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Enteropathogenic Escherichia coli (EPEC) strains are a common cause of infantile diarrhea in developing
countries. EPEC strains induce a characteristic attaching and effacing (A/E) lesion on epithelial cells. A/E le-
sion formation requires intimin, an outer membrane adhesin protein. The cell-binding activity of intimin is
localized at the C-terminal 280 amino acids of the polypeptide (Int280). So far, four distinct Int280 types (a,
b, g, and d) have been identified. The aim of this study was to identify immunodominant regions within the
Int280a and Int280b domains. Recombinant DNA was used to construct and express overlapping polypeptides
spanning these domains. Rabbit anti-Int280 antisera and human colostral immunoglobulin A were reacted
with these polypeptides in Western blots and enzyme-linked immunosorbent assays. The results obtained with
the rabbit antisera showed the presence of two separate immunodominant regions which are common to both
Int280a and Int280b. The first localized within the N-terminal region of Int280, and the second localized
between amino acids 80 and 130. The results with the human colostra revealed one reactivity pattern against
the Int280a fragments but two different reactivity patterns against the Int280b domain.

Diarrheal diseases are among the leading causes of early
childhood mortality in the developing world. A common etio-
logical agent of severe diarrhea in infants is enteropathogenic
Escherichia coli (EPEC) (32). EPEC strains colonize the small
intestinal mucosa and, by subverting intestinal epithelial cell
function, produce a characteristic histopathological feature
known as the attaching and effacing (A/E) lesion (36). The A/E
lesion is characterized by localized destruction (effacement) of
brush border microvilli, intimate bacterial adhesion to the host
cell membrane, and induction of gross cytoskeletal reorgani-
zation leading to formation of a pedestal-like structure in the
host cell consisting of polymerized actin, a-actinin, ezrin, talin,
and myosin (13, 28, 41). A/E lesions are produced by EPEC
in a variety of tissue culture cell lines (28). Similar lesions
have been associated with several other human and animal
bacterial mucosal pathogens, including enterohemorrhagic
E. coli (EHEC) (11, 27), rabbit diarrheagenic E. coli (RDEC-
1) (5), and the mouse pathogen Citrobacter rodentium (39).

The first gene to be associated with A/E activity was the eae
gene (23) encoding intimin, an outer membrane protein, re-
quired for intimate bacterial attachment and full virulence in
volunteers (10). Subsequently, the eae gene was shown to be
part of a large pathogenicity island, the LEE region (34), which
contains all of the genes required for the A/E phenotype (35).
In addition, to intimin, the LEE encodes a type III secretion
system (22), a translocated intimin receptor (Tir [EspE]) (8,
24), and three EPEC-secreted proteins (Esps [EspA, EspB,
and EspD]) required for protein translocation (24, 29, 44), sig-
nal transduction in host cells, and A/E lesion formation (12, 25,
31).

Studies of the intimin family of proteins showed that their
cell-binding activity is localized to the C-terminal 280 amino
acids (Int280) (14) and that a specific cysteine residue (Cys937)
in EPEC intimin is essential for binding activity (15, 17). More-
over, antisera raised to Int280 polypeptides, used to investigate
the regulation of intimin expression during bacterial growth
and A/E lesion formation, have shown that intimin expression
is induced during the logarithmic growth phase at 37°C but is
down regulated following A/E lesion formation (1, 20, 26).

