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a  b  s  t  r  a  c  t

A  new  polysaccharide  (designated  BSPF2),  with  a molecular  weight  of 2.35  ×  105 Da, was  isolated  from
the  tubers  of Bletilla  striata.  It contained  mannose,  glucose,  and  galactose  in  a  molar  ratio  of  9.4:2.6:1.0.
The  acetyl  content  of BSPF2  was  estimated  to  be 2.9%,  and  acetyl  groups  were  located  in positions  3  and
6 of  mannosyl  residues.  The  structural  features  were  elucidated  by  a combination  of monosaccharide
composition  analysis,  periodate  oxidation,  partial acid hydrolysis,  acetolysis,  and  methylation  analysis.
eywords:
letilla striata
olysaccharide
tructure
lucomannan

mmunobiological activity

The results  indicated  that  the  backbone  of BSPF2  consisted  of  (1 →  4)-linked  mannosyl  residues  and
(1  → 4)-linked  glucosyl  residues  in  a molar  ratio  of  2:1.  About  three  fifths  of  glucosyl  residues  in  the
backbone  were  branched  at O-6 position,  and  the  terminal  sugar  residues  were  composed  of  mannosyl
residues.  Immunological  assay  results  demonstrated  that BSPF2  significantly  induced  the  spleen  cell
proliferation  in a dose-dependent  manner.

© 2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Bletilla striata (Thunb.) Reichb.f. belongs to the Orchid family.
t is mainly distributed in China, North Korea, Japan and Burma.
he tubers of B. striata is a well-known traditional Chinese herb
nd is used to treat swollen tissues, skin cracks, freckles, burns
nd abscesses. Pharmacological researches have shown that herbal
olysaccharides are an important functional factor in traditional
hinese medicine. The tubers of B. striata contains a lot of polysac-
haride. It was reported that B. striata polysaccharide could induce
he proliferation of human umbilical vascular endothelial cells
nd vascular endothelial growth factor (Wang et al., 2006). Fur-
hermore, it was also found that B. striata polysaccharide could
ct on macrophage and simulate cells to expression some proin-
ammatory cytokines (Diao et al., 2008). However, there are little
eports on the structural features of B. striata polysaccharide. An

arly publication reported that a B. striata polysaccharide contained
annose and glucose in a molar ratio of 3:1, with the backbone

onsisting of (1 → 4)-linked aldohexopyranosyl residues (Tomoda,

∗ Corresponding author. Tel.: +86 29 87091746; fax: +86 29 87091746.
∗∗ Corresponding author. Tel.: +86 451 55191137; fax: +86 451 55190720.

E-mail addresses: pengqiang@nwsuaf.edu.cn, pengqiang3931@163.com
Q. Peng), lileaf@163.com (M.  Li), xuefengscholar@126.com (F. Xue),
uajingliu@neau.edu.cn (H. Liu).

ttp://dx.doi.org/10.1016/j.carbpol.2014.02.042
144-8617/© 2014 Elsevier Ltd. All rights reserved.
Nakatsuka, Tamai & Nagata, 1973). Another B. striata polysaccha-
ride was  reported to be composed of mannose and glucose in a
molar ratio of 2.4:1.0, with the molecular weight of 1.35 × 105 Da
(Wang et al., 2006). These results indicated that B. striata polysac-
charide contain more than one kind of fractions.

In the present study, a novel polysaccharide fraction (BSPF2)
was isolated from the tubers of B. striata.  The structural features of
BSPF2 was elucidated by monosaccharide composition, periodate
oxidation, partial acid hydrolysis, acetolysis, and methylation anal-
ysis. Further, the immunobiological activity of BSPF2 was  analyzed
by 3H-thymidine incorporation method.

2. Materials and methods

2.1. Plant material

The tubers of Bletilla striata was  purchased from Huike Botanical
Development Cooperation, PR China. The plant material was oven-
dried at 60 ◦C and subsequently crushed into powder.

