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A water-soluble polysaccharide HCLPS-1 was isolated from clam of Hyriopsis cumingii Lea by hot water,
DEAE-cellulose and Sephadex-G200, gel-permeation chromatography and tested for its immunostimula-
tory activities. Its structural characteristics were investigated by UV, IR, HPLC, NMR spectroscopy, meth-
ylation analysis and GLC–MS. HCLPS-1 consisted of glucose and xylose with the molar ratio of 35:1. Based
on the data obtained, HCLPS-1 was determined to has a main chain of (1 ? 4)-linked b-D-glucopyranosyl
residues, with a weight-average molecular weight of about 1.56 � 105 Da. HCLPS-1 not only could signif-
icantly promote concanavalin A (Con A), lipopolysaccharide (LPS)-stimulated splenocytes proliferation in
concentration-dependent manner in vitro, but also increase Con A- and LPS-induced splenocytes prolifer-
ation in mice immunized with the sheep red blood cell (SRBC). Meanwhile, HCLPS-1 remarkably pro-
moted 2, 4-dinitrofluorobenzene (DNFB)-induced delayed-type hypersensitivity (DTH) reactions. These
results suggested that HCLPS-1 could improve both specific and non-specific cellular immune response
and might be explored as a potential natural immunomodulator.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Hyriopsis cumingii Lea, which is the main fresh mussel in the
aquatic production, plays a very important role in aquaculture
business. It is a kind of freshwater bivalve mollusks, and is
widely cultured in the south of China for producing pearls. How-
ever after the pearls are taken out of shells, the mass-produced
clams become the waste to be dumped. The clams contain abun-
dant protein, lipid, polysaccharides, and the like. It is valuable to
exploit them. In the recent years, there are several chemical and
bioactive studies on the clam of H. cumingii, such as nutrient
analysis (Zhou et al., 2006), enzyme-hydrolysis peptide technical
study (Yang, Huang, Zhuang, Xu, & Dong, 2003) and inhibition
against the lung cancer cell. However, the polysaccharide from
this clam and its immunomodulatory activity has not yet been
reported. In the present study, we report the isolation, chemical
characterization of a water-soluble polysaccharide from the
clam of H. cumingii, as well as its immunostimulatory activity
in vitro and in invo.
ll rights reserved.
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2. Experimental

2.1. Materials

Fresh clam tissue of H. cumingii Lea was picked from a commer-
cial pearl farm in Zhejiang China. Sephadex G-75 and 2,4-dinitro-
fluorobenzene (DNFB) were purchased from Pharmacia Biotech,
CA, USA; DEAE-cellulose, concanavalin A (Con A), lipopolysaccha-
ride (LPS), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide (MTT)were from Sigma Chemical Co., St. Louis, MO,
USA; RPMI 1640 medium was from Gibco BRL, Grand Island, NY,
USA; trifluoroacetic acid (TFA) and Me2SO were purchased from
E. Merck, AG, Germany. Aqueous solutions were prepared with
purified water from a Milli-Q system (Millipore, Bedford, MA,
USA). All other reagents were of the highest available quality.
2.2. Isolation and purification of HCLPS-1

The clam tissue of H. cumingii Lea (100 g) was mashed into
mincemeat and defatted with 95% EtOH twice at 80 �C for 2 h,
and filtered. The residue was further extracted with 750 mL of
water for 1 h. The combined aqueous extracts were concentrated
in a rotary evaporator under reduced pressure at 50 �C and filtered.
Then the filtrate was mixed with 4 vol. of 95% EtOH at 4 �C, fol-
lowed by centrifugation at 5000 g for 20 min. The precipitate was
dissolved in 300 mL of water and deproteinized three times with
60 mL sevage reagent (isoamyl alcohol and chloroform in 1:5 ratio)
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as described by Sevag (Sevag, Lackman, & Smolens, 1983). The
resulting aqueous fraction was extensively dialyzed against dou-
ble-distilled water for 3 days and precipitated by addition of
3 vol. of 95% EtOH. After centrifugation the precipitate was washed
with anhydrous EtOH and then vacuum-dried at 40 �C to yield the
crude polysaccharide (7.23 g). The crude polysaccharide was dis-
solved in distilled water, applied to a DEAE-cellulose column
(2.0 � 40 cm) and eluted with water. Each fraction of 4 mL was col-
lected at a flow rate of 40 mL/h and monitored by the phenol-sul-
furic acid method at 490 nm (Dubois, Gilles, Hamilton, Rebers, &
Smith, 1956). The collected fractions were dialyzed and lyophi-
lized. The product was further chromatographed on a Sephadex-
G200 column (1.5 � 40 cm) with water and lyophilized to give
white power, HCLPS-1, which was subjected to the subsequent
analyzes.

