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FIG. 2. Amplification of DNA from E. coli strains with AE oligonucleotide primer pairs. AE primer pair 11 and 12 are homologous to the
5' coding sequence ofeae from EPEC E2348/69 (0127:H6) and EHEC CL8 and EDL933 (0157:H7). AE primer pair 19 and 20 are homologous
to the 3' coding sequence of eae from the EHEC CL8 and EDL933 (0157:H7). The results of PCR experiments using AE primer pair 11-12
(A and B) or 19-20 (C and D) with DNA from E. coli strains of human (A and C) and animal (B and D) origin. Following DNA amplification,
a 15-pLl aliquot of each 100-,ul PCR reaction mix was analyzed by agarose gel electrophoresis (1.0% agarose containing ethidium bromide).
Lanes: a, molecular size markers (1-kb ladder; GIBCO-BRL). (A and C) Lanes: b to 1, SLT-EC C2340 (05:NM), H19 (026:H11), B2F1/3
(091), C5529 (103:H2), C52050 (0111:K58), CL106 (0121), H.I.8 (0128:B12), CH33264 (0145:H-), E32511 (0157:H-), 319 (0157:H7), CL8
(0157:H7); m to o, non-SLT-EPEC strains EC322 (055), EC226 (086) and EC320 (0127:H6), respectively. (B and D) Lanes: b to e, bovine
SLT-EC E1985 (026:K60), E902768 (026:K60), R880230 (0111:K58), and E884108 (0111:K58), respectively; f to g, bovine ETEC A821762
and E822384, respectively; h to 1, porcine SLT-EC 6604 (O?:H11), 3881 (0107:K+?:H9), WGA (0138:K81), 1630 (0139:K82), and E145
(0141:K85), respectively; m to n porcine ETEC EM881052 and EM884198, respectively; and o, CL8 (0157:H7).

gests were analyzed by agarose gel electrophoresis as de-
scribed above.

RESULTS

PCR experiments with AE primers. Oligonucleotide primer
pairs homologous to the nucleotide sequence of the 5'
portion of the eae gene of E. coli E2348/69 (Fig. 1, AE primer
pairs 9-10, 11-12, and 13-14) generated PCR products of the
predicted sizes with DNA from human and bovine SLT-EC
from 0 serogroups 5 (2 of 2), 26 (19 of 19), 103 (5 of 5), 111
(10 of 11), 121 (1 of 1), 145 (1 of 3), and 157 (26 of 26) (Table
1). DNA from porcine SLT-EC of 0 serogroups 107 (1 of 2)
and 130 (1 of 2) and one rough E. coli strain was also
amplified with these oligonucleotide primer pairs. PCR prod-
ucts of the predicted sizes were also obtained with these AE
primer pairs with DNA from non-SLT-producing EPEC
strains from 0 serogroups 26, 86, 55, 126, 127, and 142 (one
strain from each 0 serogroup except 127 which had two
strains). Results of PCR experiments for representative E.
coli strains are shown in Fig. 2.
Two primer pairs homologous to the 3' end of the eae gene

of E2348/69 (AE primer pairs 15-16 and 17-18) did not
generate PCR products with DNA from any of the SLT-EC
strains tested. PCR products were, however, obtained with
these primer pairs with DNA from non-SLT-producing

EPEC strains from 0 serogroups 127 and 142. With the AE
primer pair 17-18, a PCR product was also obtained with
DNA from a non-SLT-producing EPEC strain from 0 sero-
group 86.
AE primer pair 15-18 (with homology to the 3' region of

the 2348/69 eae) and the primer pair AE 19-20 (with homol-
ogy to the 3' region of eae of the E. coli CL8 serotype
0157:H7) generated PCR products with DNA from SLT-EC
of 0 serogroup 157 (all strains) and one strain of0 serogroup
145. DNA from an EPEC strain of 0 serogroup 55 was also
amplified with these primer pairs. However, with AE primer
pair 15-18, DNA from two SLT-EC strains of 0 serogroup
111 and EPEC strains of 0 serogroups 86, 127, and 142 was
also amplified.
No PCR products were obtained with any of the AE

primer pairs mentioned above with DNA from human
SLT-EC of 0 serogroups 38 and 91, 24 porcine SLT-EC
isolates of 0 serogroups 2, 120, 121, 138, 139, and 141, or 29
porcine and bovine ETEC strains (see Table 1).
RE profiles of eae PCR products. The AE oligonucleotide

