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Sulfated fucan as support for antibiotic immobilization
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Abstract

Xylofucoglucuronan from Spatoglossum schröederi algae was tested
as a support for antibiotic immobilization. The polysaccharide (20 mg
in 6 ml) was first activated using carbodiimide, 1-ethyl-3-(3-
dimethylamino-propyl)carbodiimide methiodide (20 mg in 2 ml),
under stirring for 1 h at 25ºC and pH from 4.5 to 5.0. After adjusting
the pH to 8.0, either gentamicin or amikacin (62.5 mg in 1.25 ml) was
then immobilized on this chemically modified polysaccharide with
shaking for 24 h in a cold room. Infrared spectra of the activated
carbodiimide xylofucoglucuronan showed two bands to carbonyl
(C = O at 1647.9 and 1700.7 cm-1) and to amide (C⇑-NH2) groups
(1662.8 and 1714.0 cm-1). Microbial characterization of the deriva-
tives was carried out by the disk diffusion method using Staphylococ-
cus aureus or Klebsiella pneumoniae incorporated in Müller Hinton
medium. Inhibition halos of bacterial growth were observed for the
antibiotics immobilized on this sulfated heteropolysaccharide before
and after dialysis. However, the halos resulting from the samples after
dialysis were much smaller, suggesting that dialysis removed either
non-covalently bound antibiotic or other small molecules. In contrast,
bacterial growth was not inhibited by either xylofucoglucuronan or its
activated form or by gentamicin or amikacin after dialysis. An addi-
tional experiment was carried out which demonstrated that the sul-
fated heteropolysaccharide was hydrolyzed by the microorganism.
Therefore, the antibiotic immobilized on xylofucoglucuronan can be
proposed as a controlled drug delivery system. Furthermore, this
sulfated heteropolysaccharide can be extracted easily from sea algae
Spatoglossum schröederi.
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Fucans are sulfated polysaccharides pres-
ent in Phaeophyceae algae and L-fucose is
the main sugar in these polymers (1,2). A
sulfated heteropolysaccharide from the ma-
rine algae Spatoglossum schröederi showed
a molecular mass of 19 kDa determined by
high performance liquid chromatography (3).
This polymer was characterized by acid and

enzymatic hydrolysis, infrared spectroscopy,
and nuclear magnetic resonance. Its struc-
ture was proposed as a xylofucoglucuronan,
with the central core of the polymer consist-
ing of polyglucuronate with ß-(1→4) link-
age, lateral chains of sulfated fucose with α-
(1→2), α-(1→3), and xylose ß-(1→4). There
has been increasing interest in sulfated fucans
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because they present several pharmacologi-
cal properties such as anticoagulant (4-7),
anti-tumor (8-10), anti-viral (11), and anti-
adhesive (12) activities.

Xylofucoglucuronan from S. schröederi
algae is proposed here as a support for anti-
biotic immobilization. This polymer con-
tains functional groups available to bind bio-
logically active molecules. Also it shows
characteristics similar to those of hyaluronic
acid that has already been studied as a drug
carrier (13). Gentamicin and amikacin and
Staphylococcus aureus and Klebsiella pneu-
moniae were used as antibiotic and microor-
ganism models, respectively. This class of
antibiotics has free NH2 groups that can be
covalently linked to the xylofucoglucuronan
molecule.

The S. schröederi xylofucoglucuronan
(20 mg) was kindly provided by Dr. Edda
Leite, Departamento de Bioquímica, Uni-
versidade Federal do Rio Grande do Norte,
Natal, RN, Brazil, and its chemical modifi-
cation was monitored by its infrared spec-
trum using a Bruker IFF66 spectrophotom-
eter (Karlsruhe, Baden-Wurttenberg, Ger-
many) from 4000 to 400 cm-1. A small band
at 2075.6 cm-1 was found which corresponds
to the N = C = N groups typical of carbodiim-
ide. Two bands were also observed, a strong
one at 1847.9 cm-1 and a slight one at 1700.7
cm-1 which correspond to the C = O, possibly
from ester groups, suggesting the carboxyl
group activation of the xylofucoglucuronan.
The gentamicin spectrum presented a band
at 3417.3 cm-1 relative to either the OH or
NH2 and another stronger band at 1124.3 cm-1

typical of C-N. The infrared spectrum of
gentamicin immobilized on xylofucoglucu-
ronan before dialysis was similar to the spec-
trum of just the antibiotic. However, the
derivative spectrum obtained after dialysis
presented two small bands, 1662.8 and
1714.0 cm-1, that suggest amide linkage re-
sulting from the attachment of the antibiotic
to the polymer.

