J Food Sci Nutr
Vol 9, p 21 ~28 (2004)

J Food Science
and Nutrition

Characterization and Purification of Anti-Complement Polysaccharide from
Spirodela polyrhiza

Jin-Gi Minf, Doo-Seog Lee, Jeong-Heum Park, Moon-Soo Heo',
Tae-Jin Kim’, Kil-Bo Shim’ and Young-Je Cho’

Sanitation and Processing Research Division, National fisheries R & D Institute, Busan 619-900, Korea
IFaculty of Marine Science, Cheju National University, Jeju 690-756, Korea
*Faculty of Food Science and Biotechnology, Food Science and Technology Major,
Pukyong National University, Busan 608-737, Korea

Abstract

We purified and characterized a crude polysaccharide from Spirodela polyrhiza with anti-complement ac-
tivities. The crude polysaccharide fraction (SP-0) which had potential anti-complement activity was extracted
in hot water for 4 hrs at 100°C. The ethanol-precipitate, the crude polysaccharide fraction (SP-1), showed
a potent anti-complement activity. Further purification of the crude polysaccharide (SP-1) was carried out
by cetavlon, ion exchange chromatography and gel column chromatography. Among cetavilon fractions, SP-4
showed the most potent anti-complement activity. When 100 pg/mL of SP-4 was incubated with an equal
volume of normal human serum (NHS), the TCHs) was reduced by about 78%. When the SP-4 fraction was
futher purified by DEAE-Sepharose (CI), the SP-41la, SP-411b and SP-41lc, absorbed fractions, were almost
the same as the anti-complement activities of SP-4. SP-4Ilc, having the greatest potential activation and
the highest yield by ion exchange chromatography, was further purified by gel column chromatography on
a Sepharose CL-6B column. Four polysaccharide fractions of SP-4llc-1, SP-411c-2, SP-4IIc-3 and SP-41lc-4
were obtained, consisting mainly of arabinose, rhamnose, galactose and glucose, with approximate molecular
weights of about 305,000, 132,000, 64,000 and 12,000, respectively. Among these subfractions, SP-4Ilc-1 had
the most potent anti-complement activity. When the SP-4Ilc-1 aggregate was applied to a gel column chro-
matography in 10 mM and 50 mM NaCl solution, the position of the peak fractions shifted to a low molecular
weight region, and the molecular weight of SP-4Ilc-1 decreased with increased NaCl concentration in the gel
column chromatography. It was found that the self-aggregation formed spontaneously in void volume by gel
column chromatography using Sepharose CL-6B in water and the self-aggregation significantly affected the

anti-complement function.

Key words: anti-complementary, polysaccharide, Spirodela polyrhiza

INTRODUCTION

The complement system consists of over 20 serum
proteins including nine complement components of C1 to
C9 and their regulators. It is important in initiating in-
flammation, and its activation might result in opsoniza-
tion, activation of leukocytes, mast cell degranulation or
lysis of target cells by the end product C5b-9 of the
cascade. The complement system is a major complement
of the immune system response to pathogens, with or
without the involvement of antibodies (1,2).

In general, the complement system is activated in two
ways. The first activation way is the classical pathway
which is mediated by an immune complex including
IgM or IgG. The second pathway is the alternative path-
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way, which does not require antibodies and directly ac-
tivates C3.

The classical pathway begins with interaction with the
Clq subcomponent formed by complement activator (an-
tibody-antigen complex). Binding of Clq in turn con-
verts Clr in the C1 complex into its proteolytically active
form Clr. Clr activates the serine proteinase proenzyme
Cls, to form Cls, which in turn cleaves and activates
C4 and C2 which form the complex proteinase C4b2a2b,
the ‘C3 convertase’ of this pathway. Since activated C4,
like C3, can undergo covalent binding reactions, the con-
vertase enzyme becomes localized on the surface of the
complement activator. C3 is cleaved by the proteoly-
tically active subunit, C2a, of the convertase. C3b, which
is deposited covalently on the complement activator
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surface close to the site of attachment of the convertase,
this serves as a binding site for C5, which is then ac-
tivated by the convertase. Activation of C5 is followed
by non-enzymatic assembly of the C5b6789 lytic com-
plex. Initial events in the activation of the alternative
pathway are less well understood, but early events in-
clude the assembly of a C3bB complex on the surface
of the activator. This is in tumn activated by factor D
to form the C3bBb complex, which is homologous to
C4b2a2b and is the ‘C3 convertase’ of the alternative
pathway (3). In order to activate the complement system
through the above pathways, various polysaccharides
have recently been purified from natural plant materials.
In particular, there are 2 kinds of arabibogalactans and
4 kinds of pectic arabinogalactans fractionated from root
of Angelica acutiloba (4-6), acidic heteroglycan from
leaves of Artemisia princeps (7) and stem of Coix lach-
ryma-jobi var. ma-yuen (8), acidic heteroglycan of three
kinds from leaves from Panax ginseng (9,10), and he-
terogalactan from Arcae pericarpium (11).

