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Distribution and Diversity of Shiga Toxin 2 Gene in Urban Rivers

Katsuji Tani,∗,a,b Misuzu Kaneshige,b and Masao Nasub

aEnvironmental Science and Microbiology Faculty of Pharmacy, Osaka Ohtani University, 3–11–1 Nishikiori-kita, Tondabayashi, Os-
aka 584–8540, Japan and bEnvironmental Science and Microbiology Graduate School of Pharmaceutical Sciences, Osaka University,
1–6 Yamada-oka, Suita, Osaka 565–0871, Japan

(Received January 17, 2007; Accepted May 10, 2007; Published online May 23, 2007)

In urban rivers in Osaka, Japan, DNA containing
the stx2 gene, which encodes the Shiga toxin 2 (Stx2),
was found to be present in sediment, even when it was
not detected in the surface water. A DNA sequence
similar to that of bacteriophage 933W and the Sakai
strain was detected at every sampling location. Two
strains of Escherichia coli O157 carrying the stx2 gene
were independently isolated from sediment. These re-
sults show that river sediment is a potential reservoir
of the stx2 gene and Shiga toxin-producing bacteria in
the natural environment.
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INTRODUCTION

Shiga toxin is one of the most important
pathogenicity factors known to affect humans,1) and
Shiga toxin-producing bacteria such as Escherichia
coli O157 are a significant cause of hemorrhagic di-
arrhea and hemolytic uremic syndrome. Shiga tox-
ins fall into two groups: Stx1 and Stx2. The gene en-
coding Stx1, stx1, is highly conserved, whereas that
encoding Stx2, stx2, has 11 distinct variants.2) These
genes are encoded by a bacteriophage genome.3)

Farm ruminants such as cattle and sheep are
the major reservoirs of these bacteria4) and can ex-
crete them in their feces, resulting in contamina-
tion of soil and water. Most outbreaks are linked to
the consumption of undercooked bovine food prod-
ucts, fecal-contaminated vegetables, and other con-
taminated foodstuffs.5–8) It has recently been found
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that E. coli O157:H7 may possibly be transmit-
ted via contaminated slugs.9) Transmission through
contaminated drinking or swimming water is also an
important pathway of E. coli O157 infection.10–12)

E. coli can survive in aquatic environments,13–15)

and both Shiga toxin-producing bacteria and bac-
teriophages carrying the Shiga toxin gene have
been isolated from aquatic environments.4, 16–20) It
is possible that aquatic environments are a reservoir
for Shiga toxin-producing bacteria.

In the present study, we measured the concen-
tration of stx2 DNA in river surface water and sed-
iment, and compared the partial sequences of the
genes found. E. coli O157 carrying the gene was
also isolated.

MATERIALS AND METHODS

Sampling —— Sampling stations were shown in
Fig. 1. Surface water and sediment samples were
taken from Kurumatsukuri, Minami-takahama,
Juhachijo (in the Aigawa-Kazakigawa River sys-
tem), Shiromi (Neyagawa River) and Higashi-
kuwazu (Inagawa River) in the northern part of Os-
aka, Japan, from June to December, 2004 (Table 1).
Surface water samples were collected in a sterilized
polycarbonate bottle. Sediment samples were col-
lected using the Eggman.
Quantification of stx2 DNA —— Volumes of 10,
1 or 0.1 ml of surface water, or 10, 1 or 0.1 g
(wet-weight) of sediment were placed into tubes
with 10 ml of R2A liquid medium21) in triplicate.
After overnight incubation at 30◦C with shaking,
bacterial cells were collected from 1 ml of culture
and washed. Then bacterial DNA was extracted
by three repeats of freezing in liquid nitrogen and
thawing at room temperature. After purification
using phenol-chloroform and concentration by
ethanol precipitation, DNA was resolved in 50 µl
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of Tris- EDTA (TE) buffer, and 1 µl aliquots were
used for polymerase chain reaction (PCR) ampli-
fication. The stx2 DNA was detected by nested
PCR. Primers were designed as follows: first round
primer set, 5′-CCATGACAACGGACAGCAGTT-
3′ and 5′-CCTGTCAACTGAGCACTTTG-
3′; second round PCR primer set, 5′-
ATCAGTCGTCACTCACTGGT-3′ and 5′-
CCAGTTATCTGACATTCTG-3′. The PCR
reaction mixtures contained 5 U of Amplitaq Gold,
2 mM MgCl2 and 0.2 mM deoxy ribonucleotide
triphosphate mixture (dNTP). The volume of the
PCR mixture was 20 µl. PCR conditions were
as follows: one cycle of 95◦C for 9 min (hot