The antibiotics amikacin sulfate (No-

vamin) and gentamicin sulfate were pur-
chased from Bristol-Myers Squibb, São
Paulo, SP, Brazil, and Paisley, Scotland, re-
spectively. Carbodiimide, 1-ethyl-3-(3-
dimethylamino-propyl)carbodiimide methio-
dide, was purchased from Sigma, St. Louis,
MO, USA. All other reagents were of analyt-
ical grade.

Xylofucoglucuronan (20 mg) was dis-
solved in 6 ml distilled water and the pH was
adjusted to 4.7 with 0.1 M hydrochloric acid.
The carbodiimide (10 mg/ml - 2 ml) was
added under stirring for 1 h with pH control
from 4.5 to 5.0. The pH was then adjusted to
8.0 with 0.1 M sodium hydroxide. An antibi-
otic solution (50 mg/ml - 1.25 ml) was added
to the xylofucoglucuronan-carbodiimide ac-
tivated solution and the mixture was main-
tained with shaking for 24 h in a cold room.
After immobilization, the derivatives ob-
tained were dialyzed for 24 h against water,
with water changes every 4 h to remove
excess antibiotic and other undesirable un-
bound compounds which remained after xy-
lofucoglucuronan activation.

The bacterial sensitivity assay used was
disc diffusion according to the method of
Bauer et al. (14). S. aureus DAUFPE 01 and
K. pneumoniae DAUFPE 396 were from the
culture collection of the Departamento de
Antibióticos, Universidade Federal de Per-
nambuco, Recife, PE, Brazil.

The sensitivity of K. pneumoniae to the
derivatives obtained from gentamicin immo-
bilized on xylofucoglucuronan is shown in
Table 1. Standard gentamicin showed an
inhibition halo 23 mm in diameter, whereas
dialyzed gentamicin did not present an inhi-
bition halo, suggesting that the antibiotic
was removed during dialysis. Gentamicin
immobilized on xylofucoglucuronan pre-
sented an inhibition halo 19 mm in diameter
(82.6%) before dialysis and 12 mm in diam-
eter (52.2%) after dialysis, showing that a
reduction of about 30% in the microorgan-
ism growth inhibition occurred after dialy-
sis. This means that either all the antibiotic
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was not bound to xylofucoglucuronan or
small derivative molecules were removed
during dialysis. Xylofucoglucuronan and
activated xylofucoglucuronan did not pres-
ent a halo of microorganism growth inhibi-
tion. The sensitivity of S. aureus to the de-
rivatives obtained from gentamicin immobi-
lization on xylofucoglucuronan is also shown
in Table 1. Gentamicin presented an inhibi-
tion halo 27 mm in diameter and dialyzed
gentamicin did not show any inhibition halo,
showing once again that gentamicin was
removed by dialysis. The effect of gentami-
cin immobilized on xylofucoglucuronan ob-
served from the results of the sensitivity
assay for S. aureus differed little from that
recorded for K. pneumoniae. The inhibition
halo obtained with the antibiotic immobi-
lized before dialysis was 25 mm in diameter
(92.6% inhibition) and was then reduced to
18 mm in diameter (66. 7% inhibition), show-
ing a 26% reduction of microorganism growth
inhibition after derivative dialysis. This re-
duction could be attributed to the fact that
the antibiotic was not bound to the polysac-
charide or to the removal of small derivative
molecules after dialysis. Also, xylofucoglu-
curonan and activated xylofucoglucuronan
did not present inhibition of microorganism
growth.

