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Several bacterial strains of clinical significance have been tested to assess the toxic
effect of a lectin-like algal mucopolysaccharide from Fucus vesiculosus on their growth.

The toxic effect of the mucopolysaccharide has been found to be exerted only on
Escherichia coli and Neisseria meningitidis strains. The degree of toxicity, measured by the
effect on the growth of the bacteria, is variable depending on the strains of E. coli tested,
whereas with N. meningitidis the results obtained indicate homogeneity between the strains,
without significative variations among different serotypes even in the same serogroup.
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Lectins are proteins or glycoproteins
which specifically bind to sugars, (more
or less complex), a peculiarity which
enable them to bind to cell surfaces and
in this way make a usefull contribution
to their study (10). The role of lectins in
nature is not well known, although in
some cases it has been stated that they
can mediate the association between
bacteria and root nodules in leguminous
plants or the attachment of gametes dur
ing fecundation in certain algae (11).
Some of the lectins are toxic to normal
and/or neoplasic cells and can interact
with many different mammalian cells,
but little is known about their inter

action with bacterial strains, specially
those of clinical significance.

The mucopolysaccharide extracted
from the brown alga Fucus vesiculosus
has been purified to homogeneity and
characterized in our laboratory. We
have determined that it is a high
molecular weight (over 2 x 106) acidic
mucopolysaccharide which specifically
binds to complex carbohydrates which
posess terminal oligosaccharide se
quences constituted by ...Man-Gal-
NANA (6). It agglutinates erythrocytes
from several mammalian species and
has an stimulatory effect in vitro and in
vivo to Balb/c mice lymphocytes (3). All 
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these effects can be neutralized or re
versed by the presence of molecules
containing carbohydrates with the
specific sugar sequence above mention
ed (i.e. fetuin, thyroglobulin, etc.). All
these facts suggest that this mucopoly
saccharide can be considered a lectin-
like molecule.

In a previous paper we have shown
the specific interaction of the F. vesi-
culosus lectin-like mucopolysaccharide
with several Candida species and its
effect on the growth of the yeasts (2). In
this paper we present the study of its
action on clinically significative bacte
rial strains.

Materials and Methods

The following strains were used for
this study: Escherichia coli JE2571
(Leu-, Thr-, Fla-, Pil-, Str9, E. coli
339 (015, Hll), E. coli J53 (Pro- Lac+,
Met-), E. coli DF110 (Met-, Lac-,
Stri), E. coli 637 (064, K99), E. coli
B2C (06, H16), E. coli TD225 (075,
H9), and Neisseria meningitidis M136,
M981, M986 and B16B6 (all are different
serotypes of serogroup B). When not
indicated, the O and H antigens of the
E. coli strains correspond to those of
E. coli K12.

For all the assays, the strains were
cultured in tubes with 5 ml of Trypticase
Soya Broth (TSB) inoculated with 104
bacteria/ml from 18 h old preinocula in
the same medium at 37° C. Culture con
ditions were 37° C for 24 h, statically
for the E. coli strains and with a 50 rpm
constant shaking for the N. meningitidis
strains.

For the agglutination assays, the
cultures were centrifuged at 8,000 x g
for 15 min at 4° C, the bacterial cells
being then washed three times in
phosphate-buffered saline (PBS) and fi
nally suspended at 1012 bacteria/ml in
the same buffer. The agglutination as

says were done in V-shaped Microtiter
plates by mixing equal volumes (50 /il)
of twofold serial dilutions of a F. vesi-
culosus mucopolysaccharide (FVM) sol
ution in PBS (10 mg/ml initial con
centration) with the bacterial suspen
sions.

The toxicity assays were done by ad
ding different concentrations of FVM
(from 40 /zg/ml to 1.25 /xg/ml) to the
culture tubes before their inoculation.
Growth was measured spectroscopically
at 545 nm each two hours during a
period of 24 h. In the tubes with no
growth after the incubation time, the
bactericidal or bacteriostatic effect of
the FVM was determined by spreading
100 ju.1 of the cultures on plates with
TSB plus agar and incubating them at
37° C for 24 or 48 h. All experiments
were made with five replicates.

Results and discussion

Lectin-cell interactions have been
used frequently to obtain structural in
formation about the cell surfaces and
cell-wall polymers in several micro
organisms (4). Among them are the
lipopolysaccharides from several sero
types of TV. gonorrhoeae and E. coli and
the surfaces of several enterobacte-
riaceae (1, 5, 9).