Population genetic surveys with multilocus enzyme electro-
phoresis have shown that the classical EPEC strains have di-
verged into two major groups of related clones, designated
EPEC clone 1 and EPEC clone 2 (37, 38, 43). In a recent study,
we used immunological (anti-Int280 antisera) and genetic (PCR)
approaches to study antigenic variation and classify the cell-
binding domain of intimin expressed by the different EPEC
clones (1). Our results revealed the presence of at least five
distinct intimin subtypes: intimin a, intimin b, intimin g, and
intimin d. Importantly, intimin a was specifically expressed by
strains which belong to EPEC clone 1 (O55:H6, O127:H6,
O142:H6, and O142:H34), intimin b was mainly associated
with EPEC strains belonging to clone 2 (O26:H2, O111:H2,
O111:H2, O114:H2, O119:H2, O119:H6, and O128:H2) and
EHEC O26:H11, intimin g was associated with EHEC
O157:H7 and EPEC O55:H2 and O55:H7, and intimin d was
associated with EPEC O86:H34. Significantly, a very low level
of cross-reactivity was observed between antisera made with
Int280a (Int280 of intimin a) and Int280b (Int280 of intimin b)
as immunogens (1).

Clinical and epidemiological investigations have demonstrat-
ed that breast-feeding is protective against infantile infectious
diarrhea, including EPEC infection (6, 7). Immunoglobulin A
(IgA) obtained from pools of colostrum from mothers living in
high-risk areas of the city São Paulo, Brazil, strongly recog-
nized a 94-kDa EPEC-associated protein; these IgA prepara-
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tions prevented localized adherence of EPEC to cultured hu-
man epithelial cells (4). In a recent study, we analyzed IgA
antibodies from pools of human colostrum obtained from
mothers 2 to 3 days after giving birth to healthy infants at the
São Paulo University Hospital. We found that IgA reactive
with all of the EPEC virulence-associated proteins tested, in-
cluding intimin (33). Mucosal IgA antibodies to intimin were
also detected in mice 28 days after challenge with C. rodentium
(18). Therefore, these studies suggest that anti-intimin anti-
bodies might play a key role in protection against infection
with eae-positive bacterial pathogens.

The aim of the present study was to use rabbit polyclonal
antisera and individual human colostrum samples to map im-
munodominant regions within the C-terminal domains of in-
timin a and intimin b. This was achieved by using various over-
lapping fragments of Int280 fused to maltose binding protein
(MBP). We report the identification of multiple immunodom-
inant regions within Int280a and Int280b.

MATERIALS AND METHODS

Bacterial strains and plasmids. Representative strains of EPEC clone 1
(ICC64, O127:H6) and EPEC clone 2 (ICC61, O114:H2) (1) were used for
construction of MBP fusion proteins. E. coli TG1 cells, harboring recombinant
pMal-c2 plasmids, were grown in L broth or L agar. Medium was supplemented
with 100 mg of ampicillin per ml where appropriate.

Construction and purification of MBP-Int fusion proteins. MBP fusion pro-
teins MBP-Int280a and MBP-Int280b and derivatives of these domains contain-
ing N- and/or C-terminal deletions were constructed as previously described (15).
Briefly, purified DNAs from EPEC ICC64 (O127:H6) and EPEC ICC61 (O114:
H2) were used as templates for PCR amplification of the different Int280 re-
gions. The primer pairs used for the construction of each of the MBP-Int fusions
are shown in Table 1. The relevant characteristics of the MBP fusion proteins
used in this study are given in Table 2. The amplified DNA products were cloned
into pMal-c2 and the MBP fusion protein, purified as described previously (15).

PAGE. Polyacrylamide gel electrophoresis (PAGE) in the presence of sodium
dodecyl sulfate (SDS) was performed as described by Laemmli (30). Protein
samples were diluted in an equal volume of 23 sample buffer (2% SDS [wt/vol],
2% 2-mercaptoethanol [vol/vol], 20% glycerol, and 0.01% bromophenol blue
[wt/vol] in 65 mM Tris [pH 6.8]) and boiled for 5 min prior to being loaded onto
10 to 15% polyacrylamide gels. Molecular weights were estimated with Rainbow
molecular markers (Amersham). Following electrophoresis, the separated pro-
teins were visualized by staining the gel with Coomassie stain or were transferred
to nitrocellulose membrane.

