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Purification and biological activity of pectic polysaccharides from leek
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The pectic polysaccharides isolated from leek through consecutive water and acid extractions with 0.5% HCI were
purified by ion-exchange chromatography on DEAE-Sepharose fast flow. As a result four fractions — Wy, A, A, and Az
were obtained, which were partitioned with gel-chromatography on Sephadex G-200 and other fractions were obtained -
Wi, Aq, Ax and Agp. All fractions differ on their monosaccharide compositions. In the A; fraction obtained through
chromatography purification of the acid-extractable polysaccharides prevail neutral sugars (> 58%) whereas the other
fractions have higher uronic acid content. It was found that fractions having higher uronic acid content also contain
glucuronic acid. The dominant neutral monosaccharides in the pectic polysaccharides from leek are galactose and
rhamnose. The molecular mass and the polydispersity of the polysaccharide fractions were determined by HPLC. The
purified polysaccharide fractions from leek showed immunomodulating activity, which was determined by the
alternative and classical pathway. The activity of the purified polysaccharides increase compared to the activity of the

initial polysaccharides.
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INTRODUCTION

The effect of pectic polysaccharides on the
physiological processes in the human body, such as
lipid exchange [1-4], carbohydrate exchange [2],
bile acid metabolism [5,6], etc. has been the subject
of a host of experimental and clinical observations.
It has been found by international [1,3,7] and local
[8,9] studies that the intake of pectin significantly
reduces the serum cholesterol levels in the body,
which is especially important in cardiovascular
diseases. Other biological activities of the pectic
polysaccharides, such as immunomodulating, anti-
complementary and anti-inflammatory, have also
been reported in the recent years [10-13].

Two pectic polysaccharides - Wy and Ao, were
obtained through sequenced water and acid
extraction with 0.5% HCI in the course of our
previous studies [14]. They were characterised and
identified as polysaccharides of a pectic type with a
pronounced immunomodulating activity. Definite-
ly, the individual structural fragments from the
macromolecule of leek influence on its immuno-
modulating activity after enzymatic hydrolysis.
Obtained hydrolysis products rich in RG-I
participated in the activation process of the immune
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system [15]. The purification process played an
important role in determining the relationship
between the structure of the polysaccharides and
their biological properties. The purification of the
active polysaccharides was carried out through
various chromatographic methods depending on the
composition of the crude polysaccharides.

The aim of this work was chromatographic
purification by means of ion-exchange and gel
chromatography of the biologically active pectic
polysaccharides from leek and the comparison of
their immunomodulating activities.

EXPERIMENTAL

The trials were carried out with leek (Allium
porrum L.) purchased on the vegetable market. The
alcohol insoluble substances (AIS) of leek were
obtained by the method described in a previous
article of us [16].

Isolation and purification of polysaccharides from
leek

Two pectic polysaccharides were isolated by
means of a sequenced water and acid extraction
with 0.5% HCI from the AIS of leek. The purify-
cation procedure is presented in Fig. 1.
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The two isolated polysaccharides W, and A,
were subjected to fractionating by means of ion-
exchange chromatography on a DEAE-Sepharose
fast flow using a semipreparative chromatographic
system Pharmacia, Sweden, equipped with a XK
2.6/40 cm column (Pharmacia, Sweden). The eluent
was a buffer solution of sodium acetate with
pH=4.8 and a linear gradient (0.05-1.0 M). The
elution rate was 1 ml/min. Fractions of 10 ml were
collected and analyzed for content of neutral sugars
and galacturonic acid.

120 mg of polysaccharide By were diluted in 15
ml sodium acetate buffer (pH=4.8), and the solution
was centrifuged at 15 000 rpm. 10 ml of the
obtained supernatant containing 66.5 mg of B, was
applied to a column with DEAE-Sepharose fast
flow. Chromatography on the polysaccharide led to
the emergence of a peak - W,, which was collected,
dialyzed for 48 h against distilled water and lyophi-
lized on a Cryodos 50 system (Telstar, Spain).

120 mg of polysaccharide A, were dissolved in
15 ml sodium acetate buffer (pH=4.8) and the
solution was centrifuged at 15 000 rpm. 10 ml of
the supernatant containing 71.7 mg of poly-
saccharide A, were subjected to chromatographic
purification on a DEAE-Sepharose fast flow.
Chromatography on A, led to the distinction of
three peaks: A;, A, As, respectively. The isolated
peaks were collected, dialyzed for 48 h against
distilled water and lyophilized on a Cryodoc 50
system (Telstar, Spain).