The materials, which have been demonstrated to acti-
vate the complement system, hint at the possibility that
they can be developed into biological response modifiers
(BRM) for preventing and treating diseases (12-14).

We attempted to purify and characterize anti-com-
plement polysaccharides from Spirodela polyrhiza, which
is used for oriental medical purposes in Korea.

MATERIALS AND METHODS

Materials

Spirodela polyrhiza, a freshwater aquatic plant also
known in English as giant duckweed, was purchased for
experimental use at Pusan-Jin market in Pusan, Korea.
DEAE-Sepharose Fast Flow, Sepharose CL-6B, EDTA-
gelatin veronal buffered saline (EDTA-GVB"", pH 7.4),
pronase, and sodium periodate were obtained from Sigma
Co., Ltd., Dialysis membranes (MWCO: 1,000) were
purchased from Spectrum Co.

General method

The total carbohydrate and uronic acid contents were
determined by the phenol-sulfuric acid method (15) and
the m-hydroxydiphenyl method (16), respectively, using
glucose and galacturonic acid as the respective standards.
The amount of protein was assayed by the method of
Lowry et al. (17) with bovine serum albumin as the stan-
dard.

Purification of crude polysaccharide

The dried leaves of Spirodela polyrhiza (600 g) were
decocted with hot water and lyophilized to make a dried
extract. The lyophilized extract (SP-0) was refluxed with

methanol (3 L) for 2h, and then the methanol insoluble
precipitate was dissolved in distilied water. The addition
of ethanol (5 volumes) gave a precipitate that was col-
lected by centrifugation and redissolved in distilled water.
The distilled water soluble fraction as dialysed against
running distilled water through Visking cellophane tub-
ing, and the crude polysaccharide (SP-1) was obtained
as the lyophilisate of the internal solution.

Crude polysaccharide (SP-1) was fractionated into three
fractions (SP-2, SP-3, SP-4) as 8% solution of cetyltri-
methylammonium bromide (cetavlon) by the method of
Yamada et al. (5). SP-4 was applied to a DEAE-Sepharose
Fast Flow column (3.2X45 cm) with chloride as the
counter-ion. The column was first eluted with water at
1 mL/min, followed by NaCl gradient (0~1 M), and then
the carbohydrate profile was determined using phenol-
sulfuric acid. When the column was eluted with distilled
water, the first fraction, non-binding fraction (SP-4I) from
the column was obtained. And when eluted by NaCl so-
lution, binding fractions (SP-41la, SP-41Ib, SP-4llc, SP-
411d) were fractionated.

For further purification, the SP-41Ia was purified as
SP-4lIlc-1, SP-4Hc-2, SP-4Ilc-3 and SP-4llc-4, respec-
tively, according to molecular weight by gel filtration
(Fig. 1).

Methanolysis and GC

The polysaccharide samples (100 g) and standards
(100 nmol) together with myo-inositol were dried in a
vacuum over at P,Os for 24 h, and then subjected to
methanolysis with methanolic HCI for 16 h at 70°C (18).
The samples were dried under nitrogen at room tem-
perature, 2-methyl-2-propanol was added and the sam-
ples were dried again. Prior to trimethylation, the sam-
ples.were vacuum dried at P,Os for 4 h.. The samples
were subjected to gas chromatographic analysis on a
Varian 3400 instrument equipped with a flame ionization
detector and a split-spilitless injector. The column was
a DB-1 fused silica capillary column (30 m, 0.32 mm
i.d) with a film thickness of 0.25 m. Helium was used
as carrier gas at a flow rate of 3.0 mL/min. Both injector
and detector temperatures were 280°C. The column tem-
perature was initially 140°C (15 min), then increased at
a rate of 15°C/min to 170°C (1 min), followed by an
increase at 10°C/min to 250°C (6 min) and then 15°C/min
to 290°C (10 min).