2.2. Chemicals
Standard monosaccharides and T-dextran series of different
standard molecular weights were purchased from Sigma Chemical
Co. (USA); DEAE-Cellulose-52 was purchased from Yuanye biologi-
cal technology Co. (Shanghai, China); Bio-gel-P-300 was  purchased
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rom Bio-Rad Co. (USA); Dowex 50 WX8-400 cation exchange
esin was purchased from Sigma–Aldrich (St. Louis, MO,  USA); LPS
Escherichia coli 055:B5) was purchased from Sigma–Aldrich (St.
ouis, MO); other reagents used were of analytical grade and sup-
lied by Sinopharm Chemical Reagent Ltd. Co., (Shanghai, China).

.3. Analytical methods

The carbohydrate content was determined by the phenol-
ulfuric acid method using dextran as a standard (Dubois, Gilles,
amilton, Rebers & Smith, 1956). The protein content was  esti-
ated by the method of Bradford using ovalbumin as a standard

Bradford, 1976). A UV scan in the region of 200–400 nm was
erformed on the spectrophotometer. Starch contamination was
stimated by treatment with pancreatic �-amylase (Asamizu &
ishi, 1979). The homogeneity and molecular weight of samples
ere determined by high performance gel permeation chromatog-

aphy on a TSK-Gel G4000SW column, using a Waters Alliance 2414
efractive index detector (Alsop & Vlachogiannis, 1982). Acetyl
roups were located according to the method of De-Belder (De
elder & Norrman, 1969).

.4. Isolation and purification of B. striata polysaccharide

The B. striata tubers powders (1000 g) was extracted with ace-
one at 50 ◦C for 4 h. After filtration, the residue was  suspended in
000 mL  distilled water and extracted for 2 h at 80 ◦C. After suc-
ion filtration, the extraction was similarly repeated. All extraction
olutions were pooled and concentrated with a rotary evaporator
t 40 ◦C. A 4-fold volume of ethanol was added to the extracts.
he precipitate was treated with Sevag reagent (Navarini et al.,
999) to remove proteins and dialyzed against distilled water for
8 h. After lyophilization, crude B. striata polysaccharide (CBSP)
as obtained. CBSP was dissolved in distilled water at 45 ◦C with

ontinuous stirring and the solution was adjusted to pH 9.0 with
queous ammonia. After stirring for another 4 h, the solution was
eutralized with 1 mol/L HCl followed by dialysis and lyophiliza-
ion. This decolorized CBSP (1.0 g) was dissolved in distilled water
nd applied to a anion-exchange column (6.0 cm × 55.0 cm)  of
EAE-Cellulose-52. The column was first washed with distilled
ater, and then eluted with a step gradient (0.05, 0.10 and

.15 mol/L NaCl) at a flow rate of 1 mL/min. Sugar-positive fractions
ere combined, concentrated, dialyzed against distilled water, and

yophilized. The obtained fractions were designated as BSP1, BSP2,
SP3 and BSP4, respectively. BSP2 (80 mg)  was further purified
y gel permeation chromatography on a Bio-Gel P-300 column
1.5 cm × 100 cm)  using 0.1 mol/L NaCl solution as an eluent. The
ractions corresponding to the main carbohydrate-containing peak
f the chromatography elution profile were pooled. Then the puri-
ed polysaccharide BSPF2 was obtained.

