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Abstract

The brown algae Padina gymnospora contain different fucans. Pow-
dered algae were submitted to proteolysis with the proteolytic enzyme
maxataze. The first extract of the algae was constituted of polysaccha-
rides contaminated with lipids, phenols, etc. Fractionation of the
fucans with increasing concentrations of acetone produced fractions
with different proportions of fucose, xylose, uronic acid, galactose,
and sulfate. One of the fractions, precipitated with 50% acetone (v/v),
contained an 18-kDa heterofucan (PF1), which was further purified by
gel-permeation chromatography on Sephadex G-75 using 0.2 M acetic
acid as eluent and characterized by agarose gel electrophoresis in 0.05
M 1,3 diaminopropane/acetate buffer at pH 9.0, methylation and
nuclear magnetic resonance spectroscopy. Structural analysis indi-
cates that this fucan has a central core consisting mainly of 3-ß-D-
glucuronic acid 1→ or 4-ß-D-glucuronic acid 1 →, substituted at C-2
with α-L-fucose or ß-D-xylose. Sulfate groups were only detected at
C-3 of 4-α-L-fucose 1→ units. The anticoagulant activity of the PF1
(only 2.5-fold lesser than low molecular weight heparin) estimated by
activated partial thromboplastin time was completely abolished upon
desulfation by solvolysis in dimethyl sulfoxide, indicating that 3-O-
sulfation at C-3 of 4-α-L-fucose 1→ units is responsible for the
anticoagulant activity of the polymer.
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Introduction

Brown algae contain a wide variety of
acid polysaccharides such as the alginic acids,
consisting exclusively of uronic acid, the
homo fucans, consisting of sulfated fucan,
and the heterofucans, that contain portions
of other neutral sugars and uronic acids in
addition to sulfated fucose (1,2). In these

cases, branches, a complex distribution of
sulfate and occasionally acetyl groups may
be observed (3,4).

All algal fucans have complex structures
but recent studies have revealed ordered re-
peated units in homofucans from several
species. These studies clearly show that sev-
eral homofucans have large proportions of
both α-(1→3) and α-(1→4) glycosidic link-



524

Braz J Med Biol Res 38(4) 2005

T.M.A. Silva et al.

ages with sulfate groups at C-2, without
excluding the presence of other sulfates,
acetyl groups or branches at positions 2, 3 or
4 (5,6). Furthermore, little is known about
the structural features of the heterofucans.
Most of the difficulties of structural studies
arise from the fact that these compounds are
very heterogeneous, yielding complex nuclear
magnetic resonance (NMR) spectra with
broad signals and thereby interfering with
resolution. In fact, for these algal polysac-
charides even high-field NMR provides data
of limited value, and complete descriptions
of their structures are not available (7).

Since the first description of fucans from
algae, these polysaccharides have been tested
for biological activities in different mamma-
lian systems. Algal fucans have anticoagu-
lant/antithrombotic (5,8,9), anticomplement
(10), antiproliferative (11), antiviral (12),
and antiadhesive activities (13). However,
the relationship between structure and bio-
logical activity of fucans has not been fully
elucidated.

Several homofucans with demonstrated
anticoagulant activity have been extracted
from different brown seaweeds (5,14). How-
ever, there are only few reports of their
mechanism of action. In general, the pro-
posed mechanism is predominantly medi-
ated by antithrombin and/or heparin co-fac-
tor II.

The composition of algal fucans varies
according to species (15), extraction proce-
dure (8), season of harvest, and local cli-
matic conditions (2). Thus, each newly de-
scribed fucan is a unique compound with
unique structural features, consequently hav-
ing the potential of being used as a novel
drug.

On the basis of these considerations, the
purpose of the present study was to obtain
heterofucans from the seaweed Padina gym-
nospora, to compare their anticoagulant ac-
tivity with heparin and low molecular weight
heparin and to determine the structural re-
quirement for anticoagulant activity.

