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Western blot analysis was used to assess the reactivity of convalescent-phase sera from patients who were
associated with an outbreak of hemolytic-uremic syndrome (HUS) caused by fermented sausage contaminated
with Shiga toxin-producing Escherichia coli (STEC). The predominant STEC isolated from HUS patients
belonged to serotype O111:H™, and reactivity to O111:H™ whole-cell lysates, treated or untreated with pro-
teinase K, was examined. As expected, all five serum samples demonstrated a marked anti-lipopolysaccharide
response, but several protein bands were also immunoreactive, particularly one with an apparent size of 94
kDa. One convalescent-phase serum sample was subsequently used to screen an O111:H™ cosmid bank and 2
of 900 cosmid clones were found to be positive, both of which contained a similar DNA insert. Western blot
analysis of one of these clones identified three major immunoreactive protein bands of approximately 94, 70,
and 50 kDa. An immune response to the three proteins was detectable with all five convalescent-phase serum
samples but not with healthy human serum. Immunoreactive 94- and 50-kDa species were produced by a
deletion derivative of the cosmid containing a 7-kb STEC DNA insert. Sequence analysis of this region
indicated that it is part of the locus for enterocyte effacement, including the eae4 gene which encodes intimin.
The deduced amino acid sequence of the O111:H™ intimin was 88.6% identical to intimin from O157:H7 STEC,
and the most divergent region was the 200 residues at the carboxyl terminus, which were only 75% identical.
Such variation may be antigenically significant as serum from a HUS patient infected only with the O111:H™
STEC reacted with intimin from an enteropathogenic E. coli O111 strain, as well as several other eaeA-positive
STEC isolates, but not with an eae4-positive STEC belonging to serotype O157:H™. Sera from two of the other
HUS patients also failed to react with intimin from this latter strain. However, intimin from O157:H~ STEC

did react with serum from a patient infected with both O111:H™ and O157:H™ STEC.

Shiga toxin-producing Escherichia coli (STEC) strains are
increasingly being recognized as causes of diarrhea and hem-
orrhagic colitis in humans, and these infections can result in
potentially life-threatening systemic sequelae such as he-
molytic-uremic syndrome (HUS) (12, 21). STEC strains are
commonly found in the intestines of livestock, and human
infections are usually a consequence of consumption of con-
taminated meat or dairy products which have been improperly
cooked or processed or uncooked vegetable products which
have come into contact with manure (12). However, the sero-
type distribution of STEC strains present in the gastrointesti-
nal tracts of domestic animals is very broad, and a limited
range of serotypes (particularly O157, O111, and O26) are
responsible for the majority of serious human infections (7,
12). Previous studies have compared properties of STEC from
human and animal sources in order to identify traits which
distinguish human pathogenic strains from those of lesser clin-
ical significance. Capacity to produce attaching and effacing
(A/E) lesions on intestinal mucosa (mediated by intimin, the
eaeA gene product), production of a plasmid-encoded entero-
hemolysin, and production of Shiga toxin type 2 (Stx2) rather
than Shiga toxin type 1 (Stx1) have all been associated prefer-
entially with human STEC isolates or with more severe cases of
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infection (2, 4, 13, 22, 32). STEC isolates associated with
HUS cases also have an enhanced capacity to adhere to
intestinal epithelial cells in vitro compared with STEC iso-
lates from cases of uncomplicated diarrhea or nonhuman
sources (25).

We have recently described a large food-borne outbreak of
STEC disease caused by contaminated fermented sausage
(mettwurst) (24). There were a total of 21 cases of HUS, one
of which was fatal, as well as one case of thrombotic throm-
bocytopenic purpura and over 100 reports of noncomplicated
gastrointestinal disease. STEC strains (producing Stx1 and
Stx2) belonging to serotype O111:H™ were isolated from the
patient with thrombotic thrombocytopenic purpura and from
16 of the patients with HUS (the remaining HUS patients had
either PCR or serological evidence of O111 infection). One of
the HUS patients was infected with O157:H™ and O111:H™
STEC strains, as was an additional patient with bloody diar-
rhea and microangiopathic hemolytic anemia. STEC isolates
belonging to other serogroups (e.g., 026, O91, 0123, and
0128) were also isolated from some of the patients with diar-
rhea linked to the contaminated food source. The mettwurst
itself yielded O111:H™ STEC but also many other STEC iso-
lates which were not found in any of the patients with diarrhea
or HUS. Thus, only a subset of the STEC strains to which
the community was exposed appeared capable of colonizing
the human gut and causing disease, and among these, the
O111:H™ STEC appeared to have an enhanced capacity to
cause serious complications such as HUS. Presumably, some
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product of the O111:H™ STEC contributes to its apparently
enhanced human virulence.

