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The outer membrane protein OmpU of Vibrio cholerae O1 strain 86B3 was characterized with reference to
colonization of the intestine by the organism. The purified OmpU exhibited a pI of 3.6. Upon sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, it migrated to 38, 32, and 110 kDa when the sample was heated at
100°C for 2 min, 50°C for 15 min, and room temperature for 30 min, respectively. The purified OmpU was not
hemagglutinative. Anti-OmpU serum did not agglutinate strain 86B3 or other V. cholerae organisms. OmpU
adhered to the brush border of the rabbit small intestine; adhesion of the organisms to the intestine treated
in advance with OmpU was not inhibited. Treating the organisms in advance with anti-OmpU Fab did not
inhibit adhesion to the intestine. These results obtained in vitro suggest that OmpU is not involved in the

adhesion of V. cholerae to the intestinal epithelium.

Vibrio cholerae O1 is a causative agent of cholera. Attach-
ment of the organisms to the intestinal epithelium is the first
step in the disease process, maximizing the effect of the cholera
toxin produced by the adherent organisms. A number of col-
onization factors of V. cholerae O1 such as toxin-coregulated
pili (14), mannose-sensitive hemagglutinin pili (8), fucose-
sensitive hemagglutinin (7), and outer membrane proteins
(OMPs) (9, 10, 12) have been proposed. Most of these colo-
nization factors have been proposed as adherence factors but
have not been fully characterized. Although toxin-coregu-
lated pilus has been shown to be important for colonization
of the intestine by classical V. cholerae O1, it has no adhesive
properties (12, 13).

OmpU, one of the major OMPs of V. cholerae, is regulated
by the foxR gene (4). Recently, Sperandio et al. reported that
OmpU of V. cholerae was a potential adherence factor (12).
They reported that anti-OmpU serum or F(ab'), fractions in-
hibited the adherence of V. cholerae to HeLa, HEp-2, Caco-2,
and Henle 407 cells. On the other hand, Singh et al. examined
the role of a 53-kDa protein of V. cholerae (10). They showed
that the anti-53-kDa protein serum inhibited bacterial coloni-
zation in an animal model and concluded that a 53-kDa pro-
tein is involved in intestinal colonization. In this report, we
describe further analysis of OmpU.

MATERIALS AND METHODS

Bacteria and culture conditions. V. cholerae O1 86B3 (classical, Ogawa), 569B
(classical, Inaba), A88 (EI Tor, Ogawa), C128 (El Tor, Ogawa), and 82P7 (El
Tor, Ogawa) were used for OmpU preparation. Bacteria were cultured in heart
infusion broth (Eiken Co., Tokyo, Japan) at 37°C for 15 h with shaking.

Purification of OmpU. OmpU was purified by the method of Chakrabarti et al.
(2). Briefly, cells harvested by centrifugation (5,000 X g for 15 min) were sus-
pended in 20 mM Tris-HCI buffer (pH 7.4) (Tris buffer) containing 5 mM
phenylmethylsulfonyl fluoride and crushed in X-press. The crushed material was
treated with DNase and RNase (each at 100 pwg/ml), and the unbroken cells were
removed by centrifugation (10,000 X g for 10 min). The supernatant was sub-
jected to higher-speed centrifugation (105,000 X g for 1 h) to obtain the crude
membrane fraction, and the sediment was treated with 1% (wt/vol) Sarkosyl to
dissolve the inner membrane. It was again centrifuged at 105,000 X g for 1 h, and
the pellet was washed several times in Tris buffer. The washed pellet was sus-
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pended in 4% Triton X-100-Tris buffer, incubated at 37°C for 30 min, and then
centrifuged at 105,000 X g for 1 h to remove the remaining outer membrane
debris. The supernatant was passed through a DEAE-cellulose column equili-
brated with Tris buffer containing 0.1% Triton X-100. The OmpU was eluted
from the column by 70 mM NaCl in Tris buffer containing 0.1% Triton X-100.

Isolation of rabbit BBM. Rabbit brush border membranes (BBM) were iso-
lated by the method of Weiser (16). Briefly, resected rabbit small intestine was
rinsed with 0.154 M NaCl containing 1 mM dithiothreitol, placed in solution A
(1.5 mM KCl, 9.6 mM NaCl, 27 mM sodium citrate, § mM KH,PO,, 5.6 mM
NaHPO, [pH 7.3]), and then incubated at 37°C for 15 min with gentle shaking.
After the supernatant was removed, the tissue was transferred to phosphate-
buffered saline (PBS) containing 1.5 mM EDTA and 0.5 mM dithiothreitol and
incubated at 37°C for 15 min. The released cell clumps were washed with PBS by
centrifugation three times at 900 X g for 5 min.