Material and Methods

Material

Chemicals of analytical grade were pur-
chased from Quimis (São Paulo, SP, Brazil),
Vetec (São Paulo, SP, Brazil) and Merck
(São Paulo, SP, Brazil). Chondroitin 4-sul-
fate was purchased from Miles Laboratories
(Elkhart, IN, USA). Propylenediamine (1,3-
diaminopropane) was purchased from
Aldrich (Milwaukee, WI, USA). Heparan
sulfate, dermatan sulfate, glucose, glucuronic
acid, xylose, fucose, galactose, and mannose
were purchased from Sigma (St. Louis, MO,
USA). Standard Low-mr agarose was pur-
chased from BioRad (Richmond, CA, USA).
Heparin from bovine lung (175 IU) was a
gift from Dr. Carl Peter von Dietrich, De-
partment of Biochemistry, UNIFESP.

Extraction and purification

The marine alga Padina gymnospora was
collected along the southern coast of Natal,
RN, Brazil. Immediately after collection, the
algae were identified by Dr. Heliane Marinho
from Centro de Biociências/UFRN, Natal,
RN, Brazil. The algae were stored in our
laboratories and dried at 50ºC under ventila-
tion in an oven, ground in a blender and
incubated with acetone to eliminate lipids
and pigments. About 50 g of powdered algae
was suspended with 5 volumes of 0.25 M
NaCl and the pH was adjusted to 8.0 with
NaOH. Ten milligrams maxataze, an alka-
line protease from Esporobacillus (BioBrás,
Montes Claros, MG, Brazil), was then added
to the mixture for proteolytic digestion. Af-
ter incubation for 24 h at 60ºC under shaking
and periodical adjustments of pH, the mix-
ture was filtered through cheesecloth and
precipitated with 0.3 volumes of ice-cold
acetone under gentle shaking at 4ºC. The
solution was left to stand at the same temper-
ature for an additional 24 h. The precipitate
formed was collected by centrifugation at
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10,000 g for 20 min, dried under vacuum,
resuspended in distilled water, and analyzed.
Acetone at 0.5, 0.8, 1.0 and 1.5 volumes,
calculated from the initial solution, was added
to the supernatant and precipitated as de-
scribed above. Five fractions were obtained
and were named according to the volumes of
acetone used. The fraction precipitated with
1.0 volume of acetone was subjected to gel-
permeation chromatography on Sephadex
G-75 (120 x 1.8 cm), using 0.2 M acetic acid
as eluent. The elution was monitored for
uronic acid (16) and total sugar (17). The
polysaccharides eluted were dialyzed against
water, freeze-dried and used in the antico-
agulant assays.

Chemical methods and composition

The content of uronic acid (16), fucose
(18) and total sugars (17) was estimated by
colorimetric methods. After acid hydrolysis
of the polysaccharides (6 N HCl, 100ºC, 6 h)
sulfate content was measured by a turbidi-
metric method, as described previously (19).
The sugar composition of the polymers was
determined by paper chromatography in
isobutyric acid: 1 M NH4OH, 5:3 (v/v), or n-
butanol:pyridine: water, 3:1:1 by volume, for
24 h and by gas-liquid chromatography of
derived alditol acetates (20). The type of
uronic acid was determined by electrophore-
sis on Whatman No. 3 MM paper in 0.25 M
ammonium formate buffer, pH 2.7, at 300 V
(21). Protein content was measured by the
method of Lowry et al. (22).

Agarose gel electrophoresis

Agarose gel electrophoresis of the acid
polysaccharides was performed on 0.6% aga-
rose gels (7.5 x 10 cm, 0.2 cm thick) pre-
pared in four different buffers: 0.05 M 1,3-
diaminopropane/acetate buffer, pH 9.0; dis-
continuous buffer containing 0.04 M barium
acetate, pH 4.0/0.05 M diaminopropane ace-
tate, pH 9.0, and 0.05 M phosphate buffer,

pH 8.0, as described by Dietrich et al. (23).
Aliquots of the fractions (about 50 µg) were
applied to the gel and run for 1 h at 100 V. The
compounds in the gel were fixed with 0.1%
N-cetyl-N,N,N-trimethylammonium bromide
for 4 h. The gel was dried and stained for 15
min with 0.1% Toluidine blue in acetic
acid:ethanol:water (0.1:5:4.9, v/v) and
destained with the same solution without
Toluidine blue. For visualization of the
polyuronides, the gel was restained with
Toluidine blue and destained with 0.1 M
sodium acetate buffer, pH 4.2 (24).