.5. Determination of monosaccharide composition

Polysaccharides (2 mg)  was hydrolyzed with 2 mol/L trifluo-
oacetic acid (2 mL)  at 120 ◦C for 2 h. The hydrolyzate was
vaporated with a rotary evaporator. Neutral sugars and uronic
cids were simultaneously detected by GC using the method
escribed previously (Lehrfeld, 1985). GC was performed by a
himadzu GC2010 equipped with a capillary column of rtx-

ms  (30.0 m × 0.25 mm × 0.25 �m).  The temperature program was:
80 ◦C. for 2 min, then to 210 ◦C. at 6 ◦C/min, then to 215 ◦C at
.3 ◦C/min, then to 240 ◦C at 6 ◦C/min for 45 min  N2 was  used as
he carrier gas at 0.6 mL/min.
mers 107 (2014) 119–123

2.6. Periodic acid oxidation and Smith degradation

BSPF2 was  oxidized with 0.04 M NaIO4 in the dark at 4 ◦C until
stabilization of periodate consumed (Ghosh et al., 2008; Hu, Kong,
Yang & Pan, 2011). The excess periodate was destroyed by adding
ethylene glycol, and the solution was  dialyzed against distilled
water for 2 d. After it was reduced with NaBH4 at 25 ◦C for 12 h,
the residue was subjected to complete hydrolysis with 2 mol/L tri-
fluoroacetic acid. The acid was removed by co-distillation with
methanol under vacuum. Finally, the products were acetylated and
analyzed in GC by using the same method as described in Section
2.5.

2.7. Selective hydrolysis of the branched polysaccharide

BSPF2 (80 mg  for each hydrolysis) was dissolved in 10 mL of
0.02 mol/L H2SO4 and heated at 80 ◦C for 8 h and 12 h (Peng et al.,
2012). The resulting solution was  neutralized with NaOH and dia-
lyzed against distilled water using membranes with size exclusion
3.5 kDa, and retained polymeric samples were lyophilized, giving
rise to HP8 and HP12 fractions, respectively.

BSPF2 (80 mg)  was  acetylated by a mixture of acetic anhydride,
acetic acid and sulfuric acid (10:10:1, v/v, 10 mL) at 20 ◦C for 18 h
(Wu,  Sun & Pan, 2006). The resulting solution was  neutralized with
sodium hydrogen carbonate and was further purified on a Sephadex
G-10 column, giving the partially acetylated polysaccharide AP1
and oligosaccharide fractions AP2. All the above samples were sub-
mitted to sugar composition analysis and methylation analysis.

2.8. Methylation analysis

Samples were methylated using modified Ciucanu method as
described previously (Needs & Selvendran, 1993). The methyla-
tion procedure was repeated three times. Next, the samples were
hydrolyzed with 2 mol/L trifluoroacetic acid (121 ◦C, 2 h), reduced
with NaBH4, and acetylated to convert into their partially methyl-
ated alditol acetates. The resulting alditol acetates were analyzed
by GC and GC–MS. Peaks of methylated sugars were identified by
their mass spectra. Their relative molar ratios were estimated from
the peak areas of GC and corresponding response factors. Response
factors of partially methylated and alditol acetates are calculated
by the effective carbon response (Sweet, Shapiro & Albersheim,
1975). GC–MS was  performed using a Shimadzu instrument GCMS-
QP2010 equipped with an electron impact ion source. The capillary
column used was rtx-5ms (30 m × 0.25 mm × 0.25 �m);  the tem-
perature program was: 140 ◦C. for 2 min, then to 250 ◦C. at 2 ◦C/min
in 30 min. Helium was used as a carrier gas and the flow rate was
0.6 mL/min. The temperatures of the interface and the ion source
were 200 ◦C and 250 ◦C, respectively.

2.9. Spleen cells proliferation assay

Balb/C mice were sacrificed. The spleen was  aseptically removed
and minced through a 40 �m nylon cell strainer to achieve single
cell suspension. Red blood cells were depleted with Tris-NH4Cl lysis
buffer. 5 × 105 spleen cells were stimulated with PSPF2 at serial
concentrations, including 10, 50, 100 �g/mL. LPS (5 �g/mL) was
positive control for the proliferation of the spleen cells. The cells
were cultured in RPMI-1640 medium, supplemented with 10% FBS,
penicillin (100 U/mL) and streptomycin (100 �g/mL) at 37 ◦C in a
5% CO2 humidified incubator for 72 h and were pulsed with 3H-

thymidine (1 �Ci/well) for the last 18 h. The cells were harvested
on glass fiber filters using a Filtermate cell harvester (Packard).
The amount of 3H-thymidine incorporated into cells was measured
using a �-scintillation counter (BECKMAN LS6500). The results are
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(1 → 2)-linked, (1 → 4)-linked, (1 → 6)-linked, (1 → 2,6)-linked or
(1 → 4,6)-linked.

