The high-performance liquid chromatography analysis of PS50
as shown in Fig. 3a. PS50 appeared a primary peak and the reten-
ion time was 2.833 min.

Fig. 3. HPLC profile of PS5
Fig. 2. A comparison of PS50 and SPS50 IR spectra (PS50 at top and SPS50 at bottom).

Compared with the PS50 HPLC chart, SPS50 exhibited two
primary peaks with the retention time of 2.833 and 4.667 min
respectively (Fig. 3b).

The results also indicated that a part of PS50 had been sulfated
successfully and the polarity of SPS50 was  larger than PS50.

Alcian Blue, a cationic dye is the most specific dye on acidic
mucous material. Dyes and acid groups can form a salt. When
acidic polysaccharides were mixed with alcian Blue a different color
appeared. However, when acidic polysaccharides were replaced
icant band in SDS-PAGE. But the sulfated SPS50 had a wide band.

0 (a) and SPS50 (b).
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Fig. 4. SDS-PAGE fibrinaytography of PS50 and SPS50.

he above results supported the conclusion that the sulfate groups
ere successfully introduced.

.2. Biological properties analysis
The SPS50 at different concentrations exhibited weak ability
o suppress the superoxide radical (Fig. 5a). It showed the best

ig. 5. Scavenging ability of polysaccharides on O2− redical (a), DPPH·  radical (b)
nd ·OH radical (c).
lymers 92 (2013) 872– 876 875

inhibition result on superoxide radical was  12.12% when the con-
centration of SPS50 was 2.5 mg/mL.

In this work, free-radical scavenging effect of the SPS50 sam-
ples at different concentration on DPPH· was  measured. The DPPH·
free-radical scavenging capacity of SPS50 was  irregular. When
the concentration of SPS50 reached 3 mg/mL, the best inhibition
(30.03%) was achieved (Fig. 5b).

The scavenging activity of SPS50 against the hydroxyl radical
was not significant. At the concentration of 3.0 mg/mL, the highest
inhibition (25.07%) was afforded (Fig. 5c).

The free-radical scavenging capacity of SPS50 was lower than
that of PS50.

The growth inhibitory effects of SPS50 against K562 cells were
first examined. After 24 h co-culture on K562, as shown in Fig. 6a,
the PS50 exhibited a high activity in low concentration (25 �g/mL)
and high concentration (400 �g/mL). But in the concentration range
of 50–200 �g/mL, PS50 demonstrated a low inhibition of K562
cells. Results demonstrated that the growth inhibitory effects of
SPS50 were significantly better than PS50, but the effectiveness was
irregular. When the concentration of SPS50 reached 100 �g/mL, the
inhibition ratio increased to 47.5%.

After treatment for 48 h, as shown in Fig. 6b, PS50 had the same
phenomenon as that of 24 h. But SPS50 demonstrated distinct inhi-
bition effect at the concentrations ranging from 50 to 400 �g/mL,
whereas the growth inhibitory effects for 24 h treatment were not
significant. And the results also showed that SPS50 inhibited K562
cells growth in a dose-dependent manner.

Cell K562 was treated with PS50 and SPS50 for 48 h, then it
was collected for the whole body protein analysis. The result was
shown in Fig. 7. K562, after 48 h treated with SPS50 (400 �g/mL),
the whole protein inside the cell changed notably. Compared with
the SP50, the protein in 70 kDa–75 kDa were significantly increased,
and the protein in 35 kDa–40 kDa and 26 kDa disappeared. Cell apo-
ptosis is one of the basic biological phenomenon (Zhao & Shang,
2006). After SPS50 treatment, the protein of K562 cell changed
dramatically. SPS50 might inhibited or promoted cell apoptosis

in gene expression level anomalies. We  had another speculation
that SPS50 polysaccharide may  increase apoptosis of K562 cells. All
these hypothesize still need further confirmation.

Fig. 6. Inhibition effects of K562 cells incubated with polysaccharides for 24 h (a)
and 48 h (b).
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ig. 7. SDS-PAGE profile of K562 cells incubated with polysaccharides for 48 h.

. Conclusion

The SPS50 was derived from water soluble polysaccharide of
. gunnii.  The results showed that the anti-oxidizing capacity of
PS50 was not as significant as P50 and the anti-tumor activity
f SPS50 was much better than PS50. SPS50 has shown strong
rowth inhibition on K562 cells. The tumor inhibition ratio of
PS50 against K562 was 69.92%. This work may  provide new
irections for the development and application of polysaccharides
rom C. gunnii.

cknowledgments

This work was financially supported by National Agricultural
nnovation Project (2011GB2A100009), the Foundation of Tian-
in Educational Committee (20090604), Program for Changjiang
cholars and Innovative Research Team in University (IRT1166),

ational Natural Science Foundation of China (NSFC, 31170541 and
1000279), National High Technology Research and Development
rogram of China (2012AA021505) and Program for New Century
xcellent Talents in University (NCET-10-0951).
lymers 92 (2013) 872– 876

References

Antonopoulos, C. A. (1962). A modification for the determination of sulphate in
mucopolysaccharides by the benzidine method. Acta Chemica Scandinavica, 16,
1521–1522.

Blois, M.  S. (1958). Antioxidant determinations by the use of a stable free radical.
Nature,  181, 1199–1200.

Chen, J. Y., Wu,  G. R., Wang, J. A., Lu, C. M.,  Zhang, W.  M.,  & Jiang, J. H. (2005). Sulfa-
tion techniques of Bletilla striata polysaccharide by orthogonal design. Chinese
Traditional and Herbal Drugs,  36, 43–46.