2.3. Gel-permeation chromatography (GPC) analysis

The homogeneity and molecular weight of HCLPS-1 was deter-
mined on a Waters HPLC system (Allances 2695, Waters, USA)
equipped with a Waters Ultrahydrogel 250 column (7.8 � 300
mm) and a Waters 2410 differential refractometer. A sample solu-
tion (20 lL of 0.1%) was injected in each run, with 0.1 mol/L NaCl
as the mobile phase at 0.6 mL/min. The HPLC system was precali-
brated with pullulan standards (Shodex Standard P-82, Waters).

2.4. Monosaccharide composition analysis

HCLPS-1 (5 mg) was dissolved in 6 mL 2 mol/L TFA and hydro-
lyzed at 120 �C for 2 h, followed by evaporation and addition of
MeOH to the residue. The hydrolyzate was reduced with NaBH4

for 3 h at room temperature. The excess NaBH4 was decomposed
with HOAc and removed by repeated evaporation to dryness with
the addition of 10% (v/v) HOAc in MeOH. Alditol acetates of the re-
duced sugars and authentic standards (D-glucose, D-mannose, D-
galactose, D-fucose, D-xylose and D-arabinose with myoinositol as
the internal standard) were prepared with AC2O at 100 �C for 1 h
and subjected to GLC analysis on an HP 6890 GC (Hewlett-Packard,
USA) fitted with a capillary column DB-225 (60 m � 0.25 mm i.d.,
film thickness 0.25 lm) and a flame-ionization detector (Blakeney,
Harris, Henry, & Stone, 1983). High-purity helium was used as the
carrier gas at a flow rate of 1.2 mL/min. The oven temperature was
kept for 3 min at 190 �C following injection of 1 L samples in a split
ratio of 1:10 and then raised at 4 �C min�1 to 230 �C. The injector
and detector temperatures were 250 �C and 270 �C, respectively.

2.5. Methylation analysis

The HCLPS-1 (20 mg) was methylated three times according to
Needs and elvendran (1993). Complete methylation was confirmed
by the disappearance of the OH band (3200–3700 cm�1) in the IR
spectrum. The methylated products were hydrolyzed, reduced
and acetylated as described by Sweet, Shapiro, and Albersheim
(1975). The partially methylated alditol acetates were analyzed
by gas chromatography–mass spectrometry. GC–MS was done on
a TRACE DSQ GC/MS instrument (Thermoelectron Company, USA)
with an HP-5 ms capillary column (30 m � 0.32 mm � 0.25 lm).
The GC temperature program was isothermal at 50 �C for 2 min,
followed by a 15 �C min�1 gradient up to 260 �C for 5 min

2.6. UV, IR and NMR analysis

UV–vis absorption spectra were recorded with a Shimadzu
MPS-2000 spectrophotometer between 190 and 290 nm. The FT-
IR spectra (KBr pellets) were recorded on SPECORD in a range of
400–4000 cm�1. For NMR measurements, HCLPS-1 was dried in a
vacuum over P2O5 for several days, and then exchanged with deu-
terium (Dueňas-Chasco et al., 1997) by lyophilizing with D2O for
several times. The deuterium-exchanged polysaccharide (50 mg)
was put in a 5-mm NMR tube and dissolved in 0.7 mL 99.96%
D2O. Spectra were recorded with a Bruker AV-500 spectrometer.
The 1H and 13C NMR spectra were recorded at 50 �C. Acetone was
used as an internal standard (d31.12 ppm) for the 13C spectrum.
The 1H NMR spectra were recorded fixing the HOD signal at
d4.68 ppm at 50 �C.