Western blotting (immunoblotting) with rabbit anti-Int280 antisera. Proteins
separated by SDS-PAGE were transferred electrophoretically onto nitrocellu-
lose membranes (0.45-mm pore size; Schleicher & Schuell) and immunoblotted
according to the methods of Towbin et al. (40) and Burnette (3). Proteins were
blotted with a Bio-Rad Wet Blot apparatus at 80 V for 90 min in transfer buffer
consisting of 250 mM Tris (pH 8.3), 192 mM glycine, and 20% (vol/vol) meth-
anol. The membranes were blocked overnight in 3% bovine serum albumin
(BSA) and washed thoroughly with phosphate-buffered saline (PBS) containing
0.05% Tween 20 (PBST). Membranes were probed with rabbit (diluted 1:1,000)
anti-Int280a and anti-Int280b antisera, made by using Int280a and Int280b,

respectively, as immunogens, as described previously (1). Briefly, following a 2-h
incubation at room temperature with the intimin antiserum, diluted in PBST
containing 0.1% BSA, the membranes were washed three times with PBS, and
the bound antibodies were reacted with horseradish peroxidase (HRP)-conju-
gated swine anti-rabbit antibody (1:1,000 dilution; DAKO) for a further 2 h at
room temperature. Thereafter, the membranes were washed again and devel-
oped with substrate consisting of 15 ml of 50 mM Tris (pH 7.6) 12 ml of 30%
hydrogen peroxide, and 10 mg of 39,39-diaminobenzidine (Sigma). The reaction
was stopped by washing the membrane several times in distilled water.

Colostrum samples. Colostrum was collected from four healthy and well-
nourished 18- to 35-year-old mothers (2 to 5 ml/mother) who gave birth to a
normal infant in the Gynaecology and Obstetric Clinics of the São Paulo Uni-
versity Hospital. This institution provides medical support to a low-social-level
population living in the neighborhood. Fully informed consent was obtained, and
all of the mothers were seronegative for human immunodeficiency virus, hepa-
titis B, and syphilis.

Western blotting (immunoblotting) with the human colostrum. A chemilumi-
nescent substrate system was used to detect membranes that were probed with
colostrum. The Supersignal CL-HRP substrate system (Pierce, Rockford, Ill.)
was used according to manufacturer’s instructions. After an overnight block in
3% BSA, the membranes were washed thoroughly with PBST. Subsequently, the
membranes were incubated with the colostrum samples (1:500 dilution) for 2 h,
washed thoroughly with PBST, and incubated for a further 2 h with HRP-
conjugated goat anti-human a-chain antibodies (Sigma) at a 1:30,000 dilution.
The immunoblots were washed again and incubated with the Supersignal CL-
HRP substrate working solution for 5 min. The immunoblots were then exposed
to a high-performance chemiluminescence film, Hyperfilm ECL (Amersham),
and the film was developed with a Fuji X-ray film developer.

ELISA. For the enzyme-linked immunosorbent assay (ELISA), briefly, 96-well
enzyme immunoassay or radioimmunoassay plates (Costar) were coated over-

TABLE 1. Primers used to amplify various regions of the eae genes from O127:H6 and O114:H2