Contrary to the results obtained in
studies of the interaction of the
Pseudomonas aeruginosa lectin with
some enterobacteriaceae (8), in which
bacterial agglutination was produced but
with no effect on the bacterial growth
rate, the FVM does not agglutinate any
of the bacteria tested and it only affects
the growth of those of the genera
Escherichia and Neisseria (in a prelimi
nary screening of the FVM action we
tested several clinical isolates of the
genera Citrobacter, Proteus, Serratia,
Pseudomonas, Klebsiella, Escherichia
and Neisseria', data not shown).
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Fig. 1. Effect of the FVM on the growth of Neis
seria meningitidis and Escherichia coli strains.

Inhibition on the growth of N. meningitidis strains
in the presence of FVM at 5 ^g/ml (A). Effect on
the E. coli strain 637 (similar plots are obtained
with the strains B2C and TD225). Effect on the E.
coli strain DF110 (similar plots are obtained with
the strains J53, JE2571 and 339) (C). FVM con
centrations in pg/ml are (□) 40, (o) 20, (A) 10,

(■),(•) 2.5 and (A) 1.25.

The FVM has a bactericidal effect on
all the N. meningitidis strains at con
centrations over 10 /zg/ml. At 5 /zg/ml it
produces an inhibition of the final
growth after 24 h of culture. The inhibi
tion values are different for each strain
and vary between 55 % and 95 % (figure
1A). At lower concentrations it pro
duces a delay on the lag-phase duration
but with no effect on the final growth
yield.

With E. coli, the FVM at concentra

tions of 10 /zg/ml produces a visible
growth inhibition on the strains J53,
JE2571, DF110 and 339, whereas the
same concentrations produce only a de
lay in the lag-phase on the other strains.
Figures IB and 1C show the growth-
versus-time plots of the most rep
resentative experiments.

The effect of the FVM on the E. coli
strains is therefore variable, depending
on the strain and the FVM concentra
tion (table I) whereas on the other en-
terobacteriaceae the FVM has a null
effect on their growth.

With the N. meningitidis strains, the
FVM has a more homogeneous effect,
with no dependence on the bacterial
serotypes tested (experiments are under
way in order to determine if the
serogroup is relevant to the FVM ef
fect). ALLEN et al. (1) showed no differ
ences in the agglutinability of several
serotypes of N. gonorrhoeae (somewhat
similar to those of N. meningitidis) with
different lectins.

The effect of FVM on erythrocytes
and other mammalian cells is exerted
through its interaction with carbohy
drate chains present on the surface of
the cells. If the FVM action on bacteria
is through a similar mechanism, in
teracting with surface carbohydrates or
glucoproteins, this could indicate that
the FVM receptors on E. coli and N.
meningitidis are somewhat similar to
those of the above mentioned cells.
To this respect, it has been shown that
certain E. coli strains have surface
oligosaccharides immunologically equal
to those of the antigenic determinants of
human blood groups, reacting with
group-specific anti-human erythrocytes
antisera (7).

The FVM toxicity mechanisms are
not known until now. Experiments are
under way in order to determine if its
action is through the interaction with
the surface of the bacteria or due to
antibiotic-like actions.
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Table I. Effect of FVM on the growth of several Escherichia coli strains.
The bacteria were cultured in the presence of the FVM concentrations indicated and the growth was
assessed by measuring the absorbance of the cultures (at 545 nm) periodically. The numbers indicate the

delay (hours) produced in the lag-phase. Bs = bacteriostatic; Be = bactericidal.

FVM(p.g/ml) -
Escherichia coli strain

JE2571 339 J 53 DF110 637 B2C TD225

0 0 0 0 0 0 0 0
1.25 2 2 0 0 0 0 0
2.50 2 2 0 2 0 0 0

5 2 2 2 2 0 0 0
10 Bs Bs Bs Bs 4 8 4
20 Bs Be Bs Bs 8 12 4
40 Be Be Bs Be 12 12 12
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Se estudia el efecto toxico de un mucopolisaca-
rido de alto peso molecular, con caracteristicas
similares a las lectinas, extraido del alga parda
Fucus vesiculosus, sobre el crecimiento de di-
ferentes especies bacterianas con significacion
clmica.

Los resultados obtenidos hasta la fecha indican
que este efecto tiene lugar solamente frente a
cepas de Escherichia coli y Neisseria meningi
tidis, variando la toxicidad segun la cepa en
estudio, aunque con N. meningitidis los resultados
obtenidos son mas homogeneos que con E. coli,
sin que haya variaciones significativas entre los
diferentes serotipos (dentro del mismo serogrupo).
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