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Introduction

It is known that complement system plays an
important role in the host defense, inflamma-
tions and allergic reactions, and its activation
occurs via both the classical and alternative
pathways. Several anti-complementary polysac-
charides have been isolated from bacteria, fungi
and plants including Chinese herbs; for example,
lipopolysaccharides'®, water-insoluble glucans
from Lentinas edodes> " and Poria cocos®,
and AR-arabinogalactan I[.,%7 and. [[,-1®
from Angelica acutiloba.

Recently, we have found the existence of a
potent anti-complementary activity in the ex-
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tracts from raw foods such as Capsici Fructus
(the fruits of Capsicum annuum L.) without
seeds, which is used as an important spice in
Korea. The objective of this study is to purify
and identify the chemical properties of the ma-
jor - anti-complementary polysaccharides from
f;Capsici Fructus.

Materials and Methods

Materials

Powder of Capsici Fructus (the fruits of Caps-
icum annuum 1..) without seeds. was purchased
at Kyung-dong-market in Kored. - Sephadex G-
100 and Sepharose CL-4B (Pharmacia Co. Lid.y
were used for gel filtration, and DEAE-Toyo
Pearl 650C was obtained from Toyo Soda Co.
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Ltd. (Japan). Pronase was purchased from Ka-
ken Kagaku Co. Ltd. (Japan).

General methods

The total carbohydrate and uronic acid con-
tents were determined by the phenol-H,SO, # and
m-hydroxybiphenyl metheds!® using arabinose
and galacturonic acid as the respective stand-
ards. Protein was determined by the method of
Lowry et al.™ with bovine serum albumin as
a standard.

Polysaccharides were hydrolyzed with 2 M
trifluorcacetic acid at 121°C for 1.5 hr. The
hydrolyzates were analyzed by TLC on cellulo-
se-coated plastic sheets(Merck, 5577) with ethyl
acetate-pyridine-acetic acid-water (5:5:1:3)
as the solvent system. Reducing sugars were
detected with alkaline silver nitrate!®, and ur-
onic acid with p-anisidine hydrochloride'®. FID/
GC (flame ionization detector/gas chromatogra-
phy, Shimadzu GC-6A) analysis was performed
on a glass column(0. 3x200cm) packed with 19
silicon OV-225 on Uniport HP at 190°C. Nitro-
gen gas was used as carrier at a flow rate of
60ml/min. Molar ratios of sugars were calcul-
ated from peak areas and molecular weights
of the corresponding alditol acetates.

Gel filtration was carried out on Sephadex G~
100 (2.6x90cm) eluted with 0.2 M NaCl. Elec-
trophoresis (cellulose acetate membrane, Toyo
Roshi Co. Ltd.) was performed in 0.08 M pyri-
dine-0.04 M acetate buffer (pH 5.4) at 70 eV
for 30 min, and toluidine blue was used for
detection. Molecular weights of polysaccharides
were estimated on Sepharose CL-4B(1.3x95cm)
using standard dextrans(T-2000, 500, 70 and
40).

Isolation of water-soluble polysaccharides

Powder of Capsici Fructus(dkg) without seeds
was extracted with methanol (4 vols, 5 times)
and centrifuged (7,500 rpm, 30 min). The super-
antant was collected apd concentrated. The cold
water(16/) was added to the residual material
and stirred in the cold room(4°C) for 24hr. The

extract was centrifuged (7,500 rpm, 30 min) to
remove inscluble material. The. supernatant
was concentrated to about 27 and 5 vols. of eth-
anol were added. The precipitate was redissolved
in H,O and dialyzed against running H,O for 3
days. The non-dialyzable portion was centrif-
uged to remove H,O-insoluble material and the
supernatant (crude polysaccharide)} was Iyoph-
ilized (CAP-0, yield 69.92).