pMal-Int
construct

Primer

Forwarda Reverseb

Int80a CTGAATTCGCCAGCATTACTGAGATTAAG CTTCTAGATTAGACATCGCTAACACGGGCAC
Int40-(1)a CTGAATTCGCCAGCATTACTGAGATTAAG CTTCTAGATTACGTCGTAAAGGTCACTTCCTG
Int40-(2)a CTGAATTCACGACCTTAGCTAAGTTAAGTAATCC CTTCTAGATTAGACATCGCTAACACGGGCAC
Int40-(3)a CTGAATTCTACACTGTTAAAGTGATGAAGGGG CTTCTAGATTATGTTACTTTGGCATAGCCATTCG
Int80b CTGAATTCGCCAGCATTACTGAGATTAAG CTTCTAGATTAACTCACTTTTGCACTAACAATG
Int130b CTGAATTCGCCAGCATTACTGAGATTAAG CTTCTAGATTAATTGCCCCCTGTTGTTGCCTGTAC
Int150b CTGAATTCAATGCAAAATACACATGGAAATCCAGTAAAAC CTTCTAGATTATTTTACACAARYKGCAWAAGC
Int100b CTGAATTCGGTACAGAAGTTAAGGCTACTACC CTTCTAGATTAACTACCCGGTGCATTTAATGTGT
Int120b CTGAATTCACAATTACTGTAGTATCTGGTGATC CTTCTAGATTATTTTACACAARYKGCAWAAGC
Int70b CTGAATTCTCAAAAGAACTATTGGCCATTATC CTTCTAGATTATTTTACACAARYKGCAWAAGC
Int40-(1)b CTGAATTCGCCAGCATTACTGAGATTAAG CTTCTAGATTACTTAGAAAAGGTCACTTTCTGATG
Int40-(2)b CTGAATTCAAGGATTTTGGGACCCTGAATAAG CTTCTAGATTAACTCACTTTTGCACTAACAATG
Int40-(3)b CTGAATTCTATACTGTCAGAGTGATGAAGG CTTCTAGATTATACAGTAGCATAACCATTCTCATCG

a Underlined sequences represent the EcoRI site.
b Underlined sequences represent the XbaI site.

TABLE 2. MBP fusion proteins used in immunodominant
mapping experiments

Fusion protein Relevant features

MBP-Int280..................MBP fused to the C-terminal 280 amino acids
(residues 661–939)

MBP-Int280(C/S).........MBP fused to the C-terminal 280 amino acids
(residues 661–939) from O126:H6. Cys937
substituted for Ala

MBP-Int130..................MBP fused to amino acid residues 661–791 of
intimin

MBP-Int150..................MBP fused to the C-terminal 150 amino acids
(residues 791–939)

MBP-Int100..................MBP fused to residues 741–841 of intimin
MBP-Int120..................MBP fused to the C-terminal 120 amino acids

(residues 821–939)
MBP-Int70....................MBP fused to the C-terminal 70 amino acids

(residues 871–939)
MBP-Int80....................MBP fused to amino acid residues 661–741
MBP-Int40-(1) .............MBP fused to amino acid residues 661–701
MBP-Int40-(2) .............MBP fused to amino acid residues 701–741
MBP-Int40-(3) .............MBP fused to amino acid residues 681–721
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night at 4°C with 50 ml of 5-mg/ml MBP-Int280 derivatives in PBS per well. The
wells were washed three times in PBST and blocked for 1 h at 37°C with
PBST–1% BSA. The plates were washed again and incubated with fivefold serial
dilutions of the primary antibody in order to determine the antiserum titer.
Two-hour incubations with primary and secondary antibodies (HRP-conjugated
swine anti-rabbit antibody at a 1:1,000 dilution) diluted in PBST–0.1% BSA were
carried out at 37°C with PBST washes after each step. Fifty microliters of
substrate (10 mg of o-phenylenediamine tablet [Sigma] in 12.125 ml of 0.1 M
citric acid, 12.875 ml of 0.25 M NaHPO4, and 10 ml of 30% H2O2) was added to
each well. The enzymatic reaction was terminated by the addition of 50 ml of
12.5% H2SO4. The calorimetric reactions were recorded with a Ceres 900 HDi
(Bio-Tek Instruments, Inc.) microtiter plate reader. The optical density values
were plotted for each sample, and the titers were determined as the reciprocal
dilution giving an A490 of 0.3 above the background. All titrations and experi-
ments were performed in duplicate. A positive reference serum was used on each
plate, and the results were adjusted accordingly.