Desulfation of PF1

About 20 mg of the polysaccharide was
dissolved in 5 ml of distilled water and mixed
with 1 g (dry weight) of Dowex 50-W (H+,
200-400 mesh). After neutralization with
pyridine, solutions were lyophilized. The
resulting pyridinium salt was dissolved in
2.5 ml dimethyl sulfoxide:methanol (9:1, v/v)
(25). The mixture was heated at 80ºC for 4 h,
and the desulfated products were exhaus-
tively dialyzed against distilled water and
lyophilized. The extent of desulfation was
estimated by the molar ratio of sulfate/total
sugar (17,19).

Carboxyreduction and methylation

Native and desulfated fucans were re-
duced using NaBD4 and 1-cyclohexyl-3-(2-
morpholinoethyl) carbodiimide metho-p-tolu-
ene sulfonate as described previously (20).
Polysaccharides (10 mg) were subjected to
three rounds of methylation as described
(26,27). Methylated polymers were hydro-
lyzed in 6 M trifluoroacetic acid for 5 h at
100ºC and reduced with NaBD4 and the
alditols were acetylated with acetic
anhydride:pyridine (1:1, v/v) (28). The alditol
acetates of methylated sugars were dissolved
in chloroform and analyzed with a gas chro-
matograph/mass spectrometer model 5890;
Hewlett Packard.
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the fractions obtained with different volumes
of acetone were compared. Thus, uronic
acid was the main sugar present in the
polymers precipitated with 0.3, 0.5 and 0.8
volumes of acetone. The higher content of
uronic acid in these fractions may be ex-
plained by the presence of alginic acid. Fur-
thermore, neutral sugars were found in larger
amounts in fractions 1.0 and 1.5. Since glu-
cose was not detected, it is unlikely that
these fractions were contaminated with
laminarans, a group of ß-D-glucans found in
brown algae.

Agarose gel electrophoresis analysis of the
polysaccharides from the different acetone
fractions

The polysaccharides from the different
acetone fractions were subjected to agarose
gel electrophoresis in diaminopropane-
acetate buffer (Figure 1A). Electrophoresis
revealed the presence of two or three bands
in several fractions while the fractions ob-
tained with 1.0 and 1.5 volumes of acetone
showed a single band each. Figure 1B
shows the same agarose gel restained and
destained with sodium acetate buffer. This
procedure revealed the presence of a fourth
compound (alginic acid) in the fractions
obtained with 0.3 and 0.8 volumes of ac-
etone.

Fractions 1.0 and 1.5 were found to be
more homogeneous than the other fractions,
but, due to the small amount of fraction 1.5
(Table 1), we chose fraction 1.0 for further
study. This fucan showed a single compo-
nent by agarose gel electrophoresis and high
anticoagulant activity compared to the other
polysaccharides.

Purification and chemical characterization of
fraction 1.0

Fraction 1.0 was applied to a Sephadex
G-75 column (Figure 2) and eluted with 0.2
M acetic acid. Fractions of approximately

Fourier transform-infrared spectroscopy

The Fourier transform-infrared spectrum
(FT-IR) was recorded with an IR spectro-
photometer (model 8300; Shimadzu, Tokyo,
Japan) between 400 and 4000 cm-1. The
samples (10 mg) were analyzed as a KBr
pellet.

13C-NMR

Fifty milligrams of the sample was dis-
solved in D2O and the 13C-NMR spectrum
obtained using a Bruker (DRX 600; Bremen,
Germany) spectrometer at 60ºC.

Anticoagulant activity

The activated partial thromboplastin time
(aPTT) was determined using citrated nor-
mal human plasma according to the manu-
facturer specifications (Labtest, São Paulo,
SP, Brazil). For the prothrombin time (PT)
assay, 90 µl of citrated normal human plasma
was mixed with 10 µl of a purified fucan
F1 (PF1) solution at different concentrations
and incubated for 1 min at 37ºC. The PT
assay reagent (200 µl), preincubated for 10
min at 37ºC, was then added and the clotting
time recorded with a Quick Times coagu-
lometer (Drake Ltda., São Paulo, SP, Bra-
zil).