Pronase digestion of the crude polysaccharide

SP-1 (200 mg) was dissolved in 50 ml of 50 mM Tris-
HCI, pH 7.9, containing 10 mM CaCl,, and then 50 mg
of pronase was added. The reaction mixture was incu-
bated at 37°C for 48 h with a small amount of toluene.
The reation was terminated by boiling for 5 min. The
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Fig. 1. Preparation of crude polysaccharide from Spirodela polyrhiza.

mixture was then dialysed against distilled water for 2
days, and the non-dialysable portion was lyophilized to
obtain the SP-1 pronase digest.

Periodate oxidation of the crude polysaccharide

SP-1 (50 mg) was dissolved in 30 mL of 50 mM ac-
etate buffer, pH 4.5, and then 50 mM NalO, (10 mL) was
added. The reaction mixture was incubated at 4°C in the
dark for 3 days. Ethylene glycol (5 mL) was added to
destroy the excess periodate, and the mixture was dia-
lysed against distilled water for 2 days. The non-dialysable
solution was concentrated while being continuously stir-

red for 12 h at room temperature. After the neutralization
of the reaction mixture with acetic acid, the H:BO; in
the sample was removed by the repeated addition and
evaporation of methanol. Finally, the oxidized SP-1 was
obtained as the lyophilisate after dialysis

Anti-complement activity

Gelatin-veronal-buffered saline (pH 7.2) containing 500
M Mg and 150M Ca"™ (GVB") was prepared as pre-
viously described (19). Normal human serum (NHS) was
obtained from a healthy adult. Various dilutions of poly-
saccharide fractions in distilled water, polysaccharides
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(50 pL) were incubated with 50 pL of NHS and 50 pL
of GVB"". The mixtures were incubated at 37°C for 30
min and the residual total haemolytic complement (TCHso)
was determined by a method using IgM haemolysin-
sensitized sheep erythrocytes (EA) at 1X 10° cell/mL.
NHS was incubated with distilled water and GVB™ to
provide a control. The anti-complement activities of the
polysaccharide fractions were expressed as the percent
inhibition from TCHsp of the control.

RESULTS AND DISCUSSION

Isolation of water-soluble polysaccharide

The first crude polysaccharide fraction obtained from
hot water extraction of Spirodela polyrhiza exhibited a
potent anti-complement activity. We compared extrac-
tions with different pH and extraction times. Most of
the anti-complement activity was extracted after 1 hour
(data not shown). In case of extracting with 10 and 100
mM HCI and NaOH, the anti-complementary activities
showed lower than that of SP-0 (data not shown).

As shown in Fig. 2, the SP-1, which had the methanol
soluble and the ethanol soluble materials removed from
SP-0, showed much higher anti-complement activity in
comparison with methanol (SP-M) and ethanol (SP-E)
materials. In order to further characterize the components
with anti-complement activity, SP-1 was treated with
periodate and pronase. The anti-complement activity of
the deprotainized polysaccharide did not change sig-
nificantly contrasting with that of SP-1, but the activity
was decreased by the periodate oxidation of polysac-
charide (Fig. 3). These results indicate that the carbo-
hydrate moiety is responsible for the anti-complement
activity, which is not surprising since other immuno-
modulatory activities have been reported for crude
polysaccharide fractions of the higher plants (4,7,8,20).
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Fig. 2. Anti-complementary activities of several extracts ob-
tained from Spirodela polyrhiza. SP-1, ethanol precipitate; SP-M,
methanol soluble component; SP-E, ethanol soluble com-
ponent.
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Fig. 3. Ant-complementary acitvities of polysaccharides treated
by periodate oxidation and pronase digestion.

Purification of polysaccharide by cetavlon and ion
chromatogrphy

The crude polysaccharide, SP-1, was further frac-
tionated by the addition of cetyltrimethylammonium bro-
mide (cetavlon) into three polysaccharide fractions des-
ignated SP-2, SP-3 and SP-4. SP-2 and SP-3 contained
arabinose, rhamnose, galactose and glucose as the major
neutral sugars (Table 1). In particular, SP-2 contained
high concentrations of galacturonic acid and glucuronic
acid, 20.6 and 10.8 mol%, respectively. Furthermore,
SP-2 was not very soluble in distilled water. This was
consistent with earlier reports that insoluble polysac-
charide complexs are precipitated when the acidic pol-
ysaccharides react with ammonium in cetyltrimethyl-
ammonium (21).