RESULTS

Construction of overlapping Int280 polypeptides. In pre-
vious reports, we have tested the cell-binding properties of
MBP-Int280a and derivatives of this domain containing N- and
C-terminal deletions (15). Cell-binding activity was observed
only with the MBP-Int280 and MBP-Int150 fusions, localiz-
ing the cell-binding function of intimin to the C-terminal 150
amino acids. In addition, we have established that Cys937 in
EPEC intimin is essential for binding activity (15–17). The aim
of this study was to localize and compare the immunodominant
regions within the Int280a and Int280b domains (Fig. 1). For
this purpose, we have generated additional overlapping poly-
peptides of Int280a, expressed as MBP fusions, and a complete
new set of overlapping peptides from Int280b. A schematic
presentation of the overlapping fragments is shown in Fig. 2.

Identification of immunodominant regions within Int280a
by using the anti-Int280a antiserum. We have recently shown
that the Int280 antiserum was reactive with the whole intimin
polypeptide (1). To map immunodominant epitopes and re-
gions within the C-terminal domain of intimin a, the MBP-Int
fusion proteins 280, 130, 150, 80, 100, 120, and 70 (Fig. 2) were
analyzed by Western blotting and ELISA with the rabbit anti-
Int280a antiserum. A Coomassie blue-stained gel illustrating
the different MBP-Inta fusion proteins is shown in Fig. 3A.
Reaction of the rabbit Int280a antiserum with Western blots

of the different fusion proteins revealed strong reactivity with
four MBP-Inta fusion proteins: MBP-Int280, MBP-Int130,
MBP-Int80, and MBP-Int100 (Fig. 3B). A low, but detectable
reactivity was observed with MBP-Int150, MBP-Int120, and
MBP-Int70 (Fig. 3B). No reactivity was observed with the
MBP-negative control. Preimmune rabbit antisera showed no
reactivity with any of the MBP fusion proteins (reference 1 and
data not shown).

ELISA analysis with the Int280a antiserum and MBP-
Int280a as the coating antigen revealed a titer of 105 (Fig. 3C).
Reaction of the antiserum in the ELISA with the other fusion
proteins confirmed the observation made with the Western
blots; the highest titers were seen against the MBP-Int130
(5 3 104), MBP-Int80 (3 3 104), and MBP-Int100 (3 3 103)
fusion proteins (Fig. 3C). A similar level of reactivity with
MBP-Int280 and MBP-Int280(C/S) was observed (data not
shown). MBP-Int280(C/S) is identical to MBP-Int280, except
that Cys937 was replaced with Ser (15). These results indicate
the presence of two immunodominant regions within Int280a:
one localized within Int80 and the second localized within
Int100.

Identification of immunodominant regions within Int280b
by using the anti-Int280b antiserum. Following the approach
used to map immunodominant regions in Int280a, we searched
for immunodominant regions within Int280b. The overlap-
ping MBP-Intb fusion proteins were separated by SDS-PAGE
(10% polyacrylamide); a Coomassie blue-stained gel is shown
in Fig. 4A. Reaction of Int280b antiserum with the overlap-
ping polypeptides revealed, similar to the results with Int280a,
strong reactivity with MBP-Int280, MBP-Int130, MBP-Int80,
and MBP-Int100 (Fig. 4B). However, no reactivity was ob-
served with MBP-Int150, MBP-Int120, and MBP-Int70 or the
MBP-negative control.

ELISA analysis with the Int280b antiserum and MBP-
Int280b as the coating antigen revealed a titer of 106 (Fig. 4C).
Reaction of the antiserum in ELISA with the overlapping
MBP-Int280b fusion proteins revealed that the strongest reac-
tivity was with MBP-Int130 (titer of 8 3 105). The titers against
MBP-Int80 and MBP-Int100 were 105 and 104, respectively.
Although not reactive with the antiserum in Western blots, low

FIG. 1. Alignment of the amino acid sequence of Int280a from the EPEC
E2348/69 domain (upper row) and Int280b from the EPEC O114:H2 domain
(lower row). Dots represent identical residues. Lines represent conserved sub-
stitutions.