In the present study we performed Western immunoblot
analysis using convalescent-phase sera from patients with HUS
to determine whether patients respond to specific STEC pro-
teins and whether such proteins are associated with more vir-
ulent STEC strains. Convalescent-phase serum was also used
to isolate and characterize genes encoding immunoreactive
proteins from a cosmid library of O111:H DNA constructed
in E. coli K-12.

MATERIALS AND METHODS

Bacterial strains and cloning vectors. The STEC strains associated with the
mettwurst outbreak, including 95NR1 (O111:H™) and 95SF2 (O157:H™), were
isolated at the Women’s and Children’s Hospital (WCH), South Australia, Aus-
tralia, as previously described (24). STEC strains from other HUS cases as well
as the O111 enteropathogenic E. coli (EPEC) strain 87A were also isolated at
WCH and have been described previously (25). The O157:H7 STEC strain
EDL933 and its 60-MDa plasmid-cured derivative, EDL933-Cu, were provided
by R. Robins-Browne. E. coli K-12 strain DH5« was obtained from Gibco-BRL,
Gaithersburg, Md. The cosmid vector pPM2101, a derivative of pHC79 contain-
ing the RP4 mobilization region, has been described previously (27). The phage-
mid pBC SK, which encodes chloramphenicol resistance, was obtained from
Stratagene, La Jolla, Calif. All E. coli strains were routinely grown in Luria-
Bertani (LB) medium (19) with or without 1.5% Bacto-Agar (Difco Laborato-
ries, Detroit, Mich.). Where appropriate, ampicillin or chloramphenicol was
added to the growth medium at a concentration of 50 or 25 wg/ml, respectively.

Western blot analysis. Crude lysates of STEC or other E. coli strains (with or
without predigestion with proteinase K) were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, as described by Laemmli (15), and
antigens were electrophoretically transferred onto nitrocellulose filters, as de-
scribed by Towbin et al. (29). Filters were probed with convalescent-phase sera
from various HUS patients (kindly provided by K. F. Jureidini, Renal Unit,
WCH) or with serum from a healthy donor (used at a dilution of 1:5,000),
followed by goat anti-human immunoglobulin G conjugated to horseradish per-
oxidase. Immunoreactive bands were visualized with an enhanced chemilumi-
nescence substrate system, as recommended by the supplier (Boehringer GmbH,
Mannheim, Germany).

Construction of cosmid gene bank. High-molecular-weight chromosomal
DNA was extracted as described previously (23) from STEC 95NR1 and was
digested partially with Sau3A1 so as to optimize the yield of fragments in the size
range of 35 to 40 kb. This DNA was ligated with a fivefold molar excess of
pPM2101 DNA, which had been digested with BarmHI. Ligated DNA was pack-
aged into lambda heads with a Packagene kit (Promega Biotec, Madison, Wis.)
and transfected into E. coli DH5a, which had been grown in LB plus 2% maltose.
The cells were then plated onto LB agar supplemented with ampicillin, and after
incubation, clones were stored in LB plus ampicillin plus 15% glycerol in micro-
titer plates at —70°C.

Screening of cosmid clones by immunoblotting. Cosmid clones were grown
overnight at 37°C in 200 pl of LB plus ampicillin in microtiter plates and then
were spotted onto a nitrocellulose filter. Filters were then blocked, reacted with
serum from HUS patient 1 (diluted 1:5,000), and then developed as described
above for Western blots.

DNA sequencing. Nested deletions of STEC DNA cloned into pBC SK were
constructed by the method of Henikoff (8) by using an Erase-a-base kit (Promega
Biotec). This DNA was transformed into E. coli DH5a, and the resulting plasmid
DNA was characterized by restriction analysis. Double-stranded template DNA
for sequencing was prepared as recommended in the Applied Biosystems se-
quencing manual. The sequences of both strands were then determined with
dye-labelled primers on an Applied Biosystems model 373A automated DNA
sequencer. The sequence was analyzed using DNASIS and PROSIS Version 7.0
software (Hitachi Software Engineering, San Bruno, Calif.). Comparison with
sequence databases was carried out with the program BLASTX (1).