He, Z. J., Chen, J. W.,  & Li, X. (2003). Advances in studies of sulfated polysaccharide.
Chinese Traditional and Herbal Drugs, 21,  2087–2088.

Han, F., Yao, W.  B., Yang, X. B., Liu, X. N., & Gao, X. D. (2005). Experimental study
on anticoagulant and antiplatelet aggregation activity of a chemically sulfated
marine polysaccharide YCP. International Journal of Biological Macromolecules,
36,  201–207.

Liang, Z. Q. (1985). Isolation and identification of the conidial stage of Cordyceps
gunnii.  Acta Mycologica Sinica, 4, 162–166.

Lee, B. C., Bae, J. T., & Pyo, H. B. B. P. (2003). Biological activities of the polysaccharides
produced from submerged culture of the edible Basidiomycete Grifola frondosa.
Enzyme and Microbial Technology, 32,  574–581.

Liu, A. J., Song, W.,  Yang, N., Liu, Y. J., & Zhang, G. R. (2007). Cartilage polysaccharide
induces apoptosis in human leukemia K562 cells. Cell Biology and Toxicology,  23,
465–476.

Liu,  C. H., Lin, Q. X., Gao, Y., Ye, L., & Xi, T. (2007). Characterization and antitumor
of  a polysaccharide from Strongylocentrotus nudus eggs. Carbohydrate activity
Polymers, 67,  313–318.

Martinichen-Herrero, J. C., Carbonero, E. R., Sassaki, G. L., Gorin, P. A. J., & Iacomini,
M. (2005). Anticoagulant and antithrombotic activities of a chemically sulfated
galactoglucomannan obtained from the lichen Cladonia ibitipocae. International
Journal of Biological Macromolecules, 35,  97–102.

Maciel, J. S., Chaves, L. S., & Souza, B. (2008). Structural characterization of
cold extracted fraction of soluble sulfated polysaccharide from red seaweed
Gracilaria birdiae. Carbohydrate Polymer, 71(4), 559–565.

Mahner, C., Lechner, M.  D., & Nordmeier, E. (2001). Synthesis and characterization
of  dextran and pullulan sulphate. Carbohydrate Research, 331(2), 203–208.

Urbinati, C., Bugatti, A., & Oreste, P. (2004). Chemically sulfated Escherichia coli K5
polysaccharide derivatives as extracellular HIV-1 Tat protein antagonists. FEBS
Letters,  568, 171–177.

Wang, Y. F., Zhang, L. N., Li, Y. Q., Hou, X. H., & Zeng, F. B. (2004). Correlation of
structure to antitumor activities of five derivatives of abglucan from Poria cocos
sclerotium. Carbohydrate Research, 339, 2567–2574.

Wang, Z. S., Yu, Y. X., & Yuan, Q. S. (2004). Bioactive components of Cordyceps (Fr.)
Link fungi. Chinese Traditional and Herbal Drugs, 10,  8–11.

Xing, R., Liu, S., Yu, H. H., Guo, Z. Y., Li, Z., & Li, P. C. (2005). Preparation of
high-molecular weight and high-sulfate content chito-sans and their potential
antioxidant activity in vitro. Carbohydrate Polymer, 61,  148–154.

Xu,  W.  Q. (2002). Advances in studies of sulfated polysaccharide? Pharmacy of Tianjin,
14(6),  1–4.

Yang, J. H., Du, Y. M.,  Huang, R. H., Sun, L. P., & Liu, H. (2005). Chemical modification
and antitumour activity of Chinese lacquer polysaccharide from lac tree Rhus
vernicifera.  Carbohydrate Polymer, 59,  101–107.

Zhang, W.  J. (1999). Biochemistry techniques in the research of carbon complex (2nd
ed.). Zhejiang: Zhejiang University Press., pp. 91–92.

Zhao, Y., & Shang, D. J. (2006). Advances in studies of the mechanism of polysac-
charide induced cancer cells. Journal of Chinese Journal of Cancer Prevention and
Treatment,  13(6), 472–475.

Zhu, Z. Y., Liu, N., Si, C. L., Liu, Y., Ding, L. N., Chen, J., et al. (2012). Structure and
anti-tumor activity of a high-molecular-weight polysaccharide from cultured

mycelium of Cordyceps gunni.  Carbohydrate Polymers, 28,  1072–1076.

Zhu, Z. Y., Si, C. L., Zhong, Y. R., Zhu, C. M.,  Zhou, J. P., Liu, A. J., et al. (2011). The
purification and antioxidative activities in d-galactose-induced aging mice of
a  water-soluble polysaccharide from Cordyceps gunnii (berk.) Berk. mycelium.
Journal of Food Biochemistry, 35,  303–322.


	Sulfated modification of the polysaccharide from Cordyceps_gunnii mycelia and its biological activities
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Preparation and isolation of SPS50
	2.3 The degree of sulfate substitution (DS)
	2.4 IR analysis
	2.5 Analysis by HPLC
	2.6 SDS-PAGE fibrinautography
	2.7 Anti-oxidant activity of SPS50
	2.7.1 Superoxide radical (SR) scavenging assay
	2.7.2 1,1-Diphenyl-2-picrylhydrazyl scavenging assay (DPPH·)

	2.8 Hydroxyl radical scavenging assay
	2.9 Assay of cell growth (anticancer activity of SPS50)

	3 Results and discussion
	3.1 Structure analysis
	3.2 Biological properties analysis

	4 Conclusion
	Acknowledgments
	References