The chromatographically purified fractions Wi,
A, A, and A; were subjected to gel chromato-
graphic separation on Sephadex G-200, on column
XK 1.6/100 cm (Pharmacia, Sweden). The eluent
was phosphate buffer (pH=6), and the elution rate
was 0.2 ml/min. Fractions of 10 ml were collected
in the process of elution and were analyzed for
neutral sugars and galacturonic acid.

crude pectic polysaccharides from leek

Wo

dissolve
centrifugation

residue supernatant

ion exchange chromatography on
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Fig. 1. Purification procedure of anti-complementary pectic polysaccharides from leek.
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60 mg of each purified fraction (W, A, A, and
Az) were dissolved in 8 ml distilled water. 7 ml of
the solution obtained (containing a sample of 52.2
mg) was applied to a column with Sephadex G-200.
Fractions Wi, A1, A, and As were isolated
during the gel chromatography separation. Each
fraction was collected, dialyzed for 48h and
lyophilized.

Major analytical methods

Assessment of the total neutral sugars, uronic
acids, and protein

The total neutral sugars and uronic acids were
assessed by the orcinol [17] and meta-
hydroxybiphenyl methods [18], respectively, using
arabinose and galacturonic acid as a standard. The
separation of galacturonic acid and glucuronic acid
was implemented on a Waters HPLC system with
RI detector — R401. HPLC analysis was conducted
on an Aminex HPX - 87H column with 0.04M
H,SO, and the elution rate was 0.3 ml/min. Galac-
turonic acid and glucuronic acid were identified by
the retention time.

The protein content was analyzed by the Lowry
method [19] against a standard of bovine serum
albumin.

Determination of neutral sugars

Neutral sugars were measured as alditol acetates
after hydrolysis. The crude extracted pectic
polysaccharides (20 mg) were pretreated with 2M
trifluoroacetic acid (TFA) for 3 h at 120°C before
conversion to alditol acetates according to the
method developed by Blakeney at al. [20].

The monosaccharide composition of the pectic
polysaccharides was determined by HP gas
chromatograph 6890 Series Plus coupled with a
5973 mass-selective detector (Helwett—Packard,
Palo Alto, CA), on a column SP-2380 (Supelco).
The oven temperature was programmed to 200°C
for 3 min, then to 250°C with a rate of 5°C/min.
Helium was carrier gas at 1 ml/min. Peak identify-
cation was based on retention times, using myo-
inositole as internal standard.

Determination of molecular mass
The molar masses of the polysaccharides were
assayed through HPSEC on a Waters (Millipore)
system. The assay was made on Ultrahydrogel™
120 and Ultrahydrogel™ 500 column (7.8 x 300
mm, Waters) with bidistilled water as eluent at an
eluation rate of 0.8 ml/min. The column was

calibrated using the Shodex standard P-82 (Showa
DENKO, Japan).

Determination of anti-complementary activity

Complement activity was measured using a
microassay method according to Klerx et al.
[21,22]. The test is based on the colorimetric
measurement of hemoglobin released from target
erythrocytes after incubation with normal human
serum. In the classical pathway assay (CP), veronal
buffered saline (25 mM, pH 7.4) containing 0.15
mM CaCl, and 0.5 mM MgCI, served as an diluent.
Sheep red blood cells (SRBC) sensitized with rabbit
anti-SRBC antibodies at a concentration of
2x10%ells/ml were used as targets. In the alterna-
tive pathway (AP) assay, uncoated (without anti-
RRBC antibodies) rabbit erythrocytes (RRBC) at a
concentration of 1x10°cells/ml as targets were used.
Activation of the calcium-dependent classical
pathway is prevented by the addition of calcium
chelator ethyleneglycol-bis(2-aminoethyl) tetra-
acetic acid (EGTA) to the assay veronal buffer
containing 5 mM MgCl, and 8 mM EGTA.

The effect of polysaccharides on complement
activity was determined after pre-incubation for 45
min at 37°C of equal volumes of normal human
serum (dilution giving about 50% lysis of the target
cells) and two-fold dilutions of polysaccharides
(usually starting with 2 mg/ml). After incubation
(1.5h at 37°C) of target erythrocytes and treated
sera, hemolysis in cell supernatants was measured
at 541 nm. The anti-complementary activity of the
samples was expressed as the percentage inhibition
of the total complement hemolysis (TCHsx,) of the
control serum given by the formula:

Inhibition of TCHsq (%) = [(TCHs, of control serum
- TCHg, treated with pectin serum)/ TCHs, of
control] x 100.