Fractionation of crude polysaccharide(CAP-0)
Crude polysaccharide (CAP-0, 15.8g) was
dissolved in H.O (790ml) and treated with an
equal volume of an 89 solution of cetyltrime-
thylammonium bromide(cetavion) by the method
of Yamada et al**. After standing at 20°C for
20 hr, the resulting precipitate was collected
by centrifugation and redissolved in 109 NaCl.
Five volumes of ethanol were added to the sol-
ution, and the resulting precipitate ‘was disso-
Ived in H,0, followed by dialysis against run-
ning H,O. The acidic polysaccharide -fraction
(CAP-1) was then obtained as the lyophilizate
of the non-dialyzable fraction (yield; 2.3g).
The supernatant was added to an equal vol-
ume (790ml) the pH was adjusted 8.8 by the
addition of 2 M NaOH followed by stirring for
24 hr. The resulting precipitate was washed
with 0.59% Na-broate buffer (pH 8.8), and
dissolved in 2% acetic acid (300ml). Five vol-
umes of ethanol were added to the solution,
and the resulting precipitate was dissolved in
H,O, and then dialyzed. The non-dialyzable
fraction (CAP-2) was obtained as the lyophili-
zate (yvield, 2.6g). ) )
The pH of the supernatant was readjusted to
9.5 by the addition of 2 M NaOH. The resulting
precipitate was collected as the non-dialyzable
Ivophilizate (CAP—3, yield 0.3g) by the same
procedure used to obtain CAP-2. “The final
supernatant of the cetavlon {ractionation was
acidified with 29, acetic acid, and 5 volumes
of ethanol was added. The precipitate was then
washed with 29 acetic acid in ethanol and di-
ssolved in H,O, followed by dialysis. The non-
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dialyzable portion (was Iyophilized to obtain
CAP-4 (vield, 1.0g).

Ion-exchange chromatography

CAP-1 (500mg) was applied to a column(3.2
x33¢m) of DEAE-Toyo Pearl 650C (C17) eq-
uilibrated with H,0. The column was eluted
first with H,Q(500ml) until no sugar was det-
ected, and then the absorbed polysaccharide
fractions were eluted with 0, 1M~2M NaCl
(step-wise). The unabsorbed fraction (CAP-1-I)
and seven absorbed fractions after dialysis(CAP
-1-1I-VII) were obtained as lyophilizate.

Pronase digestion of the crude polysaccharide
(CAP-0)

CAP-0 (50mg) was dissolved in 50ml of 50
mM Tris-HCl, pH7.9, containing 10mM CaCl,,
and then 50mg of pronase was added. The
reaction mixture was incubated at 37°C for 48
hr with one drop of toluene. The reaction was
stopped by boiling for 5min. The mixture was
then dialyzed against H,O for 2 days, and the
non-dialyzable portion was lyophilized to obtain
the CAP-0 pronase digest.

Periodate oxidation of the erude polysaccha-
ride (CAP-0) '

CAP-0(50mg) was dissolved in 30ml of 50mM
acetate buffer, pH 4.5, and then 50mM NalO,
was added. The mixture was reacted at 4°C in
the dark for 3days. Ethylene glycol (5ml) was
added to remove the excess periodate, and the
reaction mixture dialyzed against H,O for 2
days. The non-dialyzable solution was concen-
trated to about 20ml, and then 20mg of NaBH,
was added to the concentrate with continuous
stirring for 12 hr at room temperature. After
the neutralization of the reaction mixture with
acetic acid, the oxidized CAP-0 was obtained
38 lyophilizate after dialysis.

Anti-complementary activity
Gelatin veronal-buffered saline (pH 7.4) con-
taining 500ug Mg** and 150pg Ca** (GVB*H)

Inhibition of TCHso (%)

was prepared by the method of Kabat and
Mayer’®, and normal human serum(NHS) was
obtained from a healthy adult. Various dilutions
of polysaccharides in water (50ul) were mixed
with 50u1 of NHS and 50x1 of GVB**. The
mixtures were pre-incubated at 37°C for 30min
and 350u1 of GVB*+ was added. IgM-hemolysin-
gensitized sheep erythrocytes (EA, 250ul) at 1
%108 cells/ml was added to the mixtures dilu-
ted serially and then incubated at 37°C for 1
hr. After addition of phosphate-buffered saline
(PBS, pH 7.2) and centrifugation, the absor-
bance of the supernatants were detected at 412
nm. NHS was incubated with water and GVB**
as a control. The anti-complementary activity
was expressed as the percentage inhibition of
the total complement hemolysis (TCHs,) of the
control.