2.7. Experimental animals

Female ICR mice (grade II, 5 weeks old) weighing 20 ± 2 g were
purchased from Zhejiang Experimental Animal Center (Certificate
No. 22-2001001, Hangzhou, China) and acclimatized for 7 d before
use. Rodent laboratory chow and tap water were provided ad libi-
tum, and maintained under controlled conditions: temperature
24 ± 1 �C, humidity 50 ± 10%, 12-h light/12-h dark cycle. All the
procedures were in strict accordance with the P.R. China legislation
on the use and care of laboratory animals, and with the guidelines
established by the Institute for Experimental Animals, and were
approved by the Committee for Animal Experiments.

2.8. In vitro splenocyte proliferation assay

Spleen collected under aseptic conditions was minced and
passed through a sterilized ion mesh (200 mesh) to obtain single
spleen cell suspensions. Erythrocytes in the cell mixture were de-
stroyed by the rapid addition of H2O. Then, the cells were washed
twice with phosphate-buffered saline (PBS) and adjusted to a den-
sity of 5 � 106 cells/mL in the RPMI 1640 complete medium [RPMI
1640 supplemented with 12 mM HEPES (pH 7.1), 0.05 mM 2-
mercaptoethanol, 100 IU/ml penicillin, 100 lg/ml streptomycin,
and 10% FCS]. Splenocyte proliferation was assayed as previously
described (Wang, Li, Song, & Bi, 2002). Briefly, an aliquot of
100 lL of splenocytes were seeded into 4 wells of a 96-well flat-
bottom microtiter plate, thereafter Con A (final concentration
10 lg/ml), or LPS (final concentration 20 lg/ml), or medium with
HCLPS-1 (final concentration 0.01, 0.1, 1.0, 10, and 100 lg/mL)
were added giving a final volume of 200 ll. After incubation at
37 �C in a humid atmosphere with 5% CO2 for 44 h, 50 ll of MTT
solution (2 mg/ml) were added to each well and incubated for an-
other 4 h. The plate was centrifuged on 1500 rpm for 5 min, and
the supernate was discard, and then 150 lL Me2SO was added
per well. Absorbance at 570 nm was measured on an ELISA reader
(Bio-TEK USA).

2.9. Splenocyte proliferation assay in vivo

Six-week-old female ICR mice were divided into five groups,
each consisting of ten mice. Mice were immunized intraperitone-
ally (i.p.) with 5% the sheep red blood cell (SRBC) suspension
0.5 mL in saline (Bao, Liu, Fang, & Li, 2001). Beginning on the
day of immunization, the immunized mice were administered
ip with HCLPS-1 at the doses of 10, 20, 40, 60 mg/kg for 6 days
once daily. The control groups received the same volume of sal-
ine. Twenty four hours after the last administration, splenocytes
were prepared as described above. An aliquot of 100 lL of
splenocytes prepared from immunized mouse was seeded into
each well of a 96-well plate in the presence of Con A (10.0 lg/
mL) or LPS (20.0 lg/mL). The plates were incubated at 37 �C in
a humid atmosphere with 5% CO2. Splenocytes proliferation
was assayed as described before. The stimulation index (SI)
was calculated based on the following formula: SI, the absor-
bance value for mitogen-cultures divided by the absorbance va-
lue for non-stimulated cultures.
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2.10. DNFB-induced delayed-type hypersensitivity (DTH) response

Six-week-old female ICR mice were divided into four groups,
each consisting of ten mice. Animals were initially sensitized with
50 lL 1% DNFB dissolved in acetone–olive oil (1:1) on the shaved
abdominal skin of recipients. Beginning on the day of immuniza-
tion, the immunized mice were orally administered with HCLPS-
1 at the doses of 40, 40, 80 mg/kg for 5 days once daily. The control
groups received the same volume of saline. After 5 days, the DTH
reaction was elicited by smearing 10 lL 1% DNFB on both sides
of the left ear. 24 h later, the DTH response to DNFB was evaluated
by measuring weight difference of right and left ear with an analyt-
ical balance (Brodmerkel et al., 2005).

2.11. Statistical analysis

The data were expressed as mean ± SD and examined for their
statistical significance of difference with one-way ANOVA, fol-
lowed by Dunnett’s test. P-values of less than 0.05 were considered
to be statistically significant.

