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Abstract
Acharan sulfate is a glycosaminoglycan prepared
from the giant African snail, Achatina fulica. This
polysaccharide has a repeating disaccharide structure of →4)-2-deoxy-2-acetamido-a-D-glucopyranose (1→4)-2-sulfo-a-L-idopyranosyluronic acid
(1→). Its structure is related to heparin and heparan sulfate but is distinctly different from all known
members of these classes of glycosaminoglycans.
Because of its structural similarities to heparin,
chemically modified acharan sulfate was studied
to understand the chemical structure effected its
anticoagulant activity. After de-N-acetylation,
acharan sulfate was N-sulfonated using either chlorosulfonic acid-pyridine or sulfur trioxide-trimethylamine complex. The sulfate level in these products ranged from 22 to 24%(w/w), significantly less
than that of heparin at 36%. The molecular weight
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NMR, nuclear magnetic resonance; SAX, strong-anion exchange
chromatography; HPLC, high-performance liquid chromatography;
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Corresponding author: Yeong Shik Kim, Natural Products Research Institute, Seoul National University, 28 Yeonkun-Dong,
Jongno-Ku, Seoul 110-460, South Korea. Tel: 182 (2) 740 8929;
Fax: 182 (2) 765 4768; E-mail: ,kims@plaza.snu.ac.kr..

of both N-sulfoacharan sulfates were comparable
with that of heparin. In vitro anticoagulant activity
assays showed that N-sulfoacharan sulfate derivatives were moderately active for the inhibition of
thrombin and neither product showed any measurable anti–factor Xa activity. The differences in the
activities of N-sulfoacharan sulfates produced by
these two methods are probably ascribable to a
small level of concomitant O-sulfonation obtained
when using chlorosulfonic acid-pyridine.  1998
Elsevier Science Ltd.
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lycosaminoglycans (GAGs) are linear anionic polysaccharides having characteristic disaccharide repeating sequences of
uronic acid and hexosamine residues. These biopolymers are biosynthesized as macromolecular
proteoglycans linked to protein core but are typically isolated as GAGs [1–3]. The biological functions of GAGs result from their interaction with
proteins, such as clotting factors found in plasma,
growth factors, lipoproteins, and extracellular matrix components [4–6]. In a previous study, we reported a new GAG, acharan sulfate, isolated from
the giant African snail, Achatina fulica [7]. This
GAG has a molecular weight of 29000 and a uniform repeating disaccharide structure of →4)-b-D-
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GlcNAc (where GlcNAc is 2-acetamido-2-deoxya-D-glucopyranose (1→4)-a-L-IdoA2S (1→ and
(where IdoA2S is a-L-idopyranosyluronic acid and
S is sulfate). The unusual structure of this GAG,
being similar but structurally different from both
heparin or heparan sulfate, suggests that it might
be a good precursor for the preparation of semisynthetic heparin or heparan sulfate analogs having
important biological activities. A recent study on
N-sulfoacharan sulfate, for example, showed a heparin-like effect on basic fibroblast growth factor
mitogenicity [8].
In an effort to prepare heparin-like anticoagulant
agents having simple structures, acharan sulfate was
chemically N-sulfonated using two methods. The
anticoagulant activity of these derivatives was measured using amidolytic assays as well as a clotting
based assay. The structural features of these derivatives were characterized by 1H-nuclear magnetic
resonance (NMR) spectroscopy and by using
strong-anion exchange (SAX) high-performance
liquid chromatography (HPLC) after treatment
with heparinases.

1. Materials and Methods
1.1. Materials
Acharan sulfate (molecular weight [MW] 29000)
was prepared as described previously [7]. Heparin
from porcine mucosa (MW 12000) and low molecular weight heparin (MW 3000–5000) were purchased
from Sigma (St. Louis, MO). The reagents for the
measurement of activated partial thromboplastin
time (APTT) and thrombin time were also from
Sigma. Coatest kits for the assay of factor Xa and
factor IIa inhibition were from Chromogenix AB
(Mölndal, Sweden). Heparin lyase I (heparinase,
EC 4.2.2.7) and heparin lyase II (heparitinase II)
were from Seikagaku (Tokyo, Japan).

1.2. General Assays
Uronic acid was assayed by the modified carbazole
method [9]. Sulfate content of samples were measured according to a previously reported method [10].
Briefly, samples or standards containing 0–40 nmol
sulfate containing sample was added into pyrex
tubes together with 5 ml of 0.02 M NaOH and freeze-

dried. The residues were then pyrolyzed at 6008C
for 10–15 minutes. Barium buffer (0.6 ml) and rhodizonate reagent (0.3 ml) were added. After a
10-minute incubation at room temperature, the absorbance was determined at 520 nm.