Results

Extraction of craude polysaccharide (CAP-0)
from Capsiei Fructus
The crude polysaccharide (CAP-0) from Cap-
sici Fructus(the fruits of Capsicum anmuum L.)
without seeds was prepared as non-dialyzable
fraction after methanol-exrtaction and ethanol-
precipitation of cold water-extracts. CAP-0 had
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Fig. 1. Anti-complementary activities of extr-
acts from Capsici Fructus

@ : CAP-0, O : Methanol-soluble fraction and

A : Ethanol-soluble fraction
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higher potent anti-complementary activity than
methanol-soluble and ethanol-soluble fraction
(Fig. 1). Pronase treatment on_CAP-0(protein,
14.8%) had little effect on anti-complementary,
activity, however, the activity of periodate ox-
idation product of CAP-0 (total sugar, 85.2%
was shaply decreased (Fig. 2), These results
indicate that the carbohydrate moiety may con-
tribute to that activity.

100 4

50

Inhibition of TCHso (%)

T T 1
100 500 1000

Concentration(ug/ml)

Fig. 2. Lability of anti-complementary activity
to periodate and pronase treatment of crude
polysaccharide(CAP-0).

@ : CAP-0, O : CAP-0 pronase digest and

] : NalOy oxidized CAP-0

Fractionation of crude polysaccharide(CAP-0)

CAP-1 was fractionated to give four fracti-
ons, CAP-1,2,3 and 4 by the addition of cetyl-
trimethylammonium bromide. The chemical
properties of these fractions are summarized in
Table 1. CAP-1 contained rhamnose, arabinose,
galactose and galacturonic acid as major sugars
(molar ratio, 2,5:1,0:1.7:6.5). Whereas
CAP-2,3 and 4 had mainly arabinose, galactose
and galacturonic acid, but protein content of
CAP-4 was the highest among the polysaccha-
ride fraction.

Fig. 3 shows the anti-complementary activity
after the incubaton of the different concentra-
tions of polysaccharide fractions with NHS.
The anti-complementary activities are shown

to be dose dependent. When 1, 000ug/ml1 of CAP-

Table 1. Chemical properties of polysaccharide
fractions on cetavlon treatment of CAP-0

CAP CAP CAP CAP CAP
0 -1 -2 -3 -4

(%)

Neutral sugar 18.9 43.5 39.9 54.0 39.7
(as Ara)

Uronic acid 66.3 54.5 50.2 31.6 26.6
(as GalA)

Protein(as BSA) 14.8 2.0 9.9 14.4 33.7
Component sugars (Molar ratio)

Rhamnose 0.7 2.5 0.6 trace 0.2

Arabinose 1.0 1.0 1.0 1.0 1.0

Xylose 0.2 0.4 0.2 trace trace

Mannose 0.2 0.1 trace 0.2 0.1

Galactose 1.2 1.7 1.6 1.1 0.5

Glucose 0.1 1.0 trace trace 0.1

Galacturonic acid 10.9 6.5 3.9 1.2 1.1

1 was incubated with an equal volume of NHS,
the amount of TCH;, was reduced by about 95
%. The order of the activities of these fracti-
ons was CAP-1>CAP-4>CAP-2>CAP-3.

100+
(¢]0]

\

504

Inhibition of TCHso (%)

1
100 500 1000
Concentration(ug/mi)
Fig. 3. Anti-complementary activities of poly-
saccharide fractions on cetavion treatment of
CAP-0
O :CAP-1, [J: CAP-2, A :CAP-3 and W : CAP-4

Fractionation of CAP-1 on ion-exchange
chromatography

The most active polysaccharide fraction, CAP

-1, was further separated on the column of

DEAE-Toyo Pearl 650C (CI") into an unab-
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sorbed (CAP-1-1) and seven absorbed fractiors
by the step-wise elution of NaCl. The anti-com-
plementary activities of three major fractions
in yield, CAP-1-1II, 1V and V(eluted with 0.1
M, 0.15M and-0.2M NaCl, respectively), and
two minor fractions, CAP-1-VI and VII (eluted
with 0.3 and 0.4M NaCl, respectively) are ‘sh-
own in Fig. 4. The activities of CAP-1-VI and
VII had very high activity, but were very low
in yield. The activities 'of CAP-1-V and IV