The assay of bacterial sensitivity to ami-
kacin immobilized on xylofucoglucuronan
is shown in Table 2. First, standard amikacin
presented a halo of K. pneumoniae inhibi-
tion measuring 29 mm in diameter. The dia-
lyzed amikacin sample did not present an
inhibition halo. Therefore, this result also
suggests that the antibiotic not immobilized
on the polymer was completely removed
during the dialysis process. Amikacin im-
mobilized on xylofucoglucuronan presented
an inhibition halo 29 mm in diameter before
dialysis (100% inhibition). On the other hand,
amikacin immobilized on the polymer pre-
sented an inhibition halo 17 mm in diameter
after dialysis, that corresponded to 58.6%
inhibition. These data also show that there
was a 41.4% reduction in microorganism
growth inhibition, which suggests that the
unbound antibiotic and/or the small deriva-
tive molecules were removed by dialysis.
The assay of S. aureus sensitivity to standard
amikacin (Table 2) showed a microorganism
growth inhibition halo measuring 22 mm in
diameter, whereas dialyzed amikacin did not
show any inhibition halo. Furthermore, ami-
kacin immobilized on xylofucoglucuronan
presented an inhibition halo 22 mm in diam-
eter before dialysis (100% inhibition), which
was reduced to 17 mm in diameter (77.3%

Table 1. Sensitivity of Klebsiella pneumoniae and Staphylococcus aureus to gentamicin immobilized on
xylofucoglucuronan.

Preparation Klebsiella pneumoniae Staphylococcus aureus

Inhibition halo Inhibition Inhibition halo Inhibition
diameter  (%) diameter (%)

  (mm) (mm)

Gentamicin1 23 100 27 100
Dialyzed gentamicin1 0 0 0 0
Xylofucoglucuronan2 0 0 0 0
Xylofucoglucuronan activated with carbodiimide2 0 0 0 0
Gentamicin immobilized on xylofucoglucuronan 19 82.6 25 92.6
before dialysis1

Gentamicin immobilized on xylofucoglucuronan 12 52.2 18 66.7
after dialysis3

1Ten microliters gentamicin (100 µg) was applied to the disk. 2Thirty microliters xylofucoglucuronan (100 µg)
was applied to the disk. 3The amount of linked antibiotic was not determined.



304

Braz J Med Biol Res 37(3) 2004

P.M. Araújo et al.

inhibition) after dialysis, suggesting that there
was a 22.7% reduction of microorganism
growth inhibition by the derivative after di-
alysis. Finally, xylofucoglucuronan and acti-
vated xylofucoglucuronan standards did not
present a halo of S. aureus growth inhibi-
tion.

An additional experiment was performed
to demonstrate that the microorganism could
hydrolyze this sulfated heteropolysaccharide.
Thus, xylofucoglucuronan (50 mg) was in-
cubated with an S. aureus suspension (5 ml
containing 6 x 109 cells/ml) in the fermenta-
tion medium and the products released were
monitored by the method of Miller (15). An
increase in reducing power (0.2 x 10-3 ab-
sorbance/min) was observed, as opposed to

no increase for the control. Therefore, one
may assume that xylofucoglucuronan is hy-
drolyzed by extracellular hydrolases pro-
duced by the microorganism.

On the basis of the results shown here we
conclude that xylofucoglucuronan from S.
schröederi algae can be used as a water-
soluble support for gentamicin and amikacin
immobilization and that these derivatives
can be proposed for controlled drug release
systems.
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Table 2. Sensitivity of Klebsiella pneumoniae and Staphylococcus aureus to amikacin immobilized on
xylofucoglucuronan.

