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Abstract An Escherichia coli type III secretion system 2
(ETT2) locus was discovered in enterohemorrhagic E. coli
O157:H7. To determine presence or absence of the ETT2
locus in diarrheagenic E. coli, a multiplex polymerase
chain reaction (PCR) encoding Shiga toxins (stx; and stx,),
intimin (eaeA), and ETT2 (etrA) was developed for rapid
detection. The ETT2 locus was identified not only in
Shiga toxin-producing E. coli (STEC) but also in various
non-STEC.
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The genome sequence of enterohemorrhagic Escherichia
coli (EHEC) O157:H7 has been found to contain an addi-
tional type III secretion system (TTSS), the E. coli type 111
secretion system 2 (ETT2)." A characteristic of the TTSS
encoded by a pathogenicity island known as the locus of
enterocyte effacement (LEE) region, or ETT1, is its ability
to deliver effector proteins into the cytoplasm of a target
eukaryotic cell through a translocation apparatus that con-
nects the bacterial and eukaryotic cells; the ETT1 is respon-
sible for the development of attaching and effacing lesions.”
The ETT2 locus consists of the epr, epa, and eiv genes,
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similar to the sequence of a pathogenicity island in Salmo-
nella enterica serovar Typhimurium.*”

To determine the presence or absence of the ETT2 locus
in human diarrheagenic E. coli strains, which include vari-
ous serotypes, target genes selected for multiplex poly-
merase chain reaction (PCR) were eaeA, encoding the
protein intimin (which is involved in LEE regions), stx; and
stx, for Shiga toxin, and etrA (which is involved in the ETT2
locus). In particular, etrA, the target gene in the ETT2
locus, has been identified between the epr and epa genes as
an ETT2 regulator; it has a profound effect on gene tran-
scription in the LEE region.’

The PCR assay was tested with a laboratory collection of
83 human diarrheagenic E. coli isolates and 34 E. coli iso-
lates from healthy individuals, obtained from Kobe Univer-
sity Hospital, Nishi-Kobe Medical Center, and the Kobe
Institute of Health, all in Japan. These strains were previ-
ously examined for O-serotypes and for the production of
Shiga toxins. The strains were incubated at 37°C for 18 to
24h in 2ml Heart infusion broth medium (Eiken Chemical
Co. Ltd., Tokyo, Japan). The culture was the incubated at
100°C for 10min, followed by centrifugation at 13000rpm
for 5min prior to removal of the template for PCR. The E.
coli O157:H7 strain (ATCC 35150) was used as a positive
control in this study, and the E. coli K-12 strain JM109 was
the negative control. For our protocol, Sul of DNA was
added to 45ul of reaction mixture containing final concen-
trations of 1x PCR reaction buffer (500mM Tris-HCI,
100mM KCl, 50mM (NH,),SO,, 20mM MgCl,; pH 8.3),
0.2mM deoxynucleotide triphosphate mix (Roche Diagnos-
tics, Penzberg, Germany), and 0.4 U of FastStart Taq poly-
merase (Roche). The four primer sets (Table 1) were added
at final concentrations of 0.05uM for etrA, 1uM for eaeA,
and 0.5uM for stx; and stx,. The concentration of each
primer gave satisfactory amplification of each gene. The
PCR consisted of an intial denaturation step at 94°C for
4min, amplified by 30 cycles of denaturation at 94°C for
30s, annealing at 50°C for 1min, and extension at 72°C
for 3min, ending with a final extension at 72°C for 10min,
in a TaKaRa PCR Thermal Cycler Personal (Takara
Bio, Ohtsu, Japan). DNA fragments were resolved by gel
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Table 1. PCR primers used in this study

Gene target  Primer sequence (5-3")

Product size (bp) Reference no.

etrA CTTCTTCCTAACGAAACTATCATTA 913 7
TGACATATCAACTTTCTCTTACGC

eaeA GCTTAGTGCTGGTTTAGGAT 488 8
TCGCCGTTCAGAGATCGC

stx; ACACTGGATGATCTCAGTGG 614 9
CTGAATCCCCCTCCATTATG

stx, CCATGACAACGGACAGCAGTT 779 9

CCTGTCAACTGAGCAGCACTTTG

Table 2. Conservation of virulence factors in diarrheagenic E. coli

Serotype (no. of isolates)

etrA eaeA stx, Stx,

STEC O157:H7 (17)

0157:H7 (7), O157:H-(3)

026 (5), O157:H7 (1), O157:H~(1)

026 (2)
0177 (1)
026 (1)
026 (1)

non-STEC

01 (6), 08 (1), 044 (1), 0114 (1),

I+ + + +
o+ o+ o+
+ o+ o+ o+

I+

+ 1+
I+ +
[

[

0119 (1), 0126 (1), 0114 (2), 0158 (1),

0166 (1), 0168 (1), 0169 (1)

01 (8), 06 (5), 015 (1), 018 (5), 025 3), - - - -
027 (1), O114 (1), 0128 (2), 0164 (1)

— etrA
— six,
— stx;
— eaeA

Fig. 1. Agarose gel electrophoresis of DNA fragments generated by
multiplex polymerase chain reaction (PCR) with serotyping strains.
Lanes, M, DNA size markers (¢ x 174-Haelll digest); 1,
ATCC35150(0157:H7); 2, E-232(0157:H7); 3, E-179(0157:H7);
4, E-321(026); 5, E-354(0157:H7); 6, E-355(026); 7, E-5(01), 8,
JM109 (negative control)

electrophoresis on a 2% agarose gel (1 x Tris-acetate-
ethylenediamine tetraacetic acid [EDTA] buffer),
stained with ethidium bromide, and visualized with UV
illumination.

Figure 1 shows that the four virulence genes were clearly
detected. PCR products were obtained in the expected sizes
for eaeA (488bp, lanes 1 to 6), stx; (614bp, lanes 1, 3, and 4),
stx, (779bp, lanes 1 and 2), and etrA (913bp, lanes 1 to 5,
and 7), while no PCR product was detected in the negative
control (lane 8). Eighty-three strains isolated from diarrheic
patients were characterized by multiplex PCR. These
strains were identified with the aid of those obtained by
single PCR for each gene and phenotype (Stx1 and Stx2).

The detect of virualence factors in diarrheagenic E. coli are
shown in Table 2. etrA was the most prevalent in the
samples (54 of 83; 65%), compared to eaeA (36 of 83;43%).
Shiga toxin-producing E. coli (STEC) strains were charac-
terized as stx; (27 of 83;33%), stx, (28 of 83; 34%), and all
possessed etrA, except for O177. A small proportion of non-
STEC strains did not possess eaeA, and etrA was contained
in many non-STEC strains (18 of 46; 39%), especially O1.
Furthermore, a few of the 34 strains from healthy individu-
als showed the presence of etrA (2 of 34; 6%) but none
showed the presence of eaeA, stx,, or stx,. These results
indicate that, using multiplex PCR, the ETT2 locus can be
identified in various E. coli, both STEC snd non-STEC. The
ETT2 locus contains 19 open reading frames (ORFs) highly
homologous with SPI-1 (Salmonella enterica serovar
Typhimurium pathogenicity island 1).” SPI-1 comprises the
inv-spa complex, which specifies a TTSS involved in the
export of antigens that promote cell entry.* The epr-epa-eiv
genes of the ETT locus were not found in K-12 MG1655.
These findings indicate that the ETT2 locus is important as
a virulence factor in diarrheagenic E. coli. This suggests that
the presence of ETT2 is not only associated with EHEC/
STEC but also with other diarrheagenic E. coli.
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