Results

Fractionation and sugar composition of the
polysaccharides from the different acetone
fractions

The compositions of the polysaccharides
obtained from different acetone fractions are
shown in Table 1. With the exception of
fraction 0.3, all fractions contained uronic
acid, xylose, galactose, fucose, sulfate,
and a small amount of protein (0.6-5.8%).
However, differences in the relative propor-
tions of the sugars were observed when
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Table 1. Partial chemical composition of acidic polysaccharides obtained from Padina
gymnospora by acetone precipitation.

Fraction Total Protein Molar ratio
(acetone sugar (%)*
volume) (%)* Fucose Xylose Uronic acid Galactose Mannose Sulfate

0.3 38.7 5.8 1 0.1 2.6 - 0.1 1.2
0.5 16.0 4.6 1 0.5 3.1 0.6 - 2.5
0.8 26.0 3.2 1 0.6 2.7 0.4 - 0.6
1.0 16.0 1.6 1 0.4 1.5 0.3 <0.001 1.5
1.5  3.2 0.6 1 0.3 1.0 0.2 - 1.3

*Calculated in relation to total weight. Acetone volume is volume of acetone added
to 1.0 volume of extract.

Figure 1. Agarose gel electrophoresis of sulfated
fucans extracted from Padina gymnospora. Sulfated
fucans were extracted after maxataze digestion and
partially purified by acetone precipitation. The sulfated
fucans (50 µg) were applied to 0.5% agarose, and
electrophoresis was carried out for 1 h at 110 V in 0.05
M 1,3-diaminopropane/acetate, pH 9.0. Gels were
then maintained in 0.1% N-cetyl-N,N,N-trimethylam-
monium bromide solution for 4 h and dried. The poly-
saccharides in the gel were stained with 0.1% Tolui-
dine blue in acetic acid/ethanol/water (0.1:1:5, v/v) for
15 min and destained with acetic acid/ethanol/water
(0.1:1:5, v/v) (A) or with 0.1 M sodium acetate, pH 4.0,
in water for 5 min (B). Standard of glycosaminogly-
cans: chondroitin sulfate (CS), dermatan sulfate (DS)
and heparan sulfate (HS), 5 µg each. OR = origin. The
definition of acetone fractions is given in the legend to
Table 1.)

CS
DS

HS

0.3 0.5 0.8 0.3 0.5 0.8
OR

Figure 2. Gel filtration of fraction 1.0. The fraction
precipitated with 1.0 volume of acetone was applied
to a Sephadex G-75 column (1.8 x 120 cm). The col-
umn was eluted with 0.2 M acetic acid, 1-ml fractions
were collected and the effluent was analyzed for the
presence of sugars by the phenol-H2SO4 method (20).
The arrows indicate the void volume (V0) and the total
volume (Vt).
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once again that the compound was essen-
tially homogeneous and free of other acidic
polysaccharide fractions.

Fourier transform-infrared spectra of PF1

The FT-IR spectra of PF1 showed an
intense absorption band at 1264 cm-1 (S=O)
common to all sulfate esters (Figure 4). An
additional sulfate absorption band at 822
cm-1 (C-O-S, equatorial sulfate) indicated
that most sulfate groups are located at posi-
tions 2 and/or 3. Absorption bands at 3330
cm-1 and 1648 cm-1 correspond to hydroxyl
and carboxyl groups, respectively. In addi-
tion, we did not find absorption bands around
1720 cm-1, which would have indicated the
presence of O-acetyl groups.

13C-NMR spectroscopy of PF1

The 13C-NMR spectrum of PF1 (Figure
5) showed peaks at 101-101.5 ppm corre-
sponding to C-1 of 4-α-L-fucose and 3
(OSO3)-1 and C-1 of 3-α-L-fucose-1, re-
spectively. The signals at 77.5 ppm (C-3),
80.5 ppm (C-4) and 18 ppm (C-6) confirmed
the presence of sulfated fucose. The same
spectrum also showed peaks at 105.0-106.2
ppm corresponding to ß-D-glucuronic acid
and 103.2 corresponding to 4-ß-D-xylose-1,
in agreement with the methylation analysis.
Absorption at 99.0 ppm may correspond to
3,6-di-substituted ß-D-galactose. Minor sig-
nals observed at 81.5 and 69.0 ppm con-
firmed 3,6-disubstituted ß-D-galactose units.
The signal observed at 32 ppm may be attrib-
uted to acetone.