FIG. 2. Schematic representation of the overlapping MBP-Int280-derived
polypeptides. The numbers on both sides of the fragments mark the first and last
amino acids of each fragment within the Int280 domain.
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reactivity (2.8 3 102 and 5 3 102) was detected against MBP-
Int150 and MBP-Int120, respectively, which may reflect the
presence of conformational epitopes. Overall, these results
demonstrate the presence of two immunodominant epitopes
within Int280b located on the same fragments as those of
Int280a derivatives.

Mapping of the immunodominant regions within Int280a
and Int280b. The results presented in the previous two sec-
tions showed the presence of two immunodominant regions
which are common to both Int280a and Int280b. Because
strong reactivity was observed with Int130 and Int100, and no

FIG. 4. Coomassie blue staining of SDS-PAGE gel (A) and immunoblotting
(B) and ELISA (C) of the reactivity of anti-Int280b antiserum (1:10,000 dilution)
with the MBP-Int280b-derived fusion proteins. Strong reactivity on the Western
blot is observed with Int280 (B, lane 2), Int80 (B, lane 4), Int130 (B, lane 5), and
Int100 (B, lane 7). Low reactivity is seen with Int150 (B, lane 6). No reactivity is
seen with Int120 (B, lane 8), Int70 (B, lane 9), or MBP (B, lane 3). MBP-Int280
preparations consistently resulted in doublet bands; this appears to represent
proteolytic sensitivity introduced into the MBP part of the fusion protein (15).
Molecular mass markers (A and B, lane 1) are given in kilodaltons. Analysis of
the Int280b antiserum with the different overlapping Int280b-derived fusion
protein ELISA (C) revealed that high antibody titers were observed for Int280,
-130, -80, and -100, while lower titers were observed against Int150 and Int120.
No reactivity was seen for Int70 or MBP.

FIG. 3. Coomassie blue staining of SDS-PAGE gel (A) and immunoblotting
(B) and ELISA (C) of anti-Int280a antiserum with Int280a-derived fusion pro-
teins. Strong reactivity on the Western blot is observed with Int280 (B, lane 2),
Int80 (B, lane 4), Int130 (B, lane 5), and Int100 (B, lane 7). Low reactivity is
observed with Int150 (B, lane 6), Int120 (B, lane 8), and Int70 (B, lane 9). No
reactivity is seen with MBP (lane 3). The electrophoretic migration of molecular
mass markers (in kilodaltons) is shown in lane 1 (A and B). The reactivity of
Int280a antiserum with the different overlapping Int280a-derived fusion proteins
in the ELISA produced results in agreement with those of the Western blot (C).
High antibody titers were observed for Int280, -130, -80, and -100, and a low titer
was observed for Int150. No reactivity was seen for Int120, Int70, or MBP.

5646 ADU-BOBIE ET AL. INFECT. IMMUN.



reactivity was seen with Int150, we concluded that one of the
immunodominant regions is located between amino acids 80
and 130. The second immunodominant region lies along Int80
of both intimin types. In order to map the immunodominant
region within Int80 more accurately, three MBP fusion pro-
teins overlapping this region were made for both intimin a and
intimin b (Fig. 2). Western blotting was performed with fusions
MBP-Int40-(1)a, MBP-Int40-(2)a, and MBP-Int40-(3)a, which
were probed with the Int280a antiserum, revealing reactivity
only with MBP-Int40-(1)a (Fig. 5A). In contrast, Western blots
with the Int280b antiserum and MBP-Int40-(1)b, MBP-Int40-
(2)b, and MBP-Int40-(3)b revealed reactivity only with MBP-
Int40-(3)b (Fig. 5B). These results map the immunodominant
region within Int80a to amino acids 1 to 20 and within Int80b
to a region within amino acids 20 to 60.