1004

50

Inhibition of TCHso (%)

100 500
Concentration(ug/ml)

Fig. 4. Anti-complementary activities of polys-
accharide fractions on DEAE-Toyo Pearl 650C
(CI-, 3.2x%33cm) of CAP-1
[J:CAP-1-1I1, W :CAP-1-1V, A :CAP-1-V,
® : CAP-1-VI and O : CAP-1-VII

1 0'00

Table 2. Chemical properties of polysaccharide
fractions on DEAE-Toyo Pearl 650C (C1- form)
of CAP-1

CAP1-1II CAP1-1V CAPI-V

Neutral sugar(as Ara) 35.2 40.8 58.3
Uronic acid(as GalA)-  62.8 57.8 39.6
Protein(as BSA) 2.0 1.4 2.1
Component sugars(Molar ratio)
Rhamnose 0.6 1.8 3.8
Arabinose 1.0 1.0 1.0
Xylose 0.3 0.3 0.7
Mannose 0.1 0.1 0.1
Galactose .1 1.9 1.8
Glucose trace 0.5 0.2
Galacturonic vacidul ~ 5.5 7.9 2.7

were higher than that of III. The chemical
properties of these fractions are illustrated in
Table 2, CAP-1-1II,

of rhamnose, arabinose, galactose and galactu-

IV and V were consisted

ronic acid as major component sugars. But mo-
lar ratio of rhamnose and galactose in CAP-1-
IV and V was higher than CAP-1-III.

Purification of the anti-complementary poly-
saccharide

CAP-1-1II and IV were further purified by
gel filtration on Sephadex G-100 (Fig. 5), and
CAP-1-1lla and b, and CAP-1-IVa and b, res-
pectively. These four subfractions and CAP-1-
V gave a single spot on cellulose-acetate me-
mbrane electrophoresis and was eluted as a
single peak as shown by gel filtration of Se-
pharose CL-4B(data not shown). These results
suggested that these five fractions were homo-
geneous and pure enough for structural studies.

101 }ﬁ\ CAP-T-iitb
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0.54

CAP-tlila -
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———
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Fraction number

Fig. 5. Gel filtration of CAP-1-TII & IV on-
Sephadex G-100. The column (2.6X90cm) was
0.2M NaCl and elution was performed with 0.
2M NaCl.
@ : Carbohydrate(490nm), O : Uronic acxd(SZOnm),
Vo : Void volume and Gle : Glucose

" The molecular weights of CAP-1-Illa, 1Va
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and V. were estimated to be 70,000, 195,000
and 40,000, respectively (Fig. 6). It was ob-
served that the fractions, CAP-1-1lla and IVa,
showed higher anti-complementary activity that
those of CAP-1-Illb- and IVb (Fig. 7).

8
T-2000
5 - T-500
S T-70
©
£ 4 . T:)m\
. Mav MW A~
o CAP-1-IITa 5 0.57, 70,000 T-19
o
| CAP-1-ITTb ; 0.80, 7,200
2 7 cap-1-Iva ; 0.46, 195,000
CAP-1-TVb 5 0.69,° 22,000
CAP-1-V 0.50, 140.000
) ] T T 1
9 0.2 0.4 0.6 0.8 1.0,
Kav

Fig. 6. Determination of molecular weights of
‘CAP-1-Mla, IVa and V by gel filtration on
Sepharose CL-4B. The column (1.3Xx95¢cm) was
equilibrated with 0.2M NaCl and elution was
performed with 0.2M NaCl.
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Fig. 7. Anti-complementary activities of polys-
accharide fractions on Sephadex G-100 of CAP
~1-I1T 1V.

@ : CAP-1-I11a, A : CAP-1-IIIb,

() : CAP-1-1Va and A : CAP-1-IVDb

But the yield for the former fractions were
very poor. The chemical properties of purified
fractions on Sephadex G-100 were summarized
"il.ll\"l‘ab'le'& The most active fractions, Illa

and IVa, contained 74.0% and 78.8% of
neutral sugar, respectively. Both fractions were
mainly consisted of arabinose, galactose and
galacturonic acic, in a molor ratic of 1.0: 1.3
:0.9 in Illaand 1.0 : 1.9 : 0.9 in IVa. Whereas
CAP-1-11Ib and IVb contained a large amount
of galacturonic acid, and these fractions were
mainly consisted of rhamnose, arabinose and

galactose as the neutral sugars.