SP-4 also contained the similar sugars as SP-2 and
SP-3, except that its uronic acid content was the lowest
among the polysaccharide fractions (Table 1). Among

Table 1. Chemical components and yield of polysaccharide
fractions on cetyltrimethylammonium bromide treatment of
SP-1

Items SP-1 SP-2 SP-3 SP-4

Total sugar (%, w/w) 43.0 56.4 50.6 65.0
Uronic acid (%, w/w) 8.8 21.3 12.4 8.2

Protein (%, w/w) 5.1 23 5.6 6.6

Yield” (%) 652 204 94 1438

(Component of sugar) (Mol.%)
Rhamnose 10.7 9.5 11.3 10.6
Arabinose 18.3 13.1 18.7 19.9
Xylose 7.6 6.8 7.8 72
Fucose 6.5 5.3 6.9 6.9
Mannose 52 39 5.7 4.8
Galactose 19.7 18.7 19.5 23.6
Glucose 13.2 11.3 11.7 15.5
Galacturonic acid 12.0 20.6 13.0 7.7
Glucuronic acid 6.8 10.8 54 3.8

DFrom the SP-0.
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these fractions, SP-4 showed the most potent anti-com-
plement activity. When 100 pg/mL of SP-4 was incu-
bated with an equal volume of normal human serum
(NHS), the TCHso was reduced by about 78% (Fig. 4).

SP-4, the most active fraction, was further separated
into unabsorbed fraction (SP-4I) and absorbed fractions
(SP-411a, -1Ib, -IIc, -IId) by elution with a linear gradient
of NaCl (0~1 M) on a DEAE-Sepharose (Cl) column

_(Fig. 4). Among the absorbed fractions, SP-41la, SP-41Ib,
SP-41Ic and SP-4IId were eluted in 0.10~0.20 M, 0.20
~0.28 M, 0.28 ~0.34 M and 0.37~0.49 M NaCl, respec-
tively (Fig. 5).

The sugars comprising SP-4I were mainly glucose,
galactose, arabinose and mannose; with glucose ac-
counting for about 39% of the total sugars. SP-41la pri-
marily contained galactose, arabinose and glucose at the
ratio of 27.5:22.1:13.1 mol%. SP-4llc was mostly
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Fig. 4. Anti-complementary activities of the polysaccharide
fractions obtained by cetyltrimethyl ammonium bromide treat-
ment of SP-1.
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Fig. 5. DEAE-Sepharose Fast Flow (Cl" form) ion exchange
chromatography of SP-4. SP-4 was dissolved in distilled water.
Linear gradient elution was carried out with 0~1 M NaCl,
column size (3.2xX40 cm).

glucose, galactose and arabinose, but also had substantial
amounts of rthamnose as well as galacturonic acid and
glucuronic acid at 8.6 and 5.0 mol% (Table 2). The
anti-complement activities of SP-4Ila, SP-41Ib and SP-
4Ilc were similiar to that of SP-4, but those of SP-4IId
and SP-41 were very low (Fig. 6).

Purification of polysaccharide by gel chromatog-
raphy

SP-4Ilc, the most active fraction obtained by ion
exchange chromatography, was further purified by gel
column chromatography on a Sepharose CL-6B, giving
rise to broad carbohydrate peaks that co-eluted with
compounds containing uronic acids. Four polysaccharide
fractions of SP-4Ilc-1, SP-41lc-2, SP-41l¢c-3 and SP-4Ilc-
4, were obtained (Fig. 7). These consisted mainly of
arabinose, rhamnose, galactose and glucose, with lesser
amounts of xylose, fucose, mannose, galacturonic acid

Table 2. Chemical properties and yield of SP-4 subfractions obtained from DEAE-Sepharose Fast Flow (Cl’) ion exchange

chromatography
Items SP-41 SP-41la SP-41Ib SP-41lc SP-411d
Total sugar (%, w/w) 57.9 64.0 52.7 59.8 13.3
Uronic acid (%, w/w) 0.4 29 54 7.1 0.2
Protein (%, w/w) 0.5 1.7 2.5 2.3 2.4
Yield” (%) 16.5 10.1 105 15.8 21.5
(Component of sugar) (Mol. %)
Rhamnose ) 7.5 7.0 10.1 13.6
Arabinose 21.7 22.1 18.5 15.3 159
Xylose - 9.9 7.4 1.5 11.3
Fucose - 8.2 7.3 7.2 -
Mannose 15.7 55 5.7 4.6 92
Galactose 24.1 27.5 33.7 29.1 24.0
Glucose 38.5 13.1 12.9 12.6 19.1
Galacturonic acid - 6.2 44 8.6 49
Glucuronic acid - - 4.1 5.0 2.0

YFrom the SP-4.
Not detected.
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Fig, 6. Anti-complementary activities of SP-4 subfractions
obtained from DEAE-Sepharose Fast Flow (Cl) ion exchange
chromatography.

and glucuronic acid (Tabe 3). Among these subfractions,
SP-4Ikc-1 had the most potent anti-complement activity
with less activity for SP-41lc-2, SP-4lic-3, SP-4llc-4, in
that order (Fig. 8).