3. Results and discussion

3.1. Isolation, purification and structural analysis of HCLPS-1

The crude polysaccharide was extracted with hot water from the
clam of H. cumingii. This fraction was separated and sequentially
purified through DEAE-cellulose and Sephadex-G200 gel-perme-
ation chromatography, leading to the isolation of a water-soluble
purified polysaccharide HCLPS-1, with its yield being 4.6% of the
Fig. 1. HPGPC Profi

Table 1
GC-MS data of alditol acetate derivatives from the methylated product of HCLPS-1.

Acetates of sugara Rt (min) Molar ratio

2,3,4,6-O-Me4-Glucose 11.79 3.8
2,3,6-O-Me3-Glucose 12.57 28.8
2,3-O-Me2-Xylose 12.99 1.0
2,3-O-Me2-Glucose 13.44 2.5

a 2,3,4,6-Me-Glu = 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-glucose, etc.
dry material. The fractionation procedure was monitored by carbo-
hydrate content detected by the phenol–sulfuric acid assay.

HCLPS-1 appeared as a white powder. The HPGPC profile (Fig. 1)
showed a single and symmetrically sharp peak, indicating that
HCLPS-1 was a homogeneous polysaccharide, with a weight-aver-
age molecular weight of �1.56 � 105 Da. HCLPS-1 was determined
to be composed of D-glucose and D-xylose with the molar ratio of
35:1 by GC of the acetylated of monosaccharides.

Methylation analysis of HCLPS-1 by GC–MS revealed three
types of glucose and one type of xylose derivatives in a relative
molar ratio of 29:4:2:1. The GC–MS results (Table 1) indicated that
the backbone chain are mainly (1,4)-linked-b-D-glucosyl (Residue-
A), and small amounts of (1,4)-linked-b-D-xylosyl residues (Resi-
due-B), the backbone chain contained non-reducing terminal (1)-
b-D-glucosyl and (4)-b-D-glucosyl (Residue-C) groups. The two side
chains attached to the C-6 position of Residue-D contained single
non-reducing terminal (4)-b-D-glucosyl (Residue-C) groups.
The HCLPS-1 was analyzed by UV, IR and NMR. It had a negative
response to the Bradford test and no absorption at 280 or 260 nm
in the UV spectrum, indicating the absence of protein and nucleic
acid. The bands in the region of 3411 cm�1 are due to the hydroxyl
stretching vibration of the polysaccharides. The bands in the region
of 2917 cm�1 are due to C–H stretching vibration, and the bands in
the region of 1640 cm�1 are due to associated water. In the ano-
meric region of the 1H NMR spectrum of HCLPS-1 (Fig. 2), five sig-
nals occurred at 5.33, 3.89,3.78,3.58, and 3.357 ppm, which were
assigned as Residue-C, Residue-A, Residue-B, and Residue-D,
respectively. And accordingly in the anomeric region of the 13C
NMR spectrum (Fig. 3), carbon resonances appeared at 103.30,
le of HCLPS-1.

Mass fragments (m/z) Mode of linkage

43, 45, 71, 88, 101, 129, 145, 161, 205 Terminal
43, 45, 85, 87, 113, 129, 131, 173, 233 ?4) Glup(?1
43, 71, 87, 101, 117, 129, 161, 173, 189 ?4) Xylp(?1
43, 85, 127, 159, 201, 261, 271 ?4,6) Glup(?1



Fig. 2. 1H NMR Profile of HCLPS-1.

Fig. 3. 13C NMR Profile of HCLPS-1.

Table 2
Effects of HCLPS-1 on Con A- and LPS-stimulated mice splenocyte proliferation
in vitroa.

Concentration (lg/ml) RPMI 1640 (A570) Con A (A570) LPS (A570)

0.0 0.164 ± 0.005 0.207 ± 0.000 0.212 ± 0.014
0.01 0.167 ± 0.001 0.378 ± 0.022* 0.248 ± 0.013*