RESULTS AND DISCUSSION

The isolated pectic polysaccharides, obtained by
a sequenced extraction with water were name W,
and 0.5% hydrochloric acid were name A, from
AIS of leek, were purified by the procedure shown
in Fig. 1.

The polysaccharides were applied to a column
with ion-exchange resin DEAE-Sepharose — fast
flow and eluted with sodium acetate buffer at a
linear gradient (0.05-1.0 M). One fraction, W, was
obtained from the water extractable polysaccharide,
while three fractions, A;, A, Az (Fig. 2), were
obtained from the acid extractable polysaccharide.
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The chemical composition of these fractions is
presented in Table 1.
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Fig. 2. Elution profile of water extractable (a) and acid
extractable (b) pectic polysaccharides on DEAE-
Sepharose fast flow.

The water extractable purified fraction — W, had
a high content of uronic acids 66.4% (59.7%
galacturonic acid and 6.7% glucuronic acid). Galac-
tose (21.2%) was the prevailing neutral mono-
saccharide in the composition of W;.

Fraction A; from the acid extractable
polysaccharide contained mostly neutral mono-
saccarides (59.9%) and 38.8% uronic acids, as it
can be seen from Table 1. No glucuronic acid was
found in this fraction. This polysaccharide had a
high molecular mass and the major neutral mono-
saccharide was galactose (47%). Most probably, it
was a polysaccharide of galactan type.

The other two fractions A, and A; were acidic
polysaccharides because they had a higher content
of uronic acids: 50.5% and 61.2%, respectively. In
both polysaccharides (A, and As), glucuronic acid
was found in addition to galacturonic acid, as it
occurred in higher amounts in A;. Galactose and
rhamnose accounted for the largest share of the
monosaccharide.

Dialyzed and lyophilized polysaccharide fracti-
ons purified by ion-exchange chromatography (Wi,
A, A, and Asz) were subjected to gel chromatogra-
phy on Sephadex G-200. Each fraction was eluted
with a phosphate buffer at pH=6, where fractions
W1, Auz, Azr and Az were obtained (Fig. 3).

Fraction Wy; was characterized by a higher
content of galacturonic acid than W; and a lower
quantity of glucuronic acid (Table 2). The nonuro-
nide ingredients of W;; were dominated by the
galactose monosaccharide.

In the purified fraction A, the amount of
galacturonic acid increased from 38.8% in Ay, to
50.7%, respectively. Total neutral monosaccharide
in the purified fraction A;; was 48.0% mostly that
of galactose (42.8%). In the other two SEC purified
acidic polysasccharides - A,; and As;, a lower con-
tent of glucuronic acid was obtained as compared
with A, and A;. As for the nonuronide mono-
saccharide, the rhamnose content in As; increased to
16.3% in comparison with A; (10.7%).

The polysaccharide fraction A, was dominated
by the monosaccharide galactose.

Table 1. Chemical compositions of purified anti-complementary extractable polysaccharides on DEAE-Sepharose fast

flow.

W, A A, Ag

Uronic acid, % 66.4 38.8 50.5 61.2
Total neutral sugar, % 33.1 59.9 48.0 37.8
Protein,% 0.5 1.3 15 1.0

Monosaccharides composition,%

Rhamnose 5.8 8.2 16.0 10.7
Arabinose 5.2 4.2 8.0 2.5
Xylose 0.8 - 0.4 0.5
Mannose trace trace trace trace
Galactose 21.2 47.0 19.2 23.6
Glucose trace trace 45 trace
Galacturonic acid 59.7 38.8 41.2 435
Glucuronic acid 6.7 - 9.3 17.7
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Table 2. Chemical compositions of purified anti-complementary extractable polysaccharides on Sephadex G-200.

Wi Ay An Az
Uronic acid, % 66.2 50.7 60.6 67.1
Total neutral sugar, % 334 48.0 38.2 31.9
Protein,% 0.4 1.3 1.2 1.0
Monosaccharides composition,%
Rhamnose 0.6 2.2 5.0 16.3
Arabinose 0.9 1.0 6.2 trace
Xylose 0.8 - 0.4 0.5
Mannose trace trace trace trace
Galactose 27.9 42.8 24.4 15.1
Glucose 3.2 2.4 2.2 trace
Galacturonic acid 61.6 50.7 53.7 58.2
Glucuronic acid 4.6 - 6.9 8.9
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Fig. 3. Elution profile of purified pectic polysaccharides on Sephadex G-200.