1.3. Deacetylation of Acharan Sulfate
Deacetylation was performed according to the published procedure [11,12]. Briefly, acharan sulfate
(50 mg) was dissolved in 3 ml of anhydrous hydrazine containing 1% hydrazine sulfate and heated
in a sealed glass tube at 988C for 10 hours. After
cooling, toluene was added and the sample was
subjected to repeated evaporation under N2. The
residue was dissolved in 1.5 ml of 0.25 M iodic
acid. The small amount of I2 that was formed was
extracted with ether and aqueous layer was dialyzed exhaustively and freeze-dried.

1.4. Sulfonation of
Deacetylated Acharan Sulfate
The de-N-acetylated acharan sulfate (12 mg) was
suspended in anhydrous pyridine (5 ml). To this
suspension 5 ml of a mixture of chlorosulfonic acid
and pyridine (1:6) was added and the reaction was
refluxed for 2 hours [13]. The solution was cooled,
10 ml of ice-water was added, and its pH adjusted
to 7.0 with 2 M sodium hydroxide. Three volumes
of ethanol was then added and the mixture left
overnight at 48C. The precipitate formed was recovered by centrifugation, dissolved in water, dialyzed exhaustively against water, and freeze-dried.
Alternatively, de-N-acetylated acharan sulfate (10
mg) was dissolved in water (1 ml). Sodium carbonate (36 mg) was added, and the solution was heated
to 558C. Sulfur trioxide-trimethylamine complex
(3315 mg) was added to the solution at 0-, 5-, and
10-hour intervals and the reaction was maintained
at 558C for 15 hours [12]. The sample was then
cooled and diluted with 1 ml of 16% sodium chloride, and 9 ml of methanol was added to precipitate
the product. The precipitate was recovered by centrifugation, dissolved in water, exhaustively dialyzed against water and freeze-dried.

1.5. Measurement of Clotting Time
APTT was measured according to the manufacturer’s procedure by using normal human plasma. The
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activity was calculated by comparison with the heparin standard curve (clotting time vs. units/mg).

1.6. Inhibition of Factor IIa and Xa
Anti-IIa activity was determined by incubating 100 ml
of 0.1 U of AT III and 50 ml of human thrombin
(10 NIH units/ml) at 378C for 30 seconds. Then,
50 ml (2.5 mmole/ml) of S2238 (ethylmalonyl-ProArg-p-nitroanilide hydrochloride) chromogenic substrate was added and the amidolytic thrombin activity
was measured at 405 nm [14]. Measurements were
performed on a JASCO V550 spectrophotometer
(Tokyo, Japan). Anti-Xa activity was also determined using Coatestt Heparin kit (Mölndal, Sweden) by the “End Point” method. In brief, 200 ml of
human plasma containing heparin (0.1–0.7 USP
units/ml) or acharan sulfate derivatives (0.005–1
mg/ml) was incubated at 378C for 3 minutes. Then,
100 ml (0.125 nkat) of bovine factor Xa was added
into test solutions preincubated and mixed briefly.
The reactions were initiated by adding 200 ml (2.9
mmole/ml) of benzoyl-Ile-Glu-(g-Piperidyl)-GlyArg-p-nitroanilide hydrochloride substrate (S-2222)
to each mixture. After a 3-minute incubation, the
reaction was stopped by adding 200 ml of 20%
acetic acid and the absorbance was measured at 405
nm. Anti-Xa activity was calculated by comparison
with the heparin standard curve (absorbance at 405
nm vs. units/mg).

1.7. Agarose Gel Electrophoresis
Agarose gel electrophoresis was performed in a 1%
gel poured in TBE buffer (0.045 M Tris-borate,
0.001 M EDTA). One hundred micrograms of
acharan sulfate and chemically modified acharan
sulfate derivatives were loaded on the gel and constant voltage (80 V) was applied for 1 hour at room
temperature. The gel was visualized with 0.5%
Azure A in 1% acetic acid.