To obtain more information about the sugar linkages, BSPF2
was subjected to methylation analysis. After complete methylation,

Table 1
Monosaccharide composition of BSPF2 and its hydrolysates.

Fractions Sugar composition (%)

Man  Glc Gal

BSPF2 72.4 19.9 7.7
HP8  66.7 23.7 9.6
ig. 1. Elution profile of BSPF2 on high performance liquid gel permeation chro-
atography.

xpressed as cpm (counts per minute) of stimulated cells and cpm
f unstimulated cells.

. Results and discussion

.1. Isolation of polysaccharide from B. striata tubers

For purpose of removing lipids and hydrophobic components,
he B. striata powder was extracted with acetone, and the super-
atant was removed. The residue was extracted with hot water,
iving a crude polysaccharide sample, CBSP. The CBSP was  obtained
n a yield of 4.4% based on the dried weight of the plant pow-
er. CBSP was composed of glucose, mannose and galactose in

 molar ratio of 1.0:5.4:0.7. The carbohydrate content of CBSP
as 91.3% and the protein content was 2.6%. CBSP was sepa-

ated by anion exchange chromatography, which was successively
luted with H2O, 0.05, 0.10 and 0.15 mol/L NaCl. Four polysac-
haride subfractions, named as BSP1, BSP2, BSP3, and BSP4, were
btained. The component monosaccharides of BSP1 were man-
ose and glucose, and the molar ratio of them was 3.2:1.0, which
as basically the same with previous research (Tomoda et al.,

973). BSP2 was the dominant sub-fraction accounting for 54.7%
f the total polysaccharide recovered from the anion exchanger.
SP2 was further purified by gel permeation chromatography on

 Bio-Gel-P 300 column. A polysaccharide fraction was  obtained
ith a yield of 0.9% of the B. striata tubers and named BSPF2. The
omogeneity and molecular weight of BSPF2 were determined
y high-performance gel permeation chromatography. The elution
rofile showed a single and symmetric sharp peak (Fig. 1), indi-
ating that BSPF2 was a homogeneous polysaccharide. The linear
egression was calibrated with dextrans 10,000, 40,000, 80,000,
20,000, 200,000 and 400,000. The calibration curve equation is:
og MW = 5.3089 − 2.3825X, R2 = 0.9908, in which MW denotes the
olecular weight of the standard dextran and X is the retention

ime. According to the retention time, the molecular weight of
SPF2 was estimated to be 2.35 × 105 Da.

.2. Characterization of polysaccharide from B. striata tubers

BSPF2 was resistant to �-amylase, thus proving the absence of
tarch. The total carbohydrate content of BSPF2 was  96.2% accord-
ng to the phenol-sulfuric acid method; the protein was absent
ccording to the Bradford method. Ultraviolet spectrum of BSPF2
howed that absorption peaks at 260 nm and 280 nm were not
etected, further suggesting the absence of nucleic acid and pro-
ein in BSPF2. The sulfate-carbazole method showed the absence
f uronic acid (Bitter & Muir, 1962). BSPF2 was  hydrolyzed with
rifluoroacetic acid, and the constituent monosaccharides were
onverted into alditol acetates. The GC chromatogram of the alditol

cetates of monosaccharides was shown in Fig. 2. BSPF2 was com-
osed of three kinds of monosaccharides, namely mannose, glucose
nd galactose in a molar ratio of 9.4:2.6:1.0. Thus BSPF2 had
ifferent properties from the B. striata polysaccharide described
Fig. 2. Gas chromatography of alditol acetate derivatives of acid hydrolyzates of
BSPF2. Column: rtx-5ms (30 m × 0.25 mm × 0.25 �m);  temperature: 180 ◦C (2 min)
–  6 ◦C/min, 240 ◦C (45 min); carrier gas: N2 (0.6 mL/min).