Methylation analysis of PF1 and desulfated PF1

The results of the methylation analysis of
intact and desulfated PF1 are shown in Table
3. The methylated derivatives obtained from
PF1 suggest the presence of a central core
composed of 3- or 4-linked ß-D-glucuronic
acid with minor amounts of 3- or 4-linked

CS

DS

HS

CS

DS
HS

CS/DS

HS

PF1 St PF1 St PF1 St

Figure 3. Agarose gel electrophoresis of fraction PF1. Fraction PF1 (50 µg) obtained from
the Sephadex G-75 column was subjected to electrophoresis in 40 mM barium acetate
buffer, pH 4.0 (A); 50 mM sodium phosphate buffer, pH 8.0 (B); 50 mM diaminopropane/
acetate buffer, pH 9.0 (C) as described in Material and Methods. St = standard of
glycosaminoglycans: chondroitin sulfate (CS), dermatan sulfate (DS) and heparan sulfate
(HS), 5 µg each.

A B C

Table 2. Partial chemical composition of the
polysaccharide fractions obtained from the Sepha-
dex G-75 column.

Fraction PF1 PF2

Polysaccharides (%)* 78 32
Protein (%)** 0.6 50
Molar ratios

Fucose 1 1
Xylose 0.3 0.2
Uronic acid 1.3 1.2
Galactose 0.2 0.15
Mannose Trace -
Sulfate 0.4 0.3

*Determined by the phenol-H2SO4 reaction (17).
**Calculated in relation to total weight.

1 ml were collected. Two peaks were ob-
tained and denoted PF1 (fraction numbers
34-54), with 18,000 kDa, and PF2 (fraction
numbers 56-82). The chemical composition
of PF1 and PF2 is shown in Table 2. PF1 is a
heterofucan with a high content of uronic
acid and low contamination with protein.
Electrophoresis in formate buffer showed
that glucuronic acid is the single uronic acid
present in PF1. PF2 showed a higher level of
contamination with proteins and was dis-
carded. PF1 was subjected to agarose gel
electrophoresis using three different buffer
systems (Figure 3). In all of them PF1
migrated as a single component, showing
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Figure 5. 13C-NMR spectrum at
500 MHz of sulfated fucans
from the brown alga Padina
gymnospora. The spectrum was
recorded at 60ºC in a D2O solu-
tion of fraction PF1.

galactose units. Almost 50% of 3-linked
glucuronic acid units are branched at C-2.
The branches of galactoses should be at C-
6, C-2 or C-3 on disubstituted galactose. The
fucose chains are made up of 3- and 4-linked
fucose; in addition, minor amounts of 4-
linked fucose are branched at C-2 with chains
of xylose and/or fucose. Desulfation elimi-
nated about 76% of the sulfate groups in
PF1. The 3,4-disubstituted fucosyl residues
almost disappeared in the desulfated PF1, sug-
gesting that most are sulfated at C-3, in agree-
ment with NMR analysis and IR spectrum
results. The high content of non-reducing fu-
cose and xylopyranose terminal residues indi-
cated that PF1 is a highly branched polymer.

Anticoagulant activity

The PT and the aPTT tests are used to
distinguish the effects on extrinsic and intrin-

Figure 4. The Fourier transform-
infrared (FT-IR) spectrum of
fucans from Padina gymnospora
at 4000 and 400 cm-1 in potas-
sium bromide table. A, PF1
fucan; B, desulfated fucan.
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separated into PF1 and PF2 by Sephadex G-
75. Only PF1 showed anticoagulant activity
(only 2.5-fold lesser than low molecular
weight heparin). Desulfation of PF1 by sol-
volysis in dimethyl sulfoxide abolished its
anticoagulant activity.