0.1 0.170 ± 0.005 0.373 ± 0.008** 0.253 ± 0.004*

1.0 0.172 ± 0.002 0.385 ± 0.003** 0.272 ± 0.004*

10.0 0.187 ± 0.001* 0.404 ± 0.012** 0.273 ± 0.003*

100.0 0.210 ± 0.003** 0.439 ± 0.008** 0.312 ± 0.001**

a The data are represented as mean ± SD from three independent experiments.
Significant differences with 0 lg/ml were designated as *P < .05 and **P < .01.
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103.13, 80.42, 76.63–72.73 and 64.44–62.75 ppm. All the results
confirmed the presence of four sugar residues and their configura-
tions: Residue-A, Residue-B, Residue-C and Residue-D are forms of
b-configuration. In the high magnetic field, the 62.75 ppm signal
should come from C-6 resonance of Residue-D. C-4 chemical shifts
of Residue-A and Residue-B, Residue-C occurred at 76.63–
72.73 ppm. The 103.30 and 103.13 ppm signal should come from
terminal resonance of Residue-C. All the NMR chemical shifts were
compared with the literature values (Cui et al., 2007; Hua, Zhang,
Fu, Chen, & Chan, 2004; Ishurd et al., 2004; Pramanik, Mondal,
Chakraborty, Rout, & Islam, 2005; Sun et al., 2008).

3.2. Immunostimulatory activity in vitro and in invo

The lymphocyte-mediated immunity plays an important role in
the cellular and humoral immune responses. The capacity to elicit
an effective T- and B-lymphocyte immunity can be shown by the
stimulation of lymphocyte proliferation response. It is generally
known that Con A stimulates T cells and LPS stimulates B cell pro-
liferation (Han et al, 1998). The proliferation assay showed that
HCLPS-1 not only significantly promoted Con A and LPS-stimulated
splenocyte proliferation in vitro in a concentration-dependent
manner (Table 2), but increased Con A- and LPS-induced spleno-
cyte proliferation in the SRBC-immunized mice in a dose-depen-



Table 3
Effects of HCLPS-1 on Con A- and LPS-stimulated splenocyte proliferation the
immunized micea.

Groups Dose (mg/kg) Con A LPS

Control – 1.523 ± 0.369 1.346 ± 0.210
HCLPS-1 10 1.964 ± 0.344 1.438 ± 0.295

20 2.140 ± 0.421* 1.705 ± 0.261
40 2.184 ± 0.369* 1.737 ± 0.270*

60 2.295 ± 0.210** 1.773 ± 0.127**

a Mice were immunized i.p. with 0.5 ml of 5% sheep red blood cell (SRBC) sus-
pension on day 0, and administered with HCPLS-1 at the doses of 10, 20, 40, 60 mg/
kg for 6 days once daily. The control groups received the same volume of saline.
After 6 days, splenocytes were prepared, and cultured with Con A or LPS for 48 h.
Splenocyte proliferation was measured by the MTT method as described in the text,
and shown as a stimulation index. The values are presented as means ± SD (n = 5).
Significant differences with control group are designated as *P < .05 and **P < .01.

Table 4
Effect of HCLPS-1 on DNFB-induced delayed-type hypersensitivity reaction in micea.

Group Dose (mg/kg/d) Number of mouse DT (mg)

Control 0 10 8.59±1.36
HCLPS-1 40 10 10.11±1.99

60 10 10.50±1.72*

80 10 13.43±2.43**

a Mice were initially sensitized with DNFB on days 0, and administered with
HCLPS-1 at the doses of 40, 60, 80 mg/kg for 5 days once daily. The control groups
received the same volume of saline. 5 days later, DTH reaction was elicited in ear by
challenge with DNFB. The ear swelling (DT) was calculated as the difference
between the weights of untreated and DNFB-treated ear punches 24 h after chal-
lenge. The values are presented as means ± SD (n = 10). Significant differences
compared to control group are designated as *P < .05 and **P < .01.
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dent manner (Table 3). The results indicated that HCLPS-1 could
significantly induce the activation potential of T and B cells in mice
in vitro and in vivo.

The DTH reaction is a cell-mediated pathologic response in-
volved with T cell activation and the production of many cytokines
(Black, 1999). The effect of HCLPS-1 on DNFB-induced DTH reac-
tions in mice was also measured, and the results were shown in Ta-
ble 4. HCLPS-1 could significantly enhance the ear swelling in
DNFB-induced mice at the doses of 60 and 80 mg/kg (P < .05 or
P < .01). The results further confirmed that HCLPS-1 could promote
the specific cellular immune response.

In conclusion, the water-soluble polysaccharide HCLPS-1 from
clam of H. cumingii could improve both specific and non-specific
cellular immune response, and be explored as a potential natural
immunomodulator. The further studies are needed to elucidate
the structure, function, their relationships and mechanisms
responsible for its immunological activities.
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