in the former report (Tomoda et al., 1973). Its monosaccharide
composition was summarized in Table 1. The results indicated
that mannose and glucose were the predominant monosaccha-
ride, implying the presence of glucomannan. On the other hand,
the acid hydrolysate of BSPF2 was  analyzed directly by GC. A obvi-
ous peak was  identified as acetic acid, demonstrating the presence
of O-acetyl groups in BSPF2. The acetyl content of the polymer was
2.9%, and the degree substitution (DS) was  0.11 (Liu et al., 2012).
In order to make clear the location of O-acetyl groups in BSPF2, it
was determined by reation with methylvinyl ether, deacetylation,
methylation, hydrolysis, reduction and acetylation. These deriva-
tives contained 1,2,4,5,6-penta-O-acetyl-3-O-methyl-mannitol,
1,2,4,5-tetra-O-acetyl-3,6-di-O-methyl-mannitol, hexa-O-acetyl-
mannitol, hexa-O-acetyl-glucitol and hexa-O-acetyl-galactitol in a
molar ratio of 1.0:0.4:9.9:3.1:1.3. Since methyl groups in the deriva-
tives marked the positions originally occupied by acetyl groups, the
result indicated that the acetyl groups were attached to positions
3 and 6 of mannosyl residues, and approximately 12.4% of manno-
syl residues had acetyl groups. The polysaccharide also contained
unsubstituted glucosyl and galactosyl residues.

3.3. Structural analysis of polysaccharide from B. striata tubers

Glycosidic linkage location of polysaccharides may  be preli-
minarily determined by consumption of NaIO4 and production
of HCOOH in periodic acid oxidation. BSPF2 was completely oxi-
dized in 4 d with 0.04 M sodium periodate at 4 ◦C. In the periodic
acid oxidation, 1 mol  glycosyl consumed 1.170 mol  NaIO4 then pro-
duced 0.157 mol  HCOOH. On account of formic acid liberation after
periodate oxidation, it was indicated that the non-reducing ter-
minal residues or (1 → 6)-linked glycosidic bonds were existed in
BSPF2. The periodate-oxidized products of BSPF2 were reduced,
hydrolyzed, acetylated and analyzed by GC. The glycerol and ery-
thritol were found with the molar ratio of 1.0:5.1. Mannose, glucose
and galactose were not found in the hydrolyzed products. The
results indicated that mannosyl, glucosyl and galactosyl residues
were in linkages that can be oxidized, namely (1 →)-linked,
HP12 60.2 28.2 11.6
AP1  65.9 34.1 –
AP2  78.8 – 21.2

–: Not detected; Man: mannose; Glc: glucose; Gal: galactose.
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Fig. 3. The hypothetical stru

ydrolysis and alditol acetate derivatization, partially methylated
lditol acetates were analyzed by GC and GC–MS. Based on meth-
lation analysis (Table 2), it could be suggested that BSPF2 is a
ranched polysaccharide, containing non-reducing termini of man-
ose and branches of (1 → 4)-linked mannose, (1 → 4,6)-linked
lucose, (1 → 4)-linked glucose and (1 → 6)-linked galactose. And
he molar ratio of glycosyl residues was in good agreement with
he results of periodate oxidation and Smith degradation. The num-
er of branch points was equal to the number of terminal units,
howing that BSPF2 was fully methylated. The methylation analy-
is results showed that the dominating glycosyl residues of BSPF2
ere mannosyl residues and glucosyl residues, which was  con-

istent with the result of monosaccharide composition analysis,
mplying that the polysaccharide was a glucomannan.