Reactivity of human colostrum samples with MBP-Int280a
and MBP-Int280b derivatives. In order to study whether
the immunodominant regions identified by the rabbit antisera
were also recognized by humans, colostrum samples were as-
sayed by Western blotting with the MBP-Int280a- and MBP-
Int280b-derived fusion proteins. Since the colostrum samples
have a low antibody titer, a chemiluminescence detection sys-
tem was employed. Four individual colostrum samples were
used in the analysis. Reaction of the colostrum with MBP-
Int280a-derived fusion proteins 280, 130, 150, 80, 100, 120, and
70 revealed strong reactivity with MBP-Int280, moderate re-
activity with MBP-Int130, and low reactivity with MBP-Int80
(Fig. 6). No reactivity was observed with the other fusion pro-
teins or MBP. All four individual samples produced the same
reactivity pattern with the Int280a derivatives.

Reaction of the same colostra with MBP-Int280b-derived
fusion proteins 280, 130, 150, 80, 100, 120, and 70 revealed
strong reactivity with MBP-Int280 by all four samples. How-
ever, the reactivity of the colostra with the other fusion pro-
teins revealed two different reactivity patterns. Two of the
samples showed identical reactivity patterns, as seen with

Int280a, moderate reactivity with MBP-Int130b, and low re-
activity with MBP-Int80b (data not shown), while the other
two samples showed moderate reactivity with MBP-Int100 and
low reactivity with MBP-Int130. No reactivity was observed
with the other fusion proteins or MBP. These results show that
although human colostra contain IgA antibodies to both in-
timin a and intimin b, the reactivity against the latter shows
some variability among individual samples.

DISCUSSION

Our results show the presence of two immunodominant re-
gions which are common to both Int280a and Int280b. The use
in the first phase of the study of overlapping polypeptides
spanning Int280a and Int280b and of rabbit polyclonal anti-
sera in both Western blots and ELISA revealed that one of
these epitopes is localized within the first 80 amino acids
(MBP-Int80) and the second is mapped to a 50-amino-acid
sequence between amino acids 80 and 130 of both intimin
types. Accordingly, the strongest reactivity of the antisera was
observed, in addition to the immunogen used in their produc-
tion (Int280), against Int130, which included both immuno-
dominant regions.

In the second phase of the study, we have attempted to mapFIG. 5. Reactivity of Int280a and Int280b antisera with Int80-derived over-
lapping polypeptides. Anti-Int280a antiserum reacted with Int40-(1)a (A, lane 1)
but showed no reactivity against Int40-(2)a or Int40-(3)a (A, lanes 2 and 3,
respectively). In contrast anti-Int280b antiserum reacted with Int40-(3)b (B, lane
3) and showed no reactivity with Int40-(1)b or Int40-(2)b (B, lanes 1 and 2,
respectively).

FIG. 6. Reactivity of colostrum samples with MBP-Int fusion proteins. Re-
action of the four individual colostra with Int280a-derived MBP fusion protein
revealed a single reactivity pattern (A) in which the IgA antibodies reacted
strongly with Int280a (lane 1), moderately with Int130a (lane 4), and weakly with
Int80a (lane 3). No reactivity was seen with Int150a, Int120a, Int70a, or MBP
(A, lanes 5, 7, 8, and 2, respectively). Reaction of the same four colostrum sam-
ples with Int280b-derived fusion proteins revealed, in two samples, the same
reactivity pattern as that seen with reaction against the Int280a-derived polypep-
tides (data not shown), while the other two samples reacted strongly with Int280b
(B, lane 1), moderately with Int100b (B, lane 6), and weakly with Int130b (B,
lane 4). No reactivity was seen with Int80, Int150, Int120, Int70, or MBP (B, lanes
3, 5, 7, 8, and 2, respectively).
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the immunodominant region within Int80a and Int80b in
greater accuracy. For that purpose, overlapping polypeptides
spanning this domain were made from both intimin types
and tested against their corresponding antiserum. Interesting-
ly, these assays revealed that while the Int280a antiserum re-
acted only with Int40-(1), the Int280b antiserum reacted only
with Int40-(3). These results suggest that the immunodominant
region within Int80a is localized within the first 20 amino acids
of the Int280a polypeptide, while the immunodominant region
of Int80b is localized between amino acids 20 and 60 of
Int280b. The reason for the difference in locations of the
immunodominant regions within Int80 between the two anti-
sera is not known. However, this study clearly shows the pres-
ence of immunodominant regions within this domain which
showed greater reactivity (demonstrated by ELISA) than that
of the second immunodominant region localized between
amino acids 80 and 130. In a previous report, we have shown
little cross-reactivity between the Int280a and Int280b antisera
(1). Moreover, reports by Voss et al. (42) and Agin and Wolf
(2) have also shown differential reactivity of human and rabbit
antisera with intimin from different EHEC and EPEC isolates,
respectively. In this study, we have identified different immu-
nodominant regions within the Int80 domains, which is consis-
tent with these observations.