Nucleotide sequence accession number. The nucleotide sequence of the seg-
ment of 95NR1 DNA described in this study has been deposited with GenBank
under accession no. AF025311.

RESULTS

Western blot analysis of STEC isolates using convalescent-
phase sera from HUS patients. Convalescent-phase sera from
five HUS patients (used at a dilution of 1:5,000) were used to
probe Western blots of STEC 95NR1 (one of the O111:H™
STEC isolates responsible for the outbreak), with or without
predigestion of antigen preparations with proteinase K (Fig.
1). Each of the serum samples tested reacted with a ladder-like
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FIG. 1. Western immunoblot analysis of convalescent-phase sera from HUS
patients. Convalescent-phase sera from five HUS patients were reacted with
electrophoresed undigested extracts of O111:H~ STEC 95NR1 (UD) or with
extracts which had been digested with proteinase K (D) as described in Materials
and Methods. The positions of the protein size markers are indicated at right.

pattern of proteinase K-resistant bands typical of lipopolysac-
charide (LPS), as previously reported (26). However, exami-
nation of the undigested tracks indicated that each of the
serum samples also reacted with a proteinase K-sensitive spe-
cies with an apparent size of 94 kDa. Smaller immunoreactive
protein species were also present, although these were largely
obscured by the heavily labelled LPS.

Serum from patient 1 was then used to probe a Western blot
of a variety of STEC and reference E. coli strains (Fig. 2). This
serum reacted with a number of species, including LPS and the
94-kDa protein, in 95NR1 as well as in O111 EPEC 87A. LPS
reactivity was somewhat weaker than that seen for the same
serum in Fig. 1; the reason for this is unknown but may be a
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FIG. 2. Reactivity of HUS patient serum with various STEC and reference
E. coli strains. Serum from HUS patient 1 was used to probe Western blots of
undigested E. coli lysates as described in Materials and Methods. Lanes: 1,
95NR1 (O111:H™, eaeA positive); 2, EPEC 87A (O111, eaeA positive); 3,
EDL933 (O157:H7, eaeA positive); 4, EDL933-Cu (O157:H7, eaeA positive,
60-MDa plasmid negative); 5, 95ZG1 (026, eaeA positive); 6, 95SF2 (O157:H,
eaeA positive); 7, 94CR (048:H21); 8, MW13 (098); 9, MW10 (O113); 10,
95AS1 (0128); 11, 95PM2 (0123); 12, 9SHE4 (091); 13, E. coli DH5a. The
positions of the protein size markers are indicated at left.
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FIG. 3. Reactivity of HUS patient serum with E. coli DH5« clones. Serum
from HUS patient 1 was used to probe Western blots of 95NR1 and of E. coli
DHS5a carrying the cosmid vector (pPM2101), the immunoreactive cosmid
pEV267, its deletion derivative pEV283, and two pBC SK subclones of pEV283
(pEV284 and pEV285; see Fig. 4 for map). The positions of the protein size
markers are indicated at left.

consequence of batch to batch variation in the nitrocellulose
membranes. 0157:H7 STEC EDL933 contained several immu-
noreactive species with approximate sizes of 94, 70, 50, and 34
kDa, all of which were also present in a derivative (EDL933-
Cu) which had been cured of its 60-MDa plasmid. The extract
of STEC 95ZG1 (026, eaeA positive) contained a 94-kDa
immunoreactive species, but none of the remaining STEC iso-
lates reacted with the serum. The nonreactive STEC were all
eaeA negative, with the exception of 95SF2, an O157:H™ iso-
late known to be eaeA positive (25). E. coli K-12 DHS5« also did
not contain any immunoreactive species.