In order to elucidate the linkages between backbone and side
hains of polysaccharides, partial acid hydrolysis of BSPF2 was
arried out for 8 and 12 h, which gave rise to hydrolysates HP8
nd HP12, respectively. The molecular weight of HP8 and HP12
ere 1.91 × 105 Da and 1.59 × 105 Da, respectively. The monosac-

haride composition of HP8 and HP12 were listed in Table 1. It
howed that the amount of mannose decreased as the hydrol-
sis time increased. Compared with BSPF2, obvious increases of
lucose and galactose in HP12 were observed, confirming the pres-
nce of mannose in side chains of the polysaccharide. Glucose was
ikely located on the backbone of BSPF2. Further detailed structural
nformation was investigated by methylation analysis of HP8 and
P12. HP12 contained six glycosyl residues, namely terminal man-
osyl, terminal galactosyl, (1 → 4)-linked mannosyl, (1 → 4)-linked
lucosyl, (1 → 6)-linked galactosyl and (1 → 4,6)-linked glucosyl
esidues in a molar ratio of 1:1:10:3:1:2 (Table 2). HP12 had high
roportions of (1 → 4)-linked mannosyl residues, (1 → 4)-linked
lucosyl residues and (1 → 4,6)-linked glucosyl residues, in accord
ith polymers comprising a glucomannan backbone, which were

ubstituted at the O-6 or O-4 of glucosyl residues by side chains.
ompared to BSPF2, the amount of (1 → 4)-linked mannosyl and
1 → 6)-linked galactosyl residues of HP12 decreased, indicating

he presence of (1 → 4)-linked mannosyl and (1 → 6)-linked galac-
osyl residues in side chains. With hydrolysis time extension, the
ew terminal galactosyl residues in HP12 were accompanied by the

able 2
he results of methylation analysis of BSPF2 and its hydrolysates.

Methylated sugara Deduced linkageb Molar ratio

BSPF2 HP8 HP12 AP1

2,3,4,6-Me4-Man Man (1→ 2 2 1 –
2,3,4,6-Me4-Gal Gal(1→ – – 1 –
2,3,6-Me3-Man →4) Man  (1→ 16 12 10 10
3,6-Me2-Glc →2,4) Glc (1→ 3 3 3 5
2,4,6-Me3-Gal →3) Gla (1→ 2 2 1 –
2,3,6-Me3-Glc →4) Glc (1→ 2  2 2 –

: Not detected.
a Analyzed by GC–MS, after per-O-methylation, total acid hydrolysis, reduc-

ion, and acetylation. 2,3,4,6-Me4-Man = 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-
annose, etc.
b Based on derived O-methylalditol acetates.
 of the repeat unit of BSPF2.

decrease of (1 → 6)-linked galactosyl residues, suggesting that O-6
position of galactosyl residues were substituted by (1 → 4)-linked
mannosyl residues in side chains. After partial acid hydrolysis, the
decrease of (1 → 6)-linked galactosyl residues was probably due to
the hydrolysis at O-6 position of galactosyl residues and the con-
version of (1 → 6)-linked galactosyl residues to terminal galactosyl
residues. Similarly, a small number of (1 → 4,6)-linked glucosyl
residues (5.6%) was  identified in HP12, indicating that side chains
had not been fully hydrolyzed by 0.02 mol/L H2SO4 at 80 ◦C for 12 h.