primer pair 9-14 amplified a 2.3-kb fragment from the 5'
portion of eae with DNA from all SLT-EC strains of human
and bovine origin which were positive in PCR assays with
other AE primers. This fragment could only be amplified
from one 0 serogroup 130 strain and one rough SLT-EC
strain from pigs with this primer pair. Five distinct HaeIII
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FIG. 3. HaeIII profiles of 5' EAE PCR products obtained with
DNA from representative E. coli strains. DNA from E. coli strains
was amplified with AE primers 9 and 14, which are homologous to
the 5' coding sequence of eae from the EPEC E2348/69 (0127:H6)
and CL8 and EDL933 (0157:H7). These primers generate a ca.
2.3-kb fragment with DNA containing eae in PCR experiments.
Following DNA amplification, each 100-,ul PCR reaction mix was
precipitated with ethanol, reconstituted with 18 pl of water and 2 pJ
of 10 x enzyme buffer, and digested with 8 U of HaeIII 1 h at 37°C.
A 10-pl aliquot of each PCR product digest was analyzed by agarose
gel electrophoresis (1.2% agarose containing ethidium bromide).
Lanes: b to d, HaeIII profile A E. coli H30 (026:K60:H11), CH3878
(0111:K58), and HI8 (0128:B12) respectively; e to i, profile B
strains E32511 (0157:H-), CL8 (0157:H7), CH33264 (0145:H-),
EC322 (055:B5), and CH52050 (0111:K58) respectively; j, profile C
strain CH5432 (0103:H2); k, profile D strain CH3620 (0111:K58); 1
to m, profile E strains EC226 (086:K?) and EC320 (0127:H6),
respectively; a, molecular size markers (1-kb ladder; GIBCO-BRL).

RE profiles were obtained with PCR products obtained by
amplification ofDNA from SLT-EC and non-SLT-producing
EPEC strains with AE primer pair 9-14 (Table 1 and Fig. 3).
Profile A was present in E. coli strains from 0 serogroups 5
(1 of 2), 26 (20 of 20), 111 (6 of 10), and 121 (1 of 1) and the
rough porcine E. coli strain. Profile B was present in all E.
coli 0 serogroup 157 strains of (26 of 26), one strain each of
O serogroups 55 and 145, three strains of 0 serogroup 111,
and one porcine E. coli strain of 0 serogroup 130. Profile C
occurred in five of five strains of SLT-EC from 0 serogroup
103. Profile D was present in only one strain each of SLT-EC
from 0 serogroups 5 and 111. Only non-SLT-producing
EPEC strains of 0 serogroups 86, 127, and 142 had profile E.
HaeIII RE profiles of PCR products from representatives of
these five groups (A to E) are shown in Fig. 3.
Although PCR products of the predicted sizes were ob-

tained with DNA from one porcine strain of 0 serogroup 107
by using AE primer pairs 9-10, 11-12, and 13-14, no PCR
products were obtained with DNA from this strain with the
AE primer pair 9-14. Consequently, no HaeIII profile was
assigned to the 5' eae PCR product of this strain.

Identical RE profiles were obtained following RsaI,
HaeIII, HhaI, and Sau3A digestions of the 3' AE primer pair
19-20 PCR products obtained by amplification ofDNA from
E. coli strains from 0 serogroups 55, 145, and 157. RsaI and
Sau3A digestion profiles of these PCR products are shown in
Fig. 4 (data for HaeIII and HhaI are not shown).

DISCUSSION

The high frequency of eae among SLT-EC strains of
human and bovine origin suggests that this attribute may be
important in the pathogenesis of enteric disease associated
with these organisms. However, in a few instances, eae was

FIG. 4. RE profiles of 3' EAE PCR products obtained with DNA
from representative E. coli strains. DNA from E. coli strains was
amplified with AE primers 19 and 20, which are homologous to the
3' end of eae from E. coli EDL933 (0157:H7). These primers
generate a ca. 1.1-kb fragment in PCR experiments. Following DNA
amplification, each 100-,u PCR reaction mix was precipitated with
ethanol, reconstituted with 18 pl of water and 2 pl of lOx enzyme
buffer, and digested with 8 to 10 U of Sau3A or RsaI for 1 h at 37°C.
A 10-,l aliquot of each PCR product digest was analyzed by agarose
gel electrophoresis (1.2% agarose containing ethidium bromide).
PCR products from E. coli E32511 (0157:H-), 319 (0157:H7), CL8
(0157:H7), CH33264 (0145:H-), and EC322 (055:B5) digested with
Sau3A (lanes b to f, respectively) and with RsaI (lanes g to k,
respectively); a, molecular size markers (1-kb ladder; GIBCO-
BRL).

not detected in these SLT-EC strains. It is possible that this
attribute was lost during storage or that these E. coli strains
contain a gene which is related to eae but which has
homology too low to be detected in our PCR assays. It is also
possible that these SLT-EC strains do not attach to human
enterocytes or adhere by different mechanisms.

