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In Vibrio vulnificus, virulence for eels is associated with serovar E strains. In this study, we investigated some
biological properties of purified lipopolysaccharides (LPSs) from serovar E and non-serovar E strains. Purified
LPSs retained their O-polysaccharidic side chains and did not show any differences that could be related to
host specificity, except for serological differences.

Vibrio vulnificus is a pathogenic gram-negative bacterium
which represents a health risk to both humans and eels. The
strains of this species have been grouped into two biotypes
based on biochemical, serological, and host range criteria (20).
Although a clear host specificity for each of the two biotypes
seemed to be evident (humans for biotype 1 and eels for
biotype 2), recent studies have demonstrated that biotype 2 can
also be pathogenic to humans (1, 8). In fact, we have shown
that hardly any differences exist between the two biotypes of V.
vulnificus, with the exception of those affecting cellular enve-
lopes and, therefore, serology (8, 9). Biotype 2 constitutes a
lipopolysaccharide (LPS)-based homogeneous O serogroup
(classified by members of our group as serovar E) (8, 9), while
serologically different LPSs have been detected among biotype
1 strains (14, 18).

The high prevalence of V. vulnificus isolates of serovar E in
diseased eels appears to be related to the expression of a
characteristic LPS phenotype (8, 9). LPS is an important vir-
ulence factor in many pathogenic species. One of its most
well-known biological effects in its interaction with the host is
its endotoxic activity. The main objective of this study was to
investigate whether serovar E LPS plays some role as a toxic
factor related to host specificity. To this end, we purified LPS
from selected V. vulnificus serovar E strains (virulent for eels),
characterized these molecules electrophoretically, and investi-
gated some biological activities, using non-serovar E strains
(avirulent for eels) for comparative purposes.

Four strains of V. vulnificus were used in this study (Table 1).
The virulence of the strains for mice and eels was retested (3,
9) and confirmed (Table 1). LPS was prepared basically by
following the procedure of Westphal and Jann (24) and was
examined by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis coupled with silver staining and Western blotting
as described before (9, 22). The purified LPS from Vibrio
cholerae 569B (Sigma) was used as a positive control for silver
staining. The LPS yields ranged from 2.5 to 5.5 mg/100 mg of
acetone-dried cells (Table 1), without significant differences
between strains and biotypes. Protein contamination, deter-
mined by the Lowry method (13), was less than 1 mg of protein/
100 mg of LPS for all preparations. After purified serovar E

LPSs were stained with silver, their electrophoretic profiles
exhibited a fast-migrating band similar to those observed for
the non-serovar E LPSs. However, when large amounts of LPS
(30 mg) were loaded for sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, a more slowly migrating group of bands,
discernible by a ladder-like pattern, was observed in the middle
areas of the gel (data not shown). These bands were identified
as LPS because they were not stained with Coomassie brilliant
blue. These results differ from our previous studies (2, 9) and
from those reported by Bahrani and Oliver (5, 6), since no
silver-stained bands of LPS were detected. It has been reported
that LPSs containing acidic O-polysaccharide portions are
poorly visualized by silver staining (11). This seems to indicate
an acidic nature for some O-polysaccharide portions of V.
vulnificus LPS. Immunoblotting with homologous antisera con-
firmed that the purified molecules of LPS retained the O-side
chain moiety responsible for serotype specificity and immuno-
genicity (data not shown).

The ability of the LPS molecules (10 mg/ml) to agglutinate
and hemolize host cells was assayed on human and eel eryth-
rocytes, using phosphate-buffered saline as a negative control.
The hemagglutination test was performed in triplicate as pre-
viously described (21), using a non-O1 strain of V. cholerae as
a positive control. Alteration of erythrocyte membranes was
determined by light microscopy (8003). The hemolytic activity
was evaluated in duplicate, both on microtiter plates (12) and
on agarose plates (7), as described before. The extracellular
products (ECPs) from serovar E strain E86 (7) were used as a
positive control. All LPS samples showed binding affinity for
eel and human erythrocyte membranes and caused evident
alterations (i.e., cells showed polygonal or star-like shapes)
that often progressed to agglutination of eel erythrocytes, but
no hemolytic activity was apparent. These results agree with
those reported by Warren et al. (23), who used human eryth-
rocytes, but contrast those reported by Lee and Ellis (12), who
observed lysis of rainbow trout erythrocytes with Aeromonas
salmonicida LPS. Since no differences were apparent among
any V. vulnificus LPS preparations assayed, it seems that the
lack of pathogenicity of non-serovar E strains for eels depends
on factors other than differences in the affinity of LPS for eel
erythrocytes.