Discussion

In the present study, the brown seaweed
Padina gymnospora was treated with ac-
etone to remove lipids, pigments and manni-
tol. Proteolysis with maxataze resulted in a
low level of contamination with proteins.
This step was important because fucans bind
to a large number of proteins by an ion-
exchange process. Subsequently, the extract
was submitted to fractionation with different
concentrations of acetone.

The electrophoretic profiles of the poly-
saccharides obtained in fractions 0.3, 0.5
and 0.8 showed the presence of two or three
bands, while those from fractions 1.0 and 1.5
showed a single band each. All fractions
were demonstrated to contain uronic acid,
xylose, galactose, fucose, and sulfate. How-
ever, there were differences in the relative
proportions of the sugars, suggesting the
presence of different fucans in P. gymno-
spora. At least three different polysaccha-
rides have been demonstrated in heterofucan
preparations from Sargassum vulgare, Dic-
tyota mertensis (15), Spatoglossum schröe-
deri (24), and Sargassum stenophylum (29).

All fractions contained similar monosac-
charide components. Fractions 0.3 and 0.5
had no anticoagulant activity, while fraction
0.8 had minimal activity, probably because
this fraction is a mixture of polysaccharides,
as observed in Figure 1. Due to the small
amount of fraction 1.5 and the higher antico-
agulant activity of fraction 1.0, we concen-
trated the structural studies on the latter frac-
tion denoted PF1.

Chemical studies showed that PF1 is a
glucuronofucan containing minor quantities
of xylose and galactose and traces of man-

Table 3. Methylation analyses of native and desulfated PF1.

Glycosyl residue Position of the Deduced position PF1 Desulfated
O-methyl group of substitution (mol %) PF1 (mol %)

Xylosyl 2,3,4 Terminal 9.0 5.7
2,3 4 4.0 4.9

Fucosyl 2,3,4 Terminal 5.2 6.0
2,3 4 3.2 11.9
2,4 3 9.4 10.3
2 3,4 13.2 3.5
3 2,4 5.3 4.5

Galactosyl 2,4 3,6 4.4 4.9
3 + 4 2,4,6 + 2,3,6 4.2 5.0

Glucuronic acid 2,3,6 4 12.1 13.8
2,4,6 3 16.5 16.9
4,6 2,3 13.5 12.6

sic coagulation pathways, respectively. None
of the fractions had an anti-clotting effect
when examined by the PT test. In contrast,
the aPTT test revealed anticoagulant activity
in fractions 0.8, 1.0, and 1.5. Fraction 1.0,
with the highest anticoagulant activity, was

Table 4. Anticoagulant activity of fucans from Padina gymnospora.

Polysaccharide aPTT (s)

    Amount of polysaccharide (µg)

20 µg 60 µg 100 µg

Fucan
0.3 nd nd nd
0.5 nd nd nd
0.8 45 s 74.9 s 78.8 s
1.0 67.4 s 109 s >240 s
1.5 46 s 74.2 s 105.6 s
PF1 50.2 s 119 s >240 s
DPF1 nd nd nd
PF2 nd nd nd

Heparin aPTT (s)

    Amount of polysaccharide (µg)

1 µg 6 µg 9 µg

UFH 88 s >240 s >240 s
LMW heparin (Clexane®) 47 s 107 s >240 s

The standard deviation was 8-12% for three measurements for each sample. aPTT =
activated partial thromboplastin time; UFH = unfractionated heparin; DPF1 =
desulfated PF1; nd = anticoagulant activity not detectable; LMW = low molecular
weight. The aPTT of normal human plasma was 38.9 s. Heparin from bovine lung (175
IU) was used as reference.
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nose. FT-IR studies revealed characteristic
absorption bands of sulfated polysaccharides
(5). There was notable absorption at 1264
cm-1 (S=O stretching) and 822 cm-1 (C-O-S
bending of sulfates in an equatorial position)
(24). The 822 cm-1 absorption is generally
attributed to O-3 and/or O-2 sulfates in fu-
cose residues (6). No absorption attributable
to O-4 axial sulfates was found (around 840
cm-1). The molecular weight of PF1 (18 kDa)
is similar to that reported for other brown
seaweed fucans (24,30,31) although in many
cases products with values higher than 50,000
were also reported (3,31).