Cloning and characterization of genes encoding immunore-
active O111:H™ STEC proteins. Serum from patient 1 was then
used to screen an O111:H™ STEC gene bank constructed in E.
coli K-12 DH5a with cosmid pPM2101, as described in Mate-
rials and Methods. Two of 900 clones were found to be immu-
noreactive. Cosmids extracted from these clones appeared to
contain similar DNA inserts (as judged by restriction analysis),
and so one (designated pEV267) was selected for further
study. Western blot analysis of E. coli DHS5a[pEV267] showed
that the recombinant cosmid directed the production of three
major immunoreactive protein species with approximate sizes
of 94, 70, and 50 kDa (Fig. 3). Similar labelling patterns were
seen with all five convalescent-phase serum samples, but no
proteins reacted with a similar dilution of normal human se-
rum (result not shown). A deletion derivative of pEV267 was
then constructed by digestion of the cosmid with HindIII, fol-
lowed by religation. This derivative, designated pEV283, con-
tained a 7-kb 95SNR1 DNA insert, and E. coli DH5a[pEV283]
produced 94- and 50-kDa immunoreactive species. Two fur-
ther subclones (in pBC SK), designated pEV284 and pEV285,
were also constructed, as shown in Fig. 4. The latter directed
the production of only a 50-kDa immunoreactive species, while
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FIG. 4. Locations of ORFs within the region of 95SNR1 DNA cloned in
pEV283 and in subclones pEV284 and pEV285. The cosmid deletion derivative
pEV283 was constructed by digestion of pEV267 with HindIIl followed by
religation. This deleted approximately 30 kb of 95NR1 insert DNA 5’ to the
HindIII site shown. Subclones pEV284 and pEV285 are in pBC SK.

pEV284 directed the production of a series of smaller immu-
noreactive proteins (Fig. 3).

The DNA inserts in pEV284 and pEV285 were then sub-
jected to sequence analysis to identify genes encoding the
immunoreactive proteins. The positions of open reading
frames (ORFs) within the compiled 6,956-bp sequence are
shown in Fig. 4. Examination of the DNA sequence suggested
that the 50-kDa immunoreactive species encoded by pEV285
could be a truncated derivative of the 94-kDa species. Exam-
ination of the sequence at the junction of vector and insert
DNA in pEV284 indicated that the larger of the immunore-
active species could be a fusion protein, as there is an in-frame
TTG eight codons 5’ to the distal portion of the major ORF.
The TTG codon is also preceded by a possible ribosome bind-
ing site 5 to 8 nucleotides upstream. Such a fusion protein
would have a predicted size of 40.6 kDa. The smaller species
are presumably degradation products of this polypeptide or
may result from translational initiation at internal ATG
codons.

Comparison with sequences deposited with GenBank indi-
cated that the cloned 9SNR1 DNA was part of the locus for
enterocyte effacement (LEE), a chromosomal virulence island
containing genes necessary for generation of A/E lesions on
enterocytes (5). Moreover, the major ORF within pEV283 is a
member of the intimin gene family (eaed). At the deduced
amino acid sequence level there is 88.6% identity between
95NRI1 intimin and that reported for intimin from O157:H7
STEC (3, 33). There is a lesser degree of amino acid identity
(81.3%) with intimin from enteropathogenic E. coli (EPEC)
(11). The predicted size of 95NR1 intimin is 101.6 kDa (935
amino acids), and it is one residue longer than the homolog
from O157:H7 STEC. The alignment of these two proteins is
shown in Fig. 5, along with a previously reported sequence
for a 254-amino-acid C-terminal portion of intimin from an
O111:H8 STEC (18). The region of greatest divergence be-
tween the intimins from 95NR1 and O157:H7 STEC is the
C-terminal 200 amino acids, which exhibited 75% identity. In
contrast, there was 92.5% identity over the proximal 735 re-
sidues. As might be expected, the C-terminal fragment of
O111:H8 intimin was more closely related to 95NR1 intimin,
exhibiting 97.6% identity over the 254 amino acids for which
sequence is available. Both these proteins have the additional
residue N713 compared with O157:H7 intimin.

The only other significant ORF in pEV283 is 156 amino
acids long and is located 60 bp 5’ to eaeA (Fig. 4). Comparison
with sequence databases indicated that it is 99.4 and 96.2%
identical to the 156-amino-acid OrfUs of the LEE loci of
EPEC and O157:H7 STEC, respectively (11, 34). However,
none of the immunoreactive species found in lysates of E. coli
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FIG. 5. Alignment of the deduced amino acid sequence of intimin from O111:H™ STEC 95NR1 with that previously published for intimin from an O157:H7 STEC
isolate (33) and that of a partial sequence for intimin from an O111:H8 STEC isolate (18). Identical residues are represented by dots, while the dash indicates the

absence of an amino acid.