We recently reported the lack of toxicity of the LPS con-
tained in the ECPs of V. vulnificus for human and fish epithe-
lial lines (7). In this study, we have examined the effects of the
purified molecule on the same cell lines: EPC (epithelioma
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papillosum of carp), HeLa (human cervix epithelioid carcino-
ma), and Sm (human smooth muscle) cells. Cytotoxicity assays
were performed in duplicate as previously described (7), using
various concentrations of endotoxin (50 to 500 mg of LPS/ml of

EPC or HeLa cells and up to 100 mg of LPS/ml of Sm cells).
The ECPs from serovar E strain E86 (7) and phosphate-buff-
ered saline were used as positive and negative controls, respec-
tively. V. vulnificus endotoxin caused no apparent cytotoxic

FIG. 1. Effects of intravenous injection of V. vulnificus LPS (200 mg in 0.5 ml of saline solution) on the mean arterial pressure and the heart rate in anesthetized
rats. (A and B) Serovar E LPS; (C and D) non-serovar E LPS.

TABLE 1. Virulence of V. vulnificus strains and yields and biological activities of purified LPSs

Strain (source and origin)

Challenge dose, in CFU (% mortality)
LPS

yielda

Binding affinityb and membrane
alterations of:

Mice Elvers Eel
erythrocytes

Human
erythrocytes

Nonserovar E
E109 (gills of healthy eel, Spain) 8.7 3 106 (50) 7.3 3 107 (0) 5.5 1 11
C7184 (human blood, United States) 7.1 3 106 (75) 5.2 3 108 (0) 2.5 1 1

Serovar E
ATCC 33149 (diseased eel, Japan) 8.9 3 106 (75) 2.1 3 104 (66.6) 5 1 111
E86 (diseased eel, Spain) 4.6 3 106 (100) 3.7 3 103 (100) 3.6 1 11

a Milligrams of LPS per 100 mg (dry weight) of cells.
b Binding affinity of purified LPS (10 mg/ml) before 10 min: 111, fast and strong; 11, strong; 1, moderate.
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effects on the cell lines assayed, even when doses as high as 500
mg were employed. Although epithelial cells may participate in
the host inflammatory response caused by bacterial LPS, the
primary target cells for this molecule are phagocytes, endothe-
lial cells, and leukocytes (17). Since we did not assay the LPS
on the last cell types, we cannot preclude some cytotoxic ac-
tivity of V. vulnificus endotoxin.

Investigation of the lethal activity of the purified LPS from
both serovar E and non-serovar E isolates was performed on
elvers by intraperitoneal injections of 1 and 10 mg of LPS/g of
body weight and on rats by intravenous administration of 1 mg
of LPS/kg of body weight as previously described (15). The
purified LPS from Salmonella typhimurium CDC 196A (Difco)
and sterile saline solution were used as positive and negative
controls, respectively. No mortalities were recorded for a week
after fish were inoculated with LPS, regardless of the LPS
sample assayed. This lack of endotoxicity of serovar E LPS for
eels suggests that its contribution to the mortality caused by V.
vulnificus must be due to properties other than its activity as a
specific endotoxin. By contrast, in rats the purified LPS from
serovar E isolates caused a decrease in the mean arterial blood
pressure, leading to death within 60 min (Fig. 1A). The heart
rates dropped 10 to 30 min after LPS administration (Fig. 1B).
S. typhimurium LPS and the endotoxin of the non-serovar E
strains showed similar toxic effects (Fig. 1C and D). The le-
thality of serovar E LPS for rats indicates that it may be one
factor contributing to the virulence of this bacterium for hu-
mans, as was already reported for clinical isolates (15).

The overall results of our studies have shown only serolog-
ical differences between the LPS of eel-virulent and eel-aviru-
lent V. vulnificus isolates, which could be related to host pref-
erence. The O-side chain moiety of the LPS is the portion that
is responsible for serological specificity, and it has been impli-
cated in resistance to phagocytosis and serum killing (10, 16).
The former, together with the lack of toxicity of serovar E LPS
to eels, suggests that this molecule may contribute to the bac-
terium’s pathogenesis for eels by enabling it to evade the host
immune defenses. Members of our group have reported that
the O-polysaccharide chain of serovar E LPS confers resis-
tance to eel serum complement (4). In humans, the resistance
of V. vulnificus to the bactericidal effect of serum appears to be
related to the bacterium’s possession of a polysaccharidic cap-
sule on its surface (3, 19). Thus, the toxicity to rats exhibited by
V. vulnificus endotoxin indicates that LPS, mainly due to its
endotoxicity, contributes to the virulence of this organism in
mammals.
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