Adhesion of OmpU to rabbit BBM. OmpU (100 pg/ml) was mixed with iso-
lated BBM (ca. 10° cell clumps/ml) at 37°C for 30 min. The mixture was then
washed with 0.1% Triton X-100-20 mM Tris-HCI (pH 7.4) five times. OmpU
which had adhered to BBM was examined by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) (3) and Western blotting (15); it was
also immunohistochemically detected by using a horseradish peroxidase-labeled
antibody as previously reported (6).

Adhesion test. Adhesion of 86B3 to the rabbit intestine was examined by the
MASK method as reported elsewhere (5). Briefly, a piece of formalin-fixed
intestine was incubated in a bacterial suspension in Krebs-Tris-Ringer’s buffer
(128 mM NaCl, 5.1 mM KCl, 1.34 mM MgSO, - 7H,0, 2.7 mM CaCl,, 10 mM
Tris-HCl buffer [pH 7.4]) for 10 min at 30°C and then vigorously washed with the
same buffer. The sample was prepared for scanning electron microscopy. Ad-
herent organisms were counted in 30 randomly selected scanning electron mi-
croscope fields at a magnification of X4,000. The adhesion indices were ex-
pressed as the mean counts per field.
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FIG. 1. SDS-PAGE profile of OmpU and V. cholerae whole-cell lysates (A)
and Western blot analysis with anti-OmpU serum (B). Lanes: a, molecular mass
markers; b, purified OmpU; ¢ to g, OmpU from lysates of strains 86B3, 569B,
AS88, C128, and 82P7, respectively.
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FIG. 2. SDS-PAGE profile of rabbit BBM and OmpU (A) and Western blot
analysis with anti-OmpU serum (B). Lanes: a, molecular mass markers; b, OmpU;
¢, BBM; d, BBM incubated with OmpU and then washed.

Adhesion to cultured HEp-2 cells was examined as described by Sperandio et
al. (12). Briefly, HEp-2 cells were cultured in Dulbecco’s modified Eagle medium
supplemented with 10% fetal calf serum. Bacteria (107 CFU/ml) were added to
the cell monolayers for 3 h at 37°C in a 5% CO, atmosphere. The cells were
washed three times with PBS, fixed with methanol, stained with Giemsa stain,
and observed by light microscopy. The adhesion index was expressed as the mean
number of bacteria adhering to 30 HEp-2 cells selected at random.

Adhesion inhibition test. For assays of inhibition, cells were treated by one of
two methods before the adhesion test. In the first method, the organisms were
treated with the Fab fraction of either anti-OmpU immunoglobulin G (IgG) or
IgG from nonimmunized rabbits at 30°C for 30 min, and then the adhesion test
was performed with the intact rabbit intestine or HEp-2 cells. In the second
method, intestinal epithelium was treated with the purified OmpU suspension at
30°C for 30 min to block the receptor and then exposed to the intact bacteria.
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Antibodies. Anti-OmpU antibody was prepared by immunizing a rabbit with
purified OmpU. The IgG fraction of the antisera was digested with papain, and
the Fab fraction was collected by SP Sephadex C50 column chromatography.

Protein assay. The protein content was assayed by the method of Smith et al.
(11), with bovine serum albumin as the standard.

Amino acid sequence. The N-terminal amino acid sequence of the purified
OmpU was analyzed by automated Edman degradation on an Applied Biosys-
tems 477A protein sequencer.

Agglutination assay. Anti-OmpU serum was serially diluted twofold. The cells
were suspended in 10 mM PBS at a concentration about 10° cells/ml. Equal
volumes of antiserum and bacterial suspension were mixed on a glass depression
slide, and agglutination was determined within 10 min.

RESULTS

Characterization of purified OmpU. The molecular masses
of OmpU estimated by SDS-PAGE were 38, 32, and 110 kDa
when the sample was incubated at 100°C for 2 min, at 50°C for
15 min, and at room temperature (25°C) for 30 min, respec-
tively. The isoelectric point was 3.6, and the N-terminal amino
acid sequence was DGINQSGDKAGSTVYSAK. The OmpU
did not agglutinate human, rabbit, or guinea pig erythrocytes.

Immunological examinations. Anti-OmpU serum did not ag-
glutinate the organisms. With Western blotting, the anti-OmpU
serum and Fab fragments of anti-OmpU IgG reacted with the
OmpU in the whole-cell lysate of V. cholerae as well as the
purified form. OmpU was detected by immunoblotting not only
from adhesive strains 86B3 and 82P7 but also from nonadhe-
sive strains C128 and AS88 and a weakly adhesive strain, 569B
(Fig. 1).