1.8. 1H-NMR Spectroscopic Analysis
Approximately 5 mg of each sample was exchanged
three times with 1 ml portions of 2H2O (99.9%;
Sigma), followed by in vacuo desiccation over P2O5.
The thoroughly dried sample was redissolved in
0.7 ml of 2H2O (99.96%), and spectra were obtained
using a UNITY-Varian 500 spectrometer at the
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operating frequency of 500 MHz equipped with a
VXR 5000 computer system or a JEOL 500 MHz
instrument equipped with a VAX computer. The
operating conditions for one-dimensional (1D)
spectra were as follows: frequency, 500 MHz;
sweep width, 6kHz; flip angle, 908 (12.8 ms); sampling point, 48 K; accumulation, 256 pulses; temperature, 298 K. The water resonance was suppressed
by selective irradiation during the relaxation delay.

1.9. Determination of Molecular Weight
The molecular weight of chemically modified
acharan sulfates was determined by HPLC on GPC
columns of TSK G3000SW coupled with 2000SW
(Uppsala, Sweden) equilibrated with 100 mM NaCl
at a flow rate of 1.0 ml/minute. The standards for
the calibration of the column were heparin (12000),
low molecular weight heparin (5000), and chondroitin sulfate A (40000) of known molecular weight.

1.10. Enzymatic Digestion
N-sulfoacharan sulfate derivatives (100 mg) were
depolymerized by 1 mU of both heparin lyase I
and II in 0.5 ml of 20 mM phosphate buffer (pH 7.0)
for 2 hours at 378C, after which the samples were
heated in a boiling water bath for 3 minutes. The
products were analyzed by SAX-HPLC described
previously [14]. Standard disaccharides from Sigma
were coinjected to tentatively identify the structure
of the major peak. The major peak in the chromatogram was collected and its structure was confirmed
by NMR as described above.

2. Results
2.1. Preparation and
Structural Characterization
of N-Sulfoacharan Sulfate Derivatives
The structure of de-N-acetylated acharan sulfate
and N-sulfoacharan sulfate was assigned based on
500 MHz 1H NMR spectroscopy (Figure 1 and Table
1). On de-N-acetylation, the signal corresponding
to N-acetyl CH3 group at 2.07 ppm completely disappeared. This was accompanied by the appearance
of a new signal at 3.49 ppm, corresponding to the
H-2 of the newly formed D-GlcN residue [12]. The
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Fig. 1. 1H-NMR spectra of (a) acharan sulfate, (b) de-N-acetylated acharan sulfate (c)
N-sulfoacharan sulfate prepared by chlorosulfonic acid-pyridine, (d) N-sulfoacharan sulfate
prepared by sulfur trioxide-trimethylamine.

anomeric proton of D-GlcN is also downfield shifted
from 5.2 ppm to 5.5 ppm by the absence of the
anisotropic effect of N-acetyl group. The resulting
de-N-acetylated acharan sulfate was next N-sulfonated using either chlorosulfonic acid-pyridine
(Figure 1C) or sulfur trioxide-trimethylamine complexes (Figure 1D). Because sulfonation by chlorosulfonic acid-pyridine occurred not only on the
amino groups of D-GlcN but also on some of the
hydroxy groups of IdoA and GlcN, the spectrum
shows a complex splitting pattern of the signals of
the sugar ring protons (Figure 1C). In contrast, the
simple splitting pattern in the sulfate derivative
prepared by sulfur trioxide-trimethylamine com-

plex reagent shows well resolved signals for the
H-2 of IdoA2S and GlcNS at 4.4 and 3.3 ppm,
respectively. This suggests that only re-N-sulfonation resulted under theses milder reaction conditions. Both 1% agarose electrophoresis and HPLCgel permeation chromatography (GPC) was next
used to determine the molecular weight and polydispersity of the derivatives (Figure 2A and B).
The average molecular weight of acharan sulfate
was 29000, while the molecular weights of de-Nacetylated acharan sulfate and N-sulfoacharan sulfate were reduced to 20000 and 8000, respectively.
Lane 3 in Figure 2A showed that average molecular
weights of two N-sulfoacharan sulfates were similar

Table 1. Chemical shifts of structural reporter groups in acharan sulfate and its derivatives
L-iduronic acid 2-O-sulfate
residue (chemical shift in ppm)

Acharan sulfate
De-N-acetylated acharan sulfate
N-sulfoacharan sulfatea
N-sulfoacharan sulfateb
a

D-glucosamine residue
(chemical shift in ppm)