In our previous report (33), we have shown that pools of
human colostra collected from mothers living in São Paulo,
Brazil, where EPEC diarrhea is endemic in infants, contain
IgA antibodies which are reactive to intimin, bundle-forming
pili (Bfp), and EspA and EspB, bacterial virulence-associated
factors that according to proposed models of infection operate
at different stages of EPEC pathogenesis (9, 21). In the present
study, we have shown the presence of anti-intimin a and anti-
intimin b IgA antibodies in individual colostrum samples. The
colostrum IgA reacted with both intimin a and intimin b.
Significantly, testing of the individual colostrum samples with
the overlapping Int280a polypeptides revealed a single reac-
tivity pattern (i.e., all samples reacted strongly with Int280,
moderately with Int130, and weakly with Int80). In contrast,
reaction of the human colostrum samples with the overlapping
Int280b polypeptides revealed two reactivity patterns, one sim-
ilar to the reactivity observed with Int280a polypeptides and
the other revealing high reactivity with Int280b, moderate re-
activity with Int100, and low reactivity with Int130. The differ-
ent reactivity patterns obtained against Int280b peptides may
represent variations in immune responses elicited by individual
mothers as a result of multiple immunodominant regions or
may be due to exposure of individual mothers to different
clonal intimin types during their lifetimes.

It was suggested that since intimin is highly immunogenic,
diversity within the polypeptide cell-binding domain is driven
by natural selection (1). It is important to note that despite the
high variability in this region between the different intimin
types, two stretches of six and seven amino acids (WLQYGQ
and WGAANKY [amino acids 119 to 125 and 224 to 239,
respectively]) are conserved in all intimin types, but are not
found in any other sequences in the databases. It has been
suggested, although not yet proven, that these amino acids may
form part of the binding site and that according to the level of
the immunological cross-reaction between intimin a and in-
timin b, these conserved amino acids sequences are not highly
immunogenic (1). The results of the present study support the
latter suggestion. Moreover, our data showing that the immu-
nodominant regions within Int280 are located upstream of
Int150, the smallest intimin domain that was shown to bind to
host cells, are in accordance with our finding that the same
reactivity was seen against Int280 and Int280(C/S).

An important aspect of the pathogenic scheme of many
bacterial species is their ability to adhere to and colonize mu-
cosal surfaces. Breast-feeding is clearly associated with muco-
sal protection against a number of mucosal pathogens (e.g.,
EPEC, enterotoxigenic E. coli, and cholera), probably through
IgA inhibiting adherence to the epithelium (7, 19). The high
immunogenicity of intimin in infected hosts provides a rational
basis to support the concept of engineering an intimin mole-
cule as a basis for an EPEC vaccine. However, although the
relevance to human protection of the immunodominant epi-
topes and regions recognized by the rabbit antiserum is at
present not clear, the fact that more than one immunodomi-
nant region was identified within Int280, even by the human
colostra, means that additional research is needed if an in-
timin-based broad-spectrum vaccine against A/E-positive bac-
terial pathogens (which will also include EHEC O157:H7
and EPEC O55:H2 strains expressing intimin g [1]) is sought.
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