Results of this study also suggest that considerable heter-
ogeneity exists within the eae locus of E. coli. The data
presented not only indicate that the gene from the EPEC
strain E2348/69 (0127:H6) differs from that found in E. coli
0157:H7 but also that several other variants of eae are
present in SLT-EC. In some E. coli 0 serogroups, such as
26, 103, and 157, PCR data and HaeIII RE profiles of 5' eae
PCR products were consistent for the E. coli strains within
the respective 0 serogroups and differences between the 0
serogroups were apparent. However, these profiles were not
serogroup specific, since E. coli strains such as those from 0
serogroup 26, 121, and 128 had the same HaeIII profiles and
strains from 0 serogroup 111 had three different HaeIII
profiles. HaeIII profiles of PCR products from the 5' end of
eae were, therefore, not strictly limited to specific E. coli 0
serogroups.

Unfortunately, the 3' end of eae could not be amplified
with DNA from strains of several SLT-EC 0 serogroups.
Consequently, comparisons of this region of eae could not
be made among all 0 serogroups. However, one oligonucle-
otide primer pair (AE 19-20), complementary to the 3' end of
eae from E. coli 0157:H7, appeared to be relatively 0
serogroup specific. This primer pair amplified DNA from all
E. coli 0157 strains (H7 and H-) but not from other SLT-EC
or EPEC strains, with the exception of one SLT-EC strain
from 0 serogroup 145 and one EPEC strain of 0 serogroup
55. While it may be possible to design oligonucleotide
primers which are even more specific for E. coli of 0

J. CLIN. MICROBIOL.

 on S
eptem

ber 25, 2020 by guest
http://jcm

.asm
.org/

D
ow

nloaded from
 

http://jcm.asm.org/


DETECTION OF eae GENE OF SLT-EC 1273

serogroup 157, RE profiles of the PCR products from the 3'
end of eae obtained with these oligonucleotide primers were
identical for the E. coli 055, 0145, and 0157 strains exam-
ined. This suggests that the nucleotide sequence of eae is
very similar if not identical in these E. coli strains.
The heterogeneity observed in the eae locus among

SLT-EC strains may be relevant to differences in the anti-
genicity and biological activity of the eae gene products. In
support of this notion, recent reports have noted antigenic
differences in 92- to 94-kDa outer membrane proteins ob-
tained from EPEC (5) and EHEC strains (10, 28). It is,
however, also likely that the genetic differences reflect the
lineages of these genes and may, consequently, be exploited
to allow the rapid characterization or grouping of SLT-EC
and EPEC strains. However, more detailed information
concerning eae from a larger number of strains, representa-
tive of a broader range of E. coli 0 serogroups, will be
required to determine whether serogroup-specific oligonu-
cleotide primers or RE profiles of eae PCR products can be
used in a typing scheme.

It is also of interest that one oligonucleotide primer (AE
18) with homology to a region downstream from the eae
coding sequence of E2348/69 also amplified DNA from E.
coli 0157 strains and a limited number of other SLT-EC (two
0 serogroup 111 strains and one strain of 0 serogroup 145)
and EPEC (one strain each of 0 serogroups 55, 86, and 142).
Nucleotide sequence analysis performed in our laboratory
has substantiated the existence of this region of homology
(unpublished data), and we have exploited this feature in the
design of oligonucleotide primers which allow cloning of this
3' eae region of these E. coli strains, without recourse to
other cloning techniques, such as inverse PCR (36) or the
construction of chromosomal DNA libraries (2).
The epidemiological association of outbreaks of HC and

HUS with the consumption of beef and milk (3, 26, 34, 35),
as well as the isolation of SLT-EC serotypes associated with
human disease from cattle (6, 19, 30, 31, 35), has led to the
suggestion that this domestic animal population may act as a
reservoir for SLT-EC involved in human infection. Evidence
presented in this study concerning the presence of eae in
SLT-EC of bovine origin provides additional support for this
hypothesis. While Barrett et al. (1) found that DNA from 12
of 26 SLT-EC strains from cattle hybridized with an eae
DNA probe, all of the bovine SLT-EC strains which we
examined appear to possess eae. The reason for this differ-
ence in findings between these studies is unknown. How-
ever, it may be related to the fact that in the former study,
bovine SLT-EC isolates were isolated from healthy animals,
while in our work all SLT-EC isolates were obtained from
calves with diarrhea.

Despite the frequent isolation of SLT-EC from pigs, there
is no epidemiologic evidence, that we are aware of, to
associate porcine SLT-EC with HUS or HC. In contrast to
the human and bovine E. coli strains examined, a minority of
SLT-EC isolates from pigs possessed eae. It is possible that
the low frequency of this gene among porcine SLT-EC may
explain the lack of an association between these E. coli
strains and human disease.
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