The follow-up analyses of the purified samples
were related to determining their molecular mass
values and their molecular homogeneity (Fig. 4).
Fractions W, and W, obtained as a result of the
purification and separation of the water-extractable
pectic polysaccharide had the highest molecular
mass, as well as the highest homogeneity.

Fractions A; and A;; made up mostly of neutral
monosaccharide showed a high molecular mass and
were considerably more homogeneous than the
other polysaccharide fractions of the acid extrac-
table pectic polysaccharide. Fractions A, and Ay
had a higher molecular mass than Az and Az;.

All polysaccharides tested had some activity in
complement-fixation test (Fig. 5). The fractions W
and W, showed the same low activity. Wy; was
signifycantly more active than W, and W;. Neither
the anticomplementary activity values of Ay Aj,
and A, nor those of A; showed significant differen-
ces. A1, Ay and As; were the most active fractions.

The obtained results indicate that the activation
of the complement system by these polysaccharides
occurs via both the classical and alternative
pathways.
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Fig. 4. HPSEC elution patterns to molecular weight of purified on DEAE-Sepharose fast flow and Sephadex G-200
pectic polysaccharides from leek.
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Fig. 5. Immunomodulating activity of purified pectic polysaccharides from leek.

CONCLUSION

It was found, based on the analysis of the
polysaccharide fractions obtained by ion-exchange
and gel chromatography, that fractions A, and A;
had a higher uronic acid content. The composition
of those uronic acids included galacturoniuc acid
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and glucuronic acid. In the process of ion-exchange
chromatography, a fraction was isolated that had a
high content of neutral monosaccharides, such as
fraction A; (59.9% neutral sugars). This fraction
contained 47.0% galactose. Most probably, there
was a presence of galactan type of polysaccharide
in the leek.
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The analyzed polysaccharide fractions that were
by ion-exchange and gel chromatography purified
were characterized by a pronounced biological
activity which increased in comparison with the
source polysaccharides.
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IMPEYNCTBAHE 1 BUOJIOTUYHA AKTHBHOCT HA IIEKTMHOBU ITIOJIM3AXAPUIN OT
ITPA3
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(Pestome)

OchblecTBEHO € XpoMaTorpa)CKo MPEYHCTBAHE Ha TIEKTUHOBHM IIOJIM3aXapuaud OT Mpa3, H30JIMpaHd IpU
MOCJIeIOBaTeNIHO ekcTpaxupane ¢ Boaa u 0,5% conna xucenuHa. IlocpencTBom lHoHooOMeHHa XpoMmarorpadus BbpXy
DEAE-Sepharose fast flow ot BoJHO ¥ KHCENHHHO eKCpaXUPyEMUTE MOJTH3aXapUId Ce MONyJdaBaT YSTHPH (BpaKiuu—
Wi, Ag, A; u A, Besika OT KOHMTO € rell xpamoTorpadeku npeuncrena Ha Sephadex G-200, mpu koeto ca 060cobeHn
¢paxauute Wy, Agr, Ax 1 Az Tesn gpaknum ce pa3nnyaBar 1Mo MOHO3aXapUIHUS CH ChCTaB. BBB ¢pakumsata Ky,
HOJTy4eHa TPH HOHOOOMEHHOTO MPEYNCTBaHEe Ha KUCEJIMHHUS eKCTPAKT, MpeodiiaaBaT HeyTpaaHuTe 3axapu (> 58%),
JOKaTo OCTaHAJIHTE (QPAKIMHU ca ¢ BUCOKO YPOHHIHO ChABbpPIKAHHE. YCTAHOBEHO €, Ye BHCOKO YPOHHIHHUTE (GpaKLiu
CBIBPKAT M TIIIOKYPOHOBA KHCENWHA. JOMHHMpamM MOHO3aXapHOd B IIEKTHHOBUTE MOJIM3aXapuad OT Mpa3 ca
ranakTo3a u pamHosa. Upes3 HPLC e ompenenena MoiekyidHa Maca Ha HOJNU3axXapuAHUTE (QPakUUM W TIXHATA
IHUCIEePCHOCT. XpoMaTorpad)CKu MPEYNCTCHUTE MHOJNU3aXapuAHH (QpakUuM OT Ipa3 IOKa3BaT HMMYHOMOIYJUpalia
aKTHBHOCT, OIpE/eeHa Ype3 aKTUBHpaHE Ha KOMIUIEMEHTa 110 KJIaCHYeCKUsl W alTepHAaTUBHUS NBT. B cpaBHeHHE c
W3XOJIHUTE MOJIM3aXapu Iy, aKTHBHOCTTA Ha MIPEYUCTCHUTE CE yBEINYaBa.
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