After partial acetolysis of BSPF2, two  fractions AP1 and AP2
were obtained by Sephadex G-10 chromatography. Based on HPLC,
AP1 was a homogeneous polymer, with the molecular weight of
1.51 × 105 Da, which was  not probably caused by some degradation
of the backbone. The results of methylation analysis (Table 2) indi-
cated AP1 was a linear (1 → 4)-linked glucomannan, with a high
proportion of mannosyl residues (66.7%). No branched glycosyl
residues were found, suggesting that side chains had been entirely
cleaved by acetolysis. Partial acetolysis resulted in disappearing of
(1 → 4,6)-linked glucosyl residues and the conversion of (1 → 4,6)-
linked glucosyl residues to (1 → 4)-linked glucosyl residues. The
result was in accordance with previous observations that (1 → 6)-
linked glycosidic bond was easily cleaved by acetolysis (Rosenfeld
& Ballou, 1974). Galactosyl residues was not detected in AP1, sug-
gesting that all (1 → 6)-linked galactosyl residues were located at
sidechains. These results indicated that the backbone of BSPF2 was
partially substituted at O-6 of glucosyl residues by (1 → 6)-linked
galactosyl residues. AP2 was  identified as a mixture of oligosac-
charides by ESI-MS, and it was composed of only mannose and
galactose (Table 1), further confirming that (1 → 4)-linked and
(1 → 4,6)-linked glucosyl residues were all in the main chain of
BSPF2.

3.4. Structural model of polysaccharide from B. striata tubers

Based on the linkages analysis results of intact and partially
degraded BSPF2, a hypothetical structure of an average repeating
unit of BSPF2 was shown in Fig. 3. BSPF2 was made up of a backbone
of (1 → 4)-linked mannosyl residues and (1 → 4)-linked glucosyl
residues in a molar ratio of 2:1, three fifths of glucosyl residues in
the backbone were substituted at O-6 position with side chains. Its
branches were composed of (1 → 6)-linked galactosyl residues and
(1 → 4)-linked mannosyl residues, and the terminal sugar residues
were mannosyl residues.

3.5. Immunological activity of polysaccharide from B. striata
tubers

In order to avoid false positive of the immunological test of
the polysaccharides, possible LPS contamination of BSPF2 was
excluded using Tachypleus amebocyte lysate assay (obtained from
Chinese Horseshoe Crab Reagent Manufactory, CO., Ltd., Xia-

men, China), with the LPS concentration lower than 0.1 EU/�g.
To observe the immune activity of BSPF2, mouse spleen cells
were stimulated with BSPF2 at 10–100 �g/mL for 72 h. In order
to quantify the proliferation rate, the DNA synthesis as revealed
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Fig. 4. Effects of BSPF2 on spleen cells proliferation. 5 × 105 mouse spleen cells were
stimulated with 10, 50, 100 �g/mL of BSPF2 and positive inducer LPS at 5 �g/mL for
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2  h. Cell proliferation was measured by 3H-thymidine incorporation assay. Val-
es are mean ± S.D. of triplicate determinations. LPS (5 �g/mL) serves as a positive
ontrol. Control is RPMI-1640. **p < 0.01 compared with RPMI-1640 control.

y incorporation of 3H-thymidine was determined in the treated
pleen cells. As shown in Fig. 4, BSPF2 induced spleen cell pro-
iferation in a dose-dependent manner. At 100 �g/mL, BSPF2
ignificantly enhanced spleen cell proliferation by about 2.4-fold.
his maximum induction was slightly less than that of LPS at

 �g/mL. Therefore, BSPF2 was characterized by a strong stimu-
ation of proliferation of mouse spleen cells.

. Conclusion

In the present study, a polysaccharide (BSPF2) was isolated from
he tubers of Bletilla striata.  BSPF2 was a novel galactomannan,
ith a main chain composed of (1 → 4)-linked mannosyl residues

nd (1 → 4)-linked glucosyl residues in a molar ratio of 2:1. The
ackbone was partially substituted at O-6 of glucosyl residues by
alactosyl residues and mannosyl residues. Moreover, BSPF2 was
ound to stimulate spleen cells proliferation. On the basis of this
nding, it was suggested that BSPF2 may  be a good source for
he development of immunomodulator in clinic. Further investi-
ations are necessary to elucidate mechanisms responsible for its
mmunological activities.
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