DHS5a carrying pEV283 or pEV285 corresponded to the ex-
pected size of OrfU.

Additional Western blot analysis. Identification of the major
protein species encoded by pEV283 which reacts with conva-
lescent-phase serum from HUS patient 1 as intimin is largely
consistent with the Western blot analysis of other STEC strains
presented in Fig. 2. All the E. coli strains with a 94-kDa im-
munoreactive species (Fig. 2, lanes 1 to 5) are known to be
eaeA positive (25). Conversely, known eaeA-negative STEC
strains (lanes 7 to 12) and E. coli DH5a did not react with the
patient serum. However, the negative immunoblot result for
O157:H " STEC strain 95SF2 (lane 6) was unexpected, as this
strain is eaeA positive (25). This finding could be explained
either by lack of expression of eae4 in 95SF2 or by antigenic
variation between intimins such that convalescent-phase serum
from a patient infected with O111:H™ STEC 95NR1 does not
cross-react with intimin from the O157:H" strain. To examine
this, we conducted additional Western blot analysis of lysates
from various STEC strains by using convalescent-phase serum
from HUS patient 2 (Fig. 6). This patient had a dual O111-
0157 infection, as both an O111:H™ STEC strain indistin-
guishable from 95NR1 and 95SF2 itself were isolated from
feces during the acute phase of illness. The serum reacted with
LPS from both O111 (Fig. 6, lanes 1 and 2) and O157 (lanes 3
to 5) strains. It also reacted with a 94-kDa species in all eaeA-
positive lysates (lanes 1 to 6), including 95SF2. Thus, intimin is
indeed produced by this O157:H™ STEC strain. Additional
Western blot analysis indicated that sera from patients 3 and 4
(from whom only O111 STEC strains were isolated) did not
react with intimin from 95SF2 (result not shown). However,
serum from patient 5 reacted weakly with a 94-kDa species in
95SF2 lysates (result not shown). Although this HUS patient
showed a serological response to O111 LPS and was epidemi-
ologically linked to the same outbreak, no STEC strains were

isolated from feces. Thus, the possibility that patient 5 had a
dual infection (as did patient 2) cannot be eliminated.

DISCUSSION

It has been known for more than a decade that certain
strains of STEC are capable of causing A/E lesions on entero-
cytes (6, 28). These lesions are characterized by ultrastructural
changes including loss of enterocyte microvilli, and there is
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FIG. 6. Additional Western blot analysis. Serum from HUS patient 2, who
was infected with both O111:H™ and O157:H" STEC, was used to probe West-
ern blots of undigested E. coli lysates as described in Materials and Methods.
Lanes: 1, 95NR1 (O111:H ™, eaeA positive); 2, EPEC 87A (0111, eaeA positive);
3, EDL933 (O157:H7, eaeA positive); 4, EDL933-Cu (O157:H7, eaeA positive,
60-MDa plasmid negative); 5, 95SF2 (O157:H™, eaeA positive); 6, 95ZG1
(026, eaeA positive); 7, MW13 (098); 8, 94CR (048:H21); 9, MW10 (O113); 10,
95PM2(0123); 11, 95AS1 (0128). The positions of the protein size markers are
indicated at left.
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intimate attachment of the bacterium to the cell surface. Be-
neath the adherent bacteria, there is accumulation of cytoskel-
etal components, resulting in the formation of pedestals, and
this is recognizable by electron microscopy and by fluorescence
microscopy after staining with phalloidin-fluorescein isothio-
cyanate (14). Capacity to produce A/E lesions was initially
recognized in EPEC strains, and recent studies have elucidated
the molecular events involved in their generation (reviewed by
Donnenberg et al. [5]). All of the genes necessary for genera-
tion of A/E lesions in EPEC are located on a 35.5-kb chromo-
somal virulence island termed LEE. LEE contains the eae4
gene, which encodes intimin, an outer membrane protein
which mediates intimate attachment to the enterocyte. LEE
also includes a cluster of genes which encode a type III secre-
tion system responsible for export of other LEE-encoded pro-
teins, including EspA, EspB, and EspD, which are necessary
for initiation of signal transduction events involved in the gen-
eration of enterocyte cytoskeletal rearrangements (5, 16). The
mechanism whereby STEC strains generate A/E lesions is less
well characterized but is essentially analogous to that for
EPEC. STEC strains displaying the A/E phenotype have a
LEE homolog (20), which although not yet fully characterized,
encodes intimin as well as various secreted proteins (including
an EspB homolog) and a type III secretion system (3, 9, 33).