Yamada et al. (22,23), Kiyohara et al. (24), and Sa-
muelsen et al. (25,26) all reported that the anti-comple-
ment polsaccharides which they separated consisted ma-
inly of arabinose and galactose. SP-41Ic-1 purified in our
study also was similar to the anti-complement polysac-
charides they identified. We suggest that the anti-com-
plementary polysaccharides in Spirodela polyrhiza are
not simple polysaccharides such as lectinan (B(1—3)
glucan) but complex polysaccharides having arabinose,
rhamnose, glucose and galactose.

Average molecular weights of SP-41lc-1, 2, 3 and 4
We used a Sepharose CL-6B gel column in order
to determine molecular weight of the subfractions.
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Fig. 7. Gel column chromatography of SP-Ilc on Sepharose

CL-6B. SP-IIc was chromatography by a column (3.2 X 87 cm)

of Sepharose CL-6B eluted with 250 mM NaCl. The effluent

was collected in 4.2 mL fractions. V,, Void volume; V;, inner

volume.
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Fig. 8. Anti-complementary activites of SP-4IIc subfractions
separated by gel column chromatography on Sepharose CL-6B.

Table 3. Chemical components and yield of SP-41Ic subfractions separated by gel column chromatography on Sepha-

rose CL-6B
Items SP-41lc-1 SP-41IIc-2 SP-41ic-3 SP-411c-4
M, 305,000 132,000 64,000 12,000
Total sugar (%, w/w) 79.5 834 80.2 81.8
Uronic acid (%, w/w) 12.6 16.3 220 17.3
Protein (%, w/w) 1.7 2.1 2.4 3.1
Yield” (%) 22.4 19.6 253 13.9
(Component sugar) (Mol. %)
Rhamnose 11.6 10.7 9.2 11.0
Arabinose 16.3 13.9 14.8 15.9
Xylose 8.1 7.6 6.5 9.1
Fucose 5.6 6.0 5.7 8.0
Mannose 5.9 55 4.4 6.2
Galactose 27.2 27.7 24.5 23.3
Glucose 12.4 11.0 10.2 13.2
Galacturonic acid 9.3 12.4 18.3 7.2
Glucuronic acid 3.6 5.2 54 6.1

YFrom the SP-4Ilc.
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Fig. 9. Gel column chromatography of SP-4Ilc-1, SP-4llc-2,
SP-41lc-3 and SP-4Iic-4 on Sepharose CL-6B. This was chro-
matography by a column (3.2 X87 cm) of Sepharose CL-6B
eluted with 250 mM NaCl. The effluent was collected in 4.2
mL fractions. V,, void volume; V,;, inner volume.
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Fig. 10. Determination of molecular weights of SP-41lc-1,
SP-41Ic-2, SP-41lc-3 and SP-4IIc-4 by gel column chroma-
tography on Sepharose CL-6B. T-500, T-70, T-40 and T-10
are standard dextrans of 5X 105, 7 X 104, 4% 10* and 1x10*
molecular weight respectively. Kav = (Ve - Vo)/(Vt - Vo), Vo:
void volume, Vt: total volume, Ve: elution volume.

Because the subfractions all appeared a single peak, we
could know that the subfractions are uniform (Fig. 9).
The average molecular weights of SP-4llc-1, 2, 3 and
4 were about 305,000, 132,000, 64,000 and 12,000, re-
spectively (Fig. 10). When we measured their anti-com-
plement activities, it was revealed that the higher molec-
ular weight molecules had higher activities. Therefore,
the anti-complement activity was increased with the mo-
Iecular weight. Kweon et al. (27), Ukai et al. (28) and
Shin et al. (11) reported that there is no correlation
between activity and molecular weight, but the results
of this study were similar to those of Kiyohara et al.
(24) that the anti-complement activity of polysaccharides

from the root of Angelica acutiloba are size dependent.
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