Preparation Klebsiella pneumoniae Staphylococcus aureus

Inhibition halo Inhibition Inhibition halo Inhibition
diameter  (%) diameter (%)

  (mm) (mm)

Amikacin1 29 100 22 100
Dialyzed amikacin1 0 0 0 0
Fucan2 0 0 0 0
Xylofucoglucuronan activated with carbodiimide2 0 0 0 0
Amikacin immobilized on xylofucoglucuronan 29 100 22 100
before dialysis1

Amikacin immobilized on xylofucoglucuronan 17 58.6 17 77.3
after dialysis3

1Ten microliters gentamicin (100 µg) was applied to the disk. 2Thirty microliters xylofucoglucuronan (100 µg)
was applied to the disk. 3The amount of linked antibiotic was not determined.

References

1. Kylin H (1913). Biochemistry of sea algae. Zeitschrift für Phys-
ikalische Chemie - International Journal of Research in Physical
Chemistry and Chemical Physics, 83: 171-197.

2. Kylin H (1915). Biochemistry of sea algae. Zeitschrift für Phys-
ikalische Chemie - International Journal of Research in Physical
Chemistry and Chemical Physics, 94: 337-425.

3. Leite EL, Medeiros MGI, Rocha HAO, Farias GGM, Silva LF,
Chavantes SF, Dietrich CP & Nader HB (1998). Structure of a new
fucan from the algae Spatoglossum shoederi. Plant Science, 132:
215-228.

4. Grauffel V, Kloareg B, Mabeau S, Durand P & Josefonvicz J (1989).
New natural polysaccharides with potent antithrombotic activity:
fucans from brown algae. Biomaterials, 10: 363-368.

5. Soeda S, Ohmagi Y, Shimeno H & Nagamatsu A (1994). Preparation
of aminated fucoidan and its evaluation as an antithrombotic and
antilipemic agent. Biological and Pharmaceutical Bulletin, 13: 784-
788.

6. Pereira MS, Mulloy B & Mourão PAS (1999). Structure and antico-
agulant activity of sulfated fucans. Journal of Biological Chemistry,
274: 7656-7667.



305

Braz J Med Biol Res 37(3) 2004

Sulfated fucan as support for antibiotic immobilization

7. Mulloy B, Mourão PAS & Gray E (2000). Structure/function studies
of anticoagulant sulphated polysaccharides using NMR. Journal of
Biotechnology, 77: 123-135.

8. Yamamoto L, Takahashi M, Tamura E, Maruyama H & Mori H
(1984). Antitumor activity of edible marine algae. Effect of crude
fucoidan fractions prepared from edible brown seaweeds against L-
1210 leukemia. Proceedings of the International Seaweed Sympo-
sium, 11: 145-148.

9. Furusawa E, Furusawa S & Chou SC (1991). Antileukemic activity of
Viva Natural, a dietary seaweed extract, on Rausher murine leuke-
mia in comparison with anti-HIV agents, azidothimidine, dextran
sulphate and pentosan polysulphate. Cancer Letters, 56: 197-205.

10. Ellouali M, Boissonvidal C, Durand P & Josefonvicz J (1993). Antitu-
mor activity of low molecular weight fucan extracted from brown
seaweed Ascophyllum nodosum. Anticancer Research, 13: 2011-
2019.

11. Schaeffer DJ & Krylov VS (2000). Anti-HIV activity of extracts and
compounds from algae and cyanobacteria. Ecotoxicology and Envi-
ronmental Safety, 45: 208-227.

12. Rocha HA, Franco CR, Trindade ES, Carvalho LC, Veiga SS,
Leite EL, Dietrich CP & Nader HB (2001). A fucan from the brown
seaweed Spatoglossum schröederi inhibits Chinese hamster ovary
cell adhesion to several extracellular matrix proteins. Brazilian Jour-
nal of Medical Biological Research, 34: 621-626.

13. Drobnik J (1991). Hyaluronan in drug delivery. Advanced Drug Deliv-
ery Reviews, 7: 295-308.

14. Bauer AW, Kirby MH, Sherris JC & Turck M (1966). Antibiotic
susceptibility testing by a standardized single disk method. Ameri-
can Journal of Chemical Pathology, 5: 493-496.

15. Miller GL (1959). Use of dinitrosalicylic acid reagent for determina-
tion of reducing sugar. Analytical Chemistry, 31: 426-428.