There is no doubt that there is a strong link between carriage
of eaeA and STEC strains associated with severe human dis-
ease such as hemorrhagic colitis and HUS (2, 4, 18, 32). In the
present study we have shown that convalescent-phase sera
from five HUS patients associated with an outbreak of
O111:H  STEC infection recognize a protein in STEC lysates
that comigrates with intimin (EaeA). A serological response to
EPEC intimin has previously been reported for patients with
EPEC diarrhea (10, 17). We have also shown that the only
clones among a large O111:H™ STEC cosmid gene bank that
reacted with HUS patient serum contained part of the LEE
locus. The 7-kb subclone pEV283 was strongly immunoreac-
tive and contained a copy of eae4. There were no other ORFs
within pEV283 capable of encoding proteins with sizes similar
to those of the other immunoreactive species, and so these are
presumed to be degradation products of intimin. No immuno-
reactive species of the expected size of OrfU was observed.
OrfU is thought to be a cytoplasmic chaperone protein (5) and
so may not be exposed to the immune system during infection,
or alternatively, it may be poorly immunogenic.

Assessment of the contribution of intimin to STEC patho-
genesis, however, is complicated by sequence heterogeneity,
particularly in the C-terminal portion of the protein, which is
thought to be involved in binding to the epithelial cell (30).
EPEC intimin and the homolog from O157:H7 STEC exhibit a
high degree of amino acid identity for the first 700 or so amino
acids, but the C-terminal portions (about 25% of the total
length) are quite divergent, displaying only about 50% homol-
ogy (3, 33). This may account for marked differences in tissue
tropism observed in gnotobiotic piglets challenged with
O157:H7 STEC eaeA-negative mutants complemented with
either EPEC or O157:H7 eaeA (30). Heterogeneity also occurs
within STEC strains, as shown in the present study; the de-
duced amino acid sequence of intimin from 95NRI1 is only
88.6% identical to that of O157:H7 intimin. Again, the most
divergent region is the C-terminal portion, the last 200 residues
of which exhibit only 75% identity. These findings are consis-
tent with an earlier report which showed a similar divergence
between the last 254 amino acids of intimins from O157:H7
and O111:H8 STEC (18). This partial O111:H8 intimin se-
quence exhibits 97.6% identity to the respective portion of the
95NR1 protein. Given the apparent involvement of the C ter-
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minus in receptor binding, it is possible that differences in
intimin sequence may be functionally significant. This might
account for the observation of Wieler et al. (31) who found
that only 65% of eaeA probe-positive bovine STEC isolates
were capable of forming A/E lesions, as judged by fluorescent
actin staining of infected HEp-2 cells.

The heterogeneity of intimin contrasts markedly with the
high degree of conservation of the gene (orfU) which is located
immediately 5’ to eae4. The amino acid identities between the
OrfU from 95NR1 and homologs from O157:H7 STEC and
EPEC strains were 96.2 and 99.4%, respectively. This implies
that selective pressure in favor of heterogeneity is stronger for
intimin than for OrfU. Unlike OrfU, intimin is exposed on the
bacterial cell surface, and systemic or local immune responses
to this protein may be capable of blocking adherence of the
STEC to the intestinal epithelium. Thus, antigenic variation,
particularly in the exposed intimin domains, would be a signif-
icant advantage to the bacterium, assuming such variation does
not compromise receptor interactions. The present study pro-
vides the first direct evidence for antigenic diversity of intimin
within STEC strains as the eaeA-positive O157:H STEC
95SF?2 failed to react with sera from three of five patients who
were infected with O111:H~ STEC. The fact that a 94-kDa
species in the O157:H7 STEC strain (EDL933) reacted strong-
ly with one of these serum samples is also intriguing. The
difference in reactivity between 95SF2 and EDL933 is not
related to expression of eaed, as 95SF2 did react with serum
from patient 2 who had a dual O111:H -O157:H " infection.
This suggests that immune responses to intimin may even be
specific to strains within an O serogroup, a possibility which
may compromise the efficacy of intimin as a STEC vaccine
antigen.
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