Adhesive properties. The purified OmpU adhered to iso-
lated BBM, as detected by SDS-PAGE and Western blotting
(Fig. 2). It also adhered to the epithelial surface of the intes-

FIG. 3. Adhesion of OmpU to the epithelium of intestine treated (B) and not treated (A) with purified OmpU. Adherent OmpU was detected by using the
enzyme-labeled antibody technique, with a brown color developing along the villus surface.
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TABLE 1. Adhesion of V. cholerae 86B3 and 569B to HEp-2 cells”

Adhesion (mean * SD)

Treatment
86B3 569B
None 14.3 = 10.7 23+28
Nonimmunized serum 13.0 = 10.3 2.8 = 2.8
Anti-OmpU serum 16.1 =104 29+26
Nonimmunized Fab 11.2 7.6 3.4+4.1
Anti-OmpU Fab 15.6 = 8.9 33+3.6

“Serum was diluted 20-fold; Fab concentration was 4 mg/ml. Results are
means of three experiments.

tinal tissue, as detected by the immunohistological technique.
The intestine treated with OmpU developed an enzyme reac-
tion on the villus surface (Fig. 3).

Adhesion inhibition. Strain 86B3 adhered well to HEp-2
cells and the intestinal epithelium. Neither treatment of HEp-2
cells and the intestine with purified OmpU (receptor block
method) nor treatment of 86B3 with Fab fragments of the
anti-OmpU antibody (adhesion block method) inhibited the
adhesion. Strain 569B adhered very poorly (Tables 1 and 2).

DISCUSSION

The results of this study indicate that in vitro, OmpU does
not appear to be an adherence factor of V. cholerae. OmpU is
immunogenic, and the antiserum reacted with OmpU as de-
termined by Western blotting. However, the antiserum did not
agglutinate V. cholerae live cells. Purified OmpU did not ag-
glutinate erythrocytes but adhered to the intestinal epithelium.
The discrepancies between these results and those of other in-
vestigators must be considered. Chakrabarti et al. reported that
purified OmpU agglutinated rabbit and human erythrocytes
but not sheep erythrocytes (2). However, in the present study,
we could find no hemagglutination activity of OmpU. A possi-
ble reason for this discrepancy is the difference in strains used:
Chakrabarti et al. obtained OmpU from strain 569B, whereas
the OmpU used in the present study was obtained from strain
86B3. They reported that purified OmpU contained lipopolysac-

TABLE 2. Adhesion and inhibition of adhesion of V. cholerae 86B3
or 569B cells to the rabbit intestinal epithelium

Adhesion index (mean no. of
Pretreatment of intestine adherent organisms/30 fields = SD)

or organisms

86B3 569B

OmpU (pg/ml)

0 212 = 63 1x2

12 288 = 56 ND“

25 300 = 83 ND

50 238 = 84 ND

100 191 = 62 3+4
Fab portion of anti-OmpU

antibody (mg/ml)

0 213 =170 1=x1

0.5 181 = 71 ND

1 194 = 91 ND

4 133 =50 1x1
Fab portion of preimmune sera 126 = 50 1+1

of rabbits (4 mg/ml)

“ND, not done.

Editor: P. E. Orndorff
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charide (LPS). The presence of LPS may be the reason for hem-
agglutination, and the OmpU isolated from 86B3 may not contain
LPS. The N-terminal amino acid sequence is slightly different in
both strains. Sperandio et al. reported that anti-OmpU or its
F(ab'), fraction completely inhibited adhesion of several V. chol-
erae strains to HEp-2 cells (12). However, in the present study, we
did not observe such inhibition. We used the antiserum and Fab
fraction of anti-OmpU IgG for the inhibition test. The Fab react-
ed with OmpU, as determined by Western blotting, and the anti-
serum did not agglutinate live 86B3 organisms. Therefore, the
finding that adhesion was not inhibited is understandable. One
reason for the discrepancy between the results of Sperandio et
al. and ours appears to lie in the difference in V. cholerae strains
used. In addition, Sperandio et al. used OmpU extracted from
an SDS-polyacrylamide gel for raising antisera, whereas we
used OmpU considered to be in the native state; these condi-
tions may have contributed to the differences in findings.
Sengupta et al. isolated OMPs from V. cholerae and sug-
gested that 40- to 43-kDa and 20-kDa OMPs play a role in the
colonization of V. cholerae (9). The antisera against both OMPs
agglutinated the live organisms, suggesting that these OMPs
are exposed on the cell surface of V. cholerae. We could not
find a relationship between OmpU and the 40- to 43-kDa OMPs
because anti-OmpU serum did not agglutinate whole cells.
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