Fig. 1. Sampling Station
Each station is located in Osaka prefecture, Japan.

Table 1. Abundance of stx2 Gene in River Surface Water and Sediment in Osaka

Sampling date Kurumatsukuri Minami-takahama Juhachijo
Water Sediment Water Sediment Water Sediment

(MPN/100 ml) (MPN/100 g) (MPN/100 ml) (MPN/100 g) (MPN/100 ml) (MPN/100 g)
Jun 9 3 — — — 43 —

23 — — — — 9.1 —
30 — — — — < 3.0 —

Jul 6 3.6 — — — < 3.0 —
13 — — — — < 3.0 43

Aug 24 — — — 460 — 44
Sep 15 — 3 — — 14 43
Oct 19 3.6 3 — — 3 —

28 < 3.0 < 3.0 < 3.0 3.6 < 3.0 43
Nov 9 3 < 3.0 3.6 3.6 < 3.0 7.2

30 < 3.0 < 3.0 < 3.0 3.6 3.6 3.6
Dec 14 < 3.0 < 3.0 < 3.0 9.1 3 3.6

Sampling was carrying out from June to December in 2004. —: not done

start); 30 cycles of 94◦C for 30 sec (denaturation),
65–55◦C (touchdown, −0.5◦C per cycle) for 30 sec
(annealing), 72◦C for 1 min (extension); then one
cycle of 72◦C for 7 min. One microliter of reaction
mixture of the first PCR was used for the second
PCR. The reaction mixture and the conditions for
the second PCR were the same as used for the
first, except that the concentration of MgCl2 was
2.5 mM. The number of copies of stx2 DNA present
was estimated by using the most probable number
(MPN) method.22)

Isolation of E. coli O157 —— E. coli O157 was
isolated using Ogden’s method20) with slight mod-
ifications. Ten grams of river sediment was inoc-
ulated into 250 ml of R2A liquid medium21) and
incubated at 30◦C with shaking overnight. One
milliliter of the culture was transferred into 50 ml
of buffered-peptone water containing 8 mg/ml van-
comycin, then incubated at 42◦C for 6 hr with shak-
ing. One milliliter of the culture was used for im-
munomagnetic isolation.
Sequencing —— The PCR products obtained from
the isolates and environmental samples were cloned
into plasmid pGEM-T Easy (Madison, WI, U.S.A.).
Sequencing was performed using CEQ Terminator
Cycle Sequencing with the Quick Start Kit (Beck-
man Coulter, Fullerton, CA, U.S.A.) in a CEQ800
DNA Analyzer (Beckman Coulter, Fullerton, CA,
U.S.A.) in accordance with the manufacturer’s in-
structions. Nucleotide sequence analysis of homol-
ogous DNA sequences from the DDBJ and Gen-
Bank databases was performed with ClustalX.
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RESULTS AND DISCUSSION