Table 3.Chemical properties of polysacciaaride
fractions on Sephadex G-100 of CAP-1-1II & IV

CAP CAP CAP CAP
1-1lfa 1-1IIb 1-1Va 1-1Vb

Neutral sugar(as Ara) 74.0 12.9 78.8 41.0
Uronic acid(as GalA) 21.8 86.3 18.4 56.2
Protein(as BAS)" 42 1.1 2.8 2.1

Component sugars (Molar ratio)

Rhamnose 0.2 1.9 0.6 3.0
Arabinose 1.0 1.0 1.0 1.0
Xylose 0.2 0.5 0.2 0.4
Mannose 0.3 0.4 0.1 0.2
Galactose 1.3 0.8 1.9 1.0
Glucose 0.1 trace 0.1 trace

Galacturonic acid 0.9 30.8 0.9 7.7

Discussion

It has been reported for some anti-complem-
entary polysaccharide from bacteria, fungi and
plants, but there is little information on other
types of anti-complementary *~ polysaccharides.
Recently we have found that the several anti-
complementary polysaccharides exist in raw
food. Capsici Fructus (the fruits of Capsicum
annuum L.) is one of them. The cold-water
extract from C. fructus without szeds contains
a potent anti-complementary activity. The
purification of anti-complementary polysaccha-
ride from C. fructus and its chemical charact-
erization were observed in this study. It has
been observed that anti-complementary activity
was not present in the methanol-soluble and

ethanol-soluble fraction but in the crude polys-
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accharide fraction. Also the activity did not
change by pronase treatment, but decreased
greatly by pericdate-cxidationof CAP-0. These
indicate that carbohydrate moiety may be
related to the anti-complementary activity.

Among the four fractions obtained by cetav-
lon-treatment, the fraction which contained lo-
wer molar ratio of rhamnose and galacturonic
acid such as CAP-1 (Rha:GalA, 1.0:2.6),
showed the higher anti-complementary activity.
This fact coincided with GC data of fractions
obtained by ion-exchange chromatography(Rha:
GalA, CAP-1-1II 1.0:9.2, IV 1,0:4.4, V1.
0:0.7). Finally, the fractions of void volume
separated by Sephadex G-100, CAP-1-Tlla and
IVa, showed higher anti-complementary than
IlIb and 1Vb did. The latter fractions had high
molar ratio of Rha:GalA (IIIb 1.0:16.2, IVb
1.0: 2.6) and low molecular weight. It seems
that the content and composition of neutral
sugar in polysaccharide containing high content
of rhammnogalacturonan core may have main
effect on the anti-complementary activity.

Continuous researches are now going on for
the identfication of chemical structure of these
polysaccharides.

Abstract

Water-soluble crude polysaccharide (CAP-0)
obtained from the Capsici Fructus(the fruits of
Capsium annwum L.) showed a potent anti-
complementary activity. The anti-complemen-
tary activity did not change by pronase diges-
tion of CAP-0, but decreased by the periodate
oxidation. CAP-0 was fractionated into four
polysaccharide fractions, CAP-1,2,3 and 4, by
the addition of cetyltrimethylammonium brom-
ide. CAP-1, showing the highest anti-complem-
entary activity, was refractioned by anion-
exchange chromatography to give three major
fractions(CAP-1-11I, IV and V). CAP-1-IIl was
shown to have low anti-complementary activity,
but CAP-1-IV and V had high activity. CAP-
1-HI and IV were purified on Sephadex G-100

to give each two fractions(CAP-1-1lla and IIIb,
CAP-1-1Va and IVb), respectively. From the
results of gel filtration and electrophoresis,
these four fractions and CAP-1-V were found
to be homogeneous polysaccharides. High mole-
cular polysaccharies(M.W. CAP-1-IIfa 70, 000,
IVa 195,000, V 140,000) showed relatively
higher anti-complementary activity than low
molecular polysaccharides(CAP-1-IIIb and IVDb).
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