Structural studies clearly show that sev-
eral homofucans have large proportions of
both α-(1→3) and α-(1→4) glycoside link-
ages with the sulfate groups at C-2, without
excluding the presence of other sulfate groups
or branches at positions 2, 3 or 4 (4,5).
However, heterofucans are more complex
than homofucans. The glucuronic acid and
fucose domains of the glucuronofucan PF1
were analyzed separately since one of them
could be a linear backbone or side chain.
Nagaoka et al. (31) proposed that a fucan
from C. okamuranus contains a linear back-
bone of (1→3) linked fucose. Parts of its
fucose units were substituted with (1→2)
linked α-glucuronic acid (29). Furthermore,
Abdel-Fattah et al. (32) isolated a fucan from
S. linifolium containing a central core made
of ß-D-glucuronic acid and ß-D-mannose
and Leite et al. (24) showed a xylofucoglucu-
ronan composed of a core of (1→3) linked ß-
D-glucuronic acid with branches at C-4 of
(1→3) linked α-fucose chains. Our data in-
dicate that the fucose from PF1 was mostly
substituted at C-2 with chains of (1→4) linked
ß-D-xylose.

Like many other native fucans, PF1 had a
very complex 13C-NMR spectrum, which
was difficult to interpret. Unambiguous as-
signment of all peaks was not possible due to
peak overlapping. Several intense signals
appeared in anomeric (101-101.5 ppm) and
high-field (16.8-18.0 ppm) regions, a phe-

nomenon typical of 3- and 4-linked α-
fucopyranosides (4). The presence of 3-O-
sulfated fucose was confirmed by the signals
at 77.5 ppm (C-3) and 80.5 ppm (C-4), as
also observed by Chevolot et al. (5). No
signal was observed at 20-25 ppm, a fact that
might indicate the presence of acetyl groups
(3).

The methylation analysis of native and
desulfated PF1 (Table 3) suggested a highly
branched molecule with approximately 14%
of non-reducing terminal units. The fucose
appeared mainly methylated at C-2 and
dimethylated at C-2 and C-4. A significant
amount of 3-O-methyl and 2,3-di-O-methyl-
fucose was also found, together with termi-
nal 2,3,4-tri-O-methylfucose. After desulfa-
tion, the amount of 2,3-di-O-methylfucose
increased mostly at the expense of 2-O-meth-
ylfucose. Minor increases of 2,3,4-tri-O-
methylfucose were also observed, while the
proportion of other fucose residues remained
mostly unchanged. These results suggest that
the “fucan” (fucose domain) chains were
formed by large amounts of (1→4) linked
fucose units (±46% sulfated at C-3) together
with lesser quantities of (1→3) linked fu-
cose units. This structure profile is similar to
that observed in homofucans. This is the first
report of a fucan with fucose sulfated only at
C-3. The (1→4) linked fucose units (±25%)
could be branched through C-2 by (1→4)
linked xylose residues or fucosyl/xylosyl end-
chain residues, as previously observed by
Leite et al. (24) in a fucan from Spatoglossum
schröederi. The glucuronic domain was
formed by (1→3) and (1→4) linked glucu-
ronic acid units together with a smaller quan-
tity of 3- and 4-linked galactose units. Al-
most 50% of 3-linked glucuronic acid units
are branched at C-2. The branches should be
at C-6, C-2 or C-3 in disubstituted galactose.

Several studies have reported the antico-
agulant activity of fucans from brown algae
(8,33,34). It was previously reported that
only homofucans induce anticoagulant ac-
tivity (5,35,36). However, relatively few stud-
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ies have interpreted the biological activity of
fucans in terms of molecular structure. The
anticoagulant activity of fucan is unlikely to
be merely a charge density effect; rather it
depends critically on the distribution pattern
of sulfate groups (33) and the size of the
molecule (35). Chevolot et al. (5) demon-
strated that the anticoagulant activity of a
homofucan from A. nodosum with a high
proportion of (1→4) linkage was related to
2-O-sulfation and 2,3-disulfation (5). It was
also observed that desulfation of PF1 re-
sulted in loss of anticoagulant activity. Thus,
the presence of 3-O-sulfated (1→4) linked
fucose in PF1 could be related to the higher

anticoagulant activity of this heterofucan.
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