In the present study, we obtained samples from
five sampling locations (Fig. 1). Kurumatsukuri is
located in an agricultural area, and at that point the
river is narrow, shallow and fast-flowing. Minami-
takahama and Juhachijo are located in an industrial
area, and the river at these points is considered to
be highly polluted. Shiromi is in a commercial area
in Osaka City, and is considered to be the most pol-
luted of the four sampling stations. Higashikuwazu
is located in an industrial area. The abundance of
DNA containing the stx2 gene at three sampling sta-
tions is shown in Table 1. At Juhachijo, the concen-
tration of stx2 DNA in surface water ranged from

Fig. 2. Isolation of Bacteria Carrying stx2 Gene
Lane 1: molecular size marker, 2: negative control (no DNA), 3:

positive control (EHEC Sakai strain), 4: isolate (Kurumatsukuri), 5–
15: isolates (Juhachijo). Arrow shows the position of the nested-PCR
products originated from the stx2 gene.

Fig. 4. Phylogenetic Relationship of Partial stx2 Gene Sequence

less than 3 to 43 MPN/100 ml. At this sampling lo-
cation, stx2 DNA was detected in the sediment at ev-
ery sampling time, even when it was not detectable
in the surface water. At Minami-takahama, the con-
centration of stx2 DNA in surface water was less
than 3.6 MPN/100 ml, whereas in the sediment the
concentration ranged from 3.6 to 460 MPN/100 g.

Fig. 3. Identification of E. coli O157 by FITC-labeled Anti E.
coli O157 Monoclonal Antibody Staining

Isolate A and B were isolated from the sediment of Juhachijo.
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At Kurumatsukuri, an agricultural area, the concen-
tration of stx2 DNA was less than 4 MPN/100 ml or
g in both the surface water and sediment during the
study period. These results suggest that stx2 DNA
may be ubiquitous in the sediment of an urban river,
but was transient in a suburban river in this study.

Two strains of E. coli O157 carrying stx2

DNA were independently isolated from sediment
at Juhachijo. Before use of selective media, sam-
ples were incubated in liquid R2A medium.21) R2A
medium is suitable for the cultivation of bacte-
ria that occur in the natural environment, and we
were not able to isolate bacteria carrying the stx2

gene without using this medium. PCR amplification
and fluorescent antibody staining showed that these
strains were carrying the stx2 gene and the O157 cell
surface antigen (Figs. 2, 3). Viable E. coli O157 was
present in urban river sediment.

Nucleotide sequences at position 839–1166, a
variable region in the stx2A–stx2B gene, were com-
pared for 5, 7, 10 and 11 sequenced clones ob-
tained from Kurumatsukuri, Juhachijo, Shiromi and
Higashikuwazu. The entire stx2 gene for two iso-
lates from Juhachijo were also sequenced. Fig-
ure 4 shows the phylogenetic relationships of the
partial stx2 gene sequences of our samples and rep-
resentatives. There was a low level of diversity in
the stx2 gene among the four sampling locations.
Eleven distinct variants of the stx2 gene are known
to exist;2) in the present study four variants were
present in Shiromi, three in Juhachijo, and all clones
obtained from Kurumatsukuri and Higashikuwazu
(Inagawa River) belonged to the same group. Se-
quences that were similar to those of bacteriophage
933W and the Sakai strain were also detected.

To prevent infection, it is important to under-
stand the ecology of pathogenic bacteria. Farm ru-
minants are known to be major reservoirs of Shiga
toxin-producing bacteria.4) In the present study, we
found that E. coli O157 carrying the stx2 gene lived
in river sediment and that stx2 DNA was present in
sediment even when it was not detectable in surface
water. Though we did not determine whether the
stx2 DNA was present in bacterial cells or bacterio-
phages alone, it is clear that river sediment is a po-
tential reservoir for the stx2 gene in the natural envi-
ronment. If sediment is stirred, the river water may
come to contain a high level of bacteria carrying the
stx2 gene, which may spread downstream. There-
fore, river water should be considered a potential
source of Shiga toxin-producing Phylogenetic Re-
lationship of Partial stx2 Gene Sequence. bacteria.
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