H-1

H-2

H-1

H-2

5.19
5.53
5.28
5.22

4.35
5.20
4.35
4.33

5.11
5.37
5.35
5.45

4.02
3.49
3.60
3.33

N-sulfoacharan prepared by chlorosulfonic acid-pyridine.
b
N-sulfoacharan prepared by sulfur trioxide-trimethylamine.
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Fig. 2. (A) Agarose gel electrophoresis of acharan sulfate
and derivatives. Lane 1, heparin; lane 2, acharan sulfate;
lane 3, de-N-acetylated acharan sulfate; lane 4, N-sulfoacharan sulfate prepared by
chlorosulfonic acid-pyridine;
lane 5, N-sulfoacharan sulfate
prepared by sulfur trioxidetrimethylamine; lane 6, chondroitin sulfate. (B) Determination of average molecular
weight by GPC-HPLC. a, acharan sulfate; b, de-N-acetylated acharan sulfate; c, N-sulfoacharan sulfate prepared by
chlorosulfonic acid-pyridine;
d, N-sulfoacharan sulfate prepared by sulfur trioxide-trimethylamine. The arrows indicate the retention time of
heparin (1) and low molecular weight heparin (2), respectively.

to that of heparin. The molecular weight of the Nsulfoacharan sulfate is probably reduced owing to
a low level of hydrolysis of the polymer’s glycosidic
linkages by acid produced in the sulfonation reactions. Sulfonation under anhydrous conditions with
chlorosulfonic acid-pyridine afforded a considerably more polydisperse product than that formed
using sulfur trioxide-trimethylamine complex in
aqueous sodium carbonate solution. The N-sulfoacharan sulfates were next enzymatically depolymerized and analyzed by SAX-HPLC (Figure 3).
Two enzymes, heparin lyase I (heparinase, E.C.
4.2.2.7), and heparin lyase II (heparitinase II) were
used to ensure complete depolymerization [15].
The N-sulfoacharan sulfate prepared with sulfur
trioxide-trimethylamine complex was sensitive to
these enzymes, but the derivative prepared using
chlorosulfonic acid-pyridine was resistant. These
data suggest that other structural modifications
limiting the action of these enzymes, such as
O-sulfonation, might also have taken place under
the anhydrous sulfonation conditions. Additionally, O-sulfonation is consistent with a slightly but
not significantly, higher sulfate content observed
when using chlorosulfonic acid-pyridine. After enzymatic depolymerizaton, the N-sulfoacharan sul-

fate prepared using sulfur trioxide-trimethylamine
was analyzed by SAX-HPLC. A single peak corresponding to the production of one oligosaccharide
was observed. Coinjection with a disaccharide standard suggested that this major oligosaccharide
product was DUA2S-(1→4)-a-D-GlcNS (where
DUA is 4-dexoy-a-L-threo-hex-4-enopyranosyluronic acid). This major peak was collected and its
structure was confirmed using 1H-NMR (data not
shown). These results establish that one of the
structure of the polysaccharide after N-sulfonation
is primarily the expected →4)-a-D-GlcNS(1→4)a-L-IdoA2S(1→.

2.2. Determination of Anticoagulant Activity
Anticoagulant activity was evaluated using heparin
as a standard and measuring clotting time (Figure 4)
and the conversion of chromogenic substrates
using anti–factor IIa and anti–factor Xa amidolytic
assays (Table 2). Neither the parent acharan sulfate
nor the de-N-acetylated acharan sulfate showed
anticoagulant activity. Both N-sulfoacharan sulfate
derivatives, however, showed elongation of clotting time and substantial anti–factor IIa activity.
Neither N-sulfoacharan sulfate derivative showed
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Fig. 3. SAX-HPLC analysis of
N-sulfoacharan sulfate prepared by sulfur trioxide-trimethylamine on treatment
with heparin lyases. The peak
indicated by arrow was collected and its structure was
determined.

Fig. 4. Measurement of clotting time by APTT in the
presence of heparin (circles),
dermatan sulfate (triangles),
N-sulfoacharan sulfate prepared by chlorosulfonic acidpyridine (squares), and N-sulfoacharan sulfate prepared
by sulfur trioxide-trimethylamine (diamonds).
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Table 2. Anticoagulant (amidolytic) activities and sulfate content of modified acharan sulfate
Samples
Acharan sulfate
de-N-acetylated acharan sulfate
N-sulfoacharan sulfateb
N-sulfoacharan sulfatec
Heparin
a

Anti-factor Xa activity
(U/mg)

Anti-factor IIa activity
(U/mg)

Sulfate content
(%)

,1
,1
2.5
2.1
150

,1
,1
69
21
150

nda
nda
24.160.1
22.162.1
35.962.4

nd, not determined.
b
N-sulfoacharan prepared by chlorosulfonic acid and pyridine.
c
N-sulfoacharan prepared by sulfur trioxide and trimethylamine.

any anti–factor Xa activity (Table 2). The N-sulfoacharan sulfate prepared using chlorosulfonic
acid-pyridine showed approximately 40% activity
of heparin’s anti–factor IIa activity. Kinetic analysis indicated that at the concentration of 75 mg/ml,
this N-sulfoacharan sulfate showed the same anti–
factor IIa activity as 5 U/ml of heparin (150 U/mg),
corresponding to a specific activity of approximately 70 U/mg. By clotting assay this sample was
somewhat less active, requiring 10-fold higher concentration than heparin for the same extension of
clotting time. The N-sulfoacharan sulfate prepared
by sulfur trioxide-trimethylamine showed a slightly
lower anti–factor IIa activity of 21 U/mg and more
than 50-fold higher concentration was required to
obtain the same clotting time as heparin.

3. Discussion
The structure of acharan sulfate, →4)-a-D-GlcNAc(1→4)-a-L-IdoA2S (→1 is closely related to heparin, which is mainly comprised of a repeating disaccharide unit →4)-a-D-GlcNS6S(1→4)-a-L-IdoA2S.
Spectral data suggest that while both the chemically
modified acharan sulfates contain N-sulfo groups,
the N-sulfoacharan sulfate prepared in non-aqueous solvent by using chlorosulfonic acid-pyridine
has also undergone some O-sulfonation. The resistance of the N-sulfoacharan sulfate prepared using
chlorosulfonic acid-pyridine to heparin lyase I and
II suggests that some of the secondary hydroxyl
groups were also sulfonated. In contrast, the N-sulfoacharan sulfate prepared using sulfur trioxide-trimethylamine complex appears to be only sulfonated
at the 2-N-position. While the molecular weights of
the N-sulfoacharan sulfate derivatives are reduced

under the acidic conditions on sulfonation, they are
similar to that of heparin, suggesting it is of sufficient
size to exhibit full anticoagulant activity. The sulfate
content of the products after sulfonation was approximately 24%, corresponding to approximately 60%
of heparin’s level of sulfation. The observed anticoagulant activities of the two N-sulfoacharan sulfates,
corresponding from 20 to 40% of heparin’s activity
based on amidolytic factor IIa inhibition assay, are
surprisingly high based on such a simple structural
modification. There are many reports that increased
sulfation of GAGs results in their anticoagulant activity [16–18]. While sulfation is indispensable for anticoagulant activity, it is certainly not sufficient. A
unique pentasaccharide sequence, →4)-a-D-GlcNS6S(1→4)-a-D-GlcA(1→4)-a-D-GlcN2S3S6S(1→4)a-L-Ido2S(1→4)-a-D-GlcNS6S(1→ (where GlcA is
glucopyranosyluronic acid), found within heparin
binds antithrombin III (ATIII) affording heparin its
full anticoagulant activity [4,6,19]. This heparin pentasaccharide is sufficiently large to bind to ATIII
and inhibit factor Xa. However, the minimum sized
heparin chain required for ATIII mediated inhibition of factor IIa (thrombin) is a hexadecasaccharide [20]. The structure of acharan sulfate contains
no GlcA residue nor any GlcN2S3S6S residues,
both critically important for binding ATIII [21].
Thus, sulfonation of acharan sulfate alone cannot
generate a complete ATIII pentasaccharide binding site. It appears therefore that factor IIa activity
is inhibited by N-sulfoacharan sulfate through an
ATIII independent pathway [22,23]. There are several examples of neutral and acidic polysaccharides
that have been O-sulfonated resulting in derivatives that exhibit AT III independent anti–factor
IIa activity [24–26]. The current study suggests that
enhanced levels of both N- and O-sulfo groups
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increase AT III indepedent anti–factor IIa activity.
Further studies are required to examine the anticoagulant activity of more fully N- and O-sulfonated
acharan sulfates. The modified N-sulfoacharan sulfate derivatives prepared in this study are currently
being evaluated for new biological activities including antiviral and growth factor regulating activities.
This work was supported from Korea Science Foundation Grants
961-0720-114-2 and Ministry of Health and Welfare HMP-96-D1-1002 (YSK) and NIH Grants GM38060 and HL52622 (RJL).
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