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Escherichia coli 0157 is an important pathogenic organism which causes diarrhea, haemorrhagic
colitis, and haemolytic wreamic syndrome (HUS) in human. E. eoli 0157 KNTH317 was isolated from
patients suffering with HUS in Korea. We designed a primer set for cloning shiga-like toxin (sit)
gene. The amplified PCR product was used to Southern and colony hybridization as a probe. As a
result, we cloned 4.5-kb Kpnl fragment containing the slf gene encoding shiga-like toxin from chro-
mosomal DNA of E. coli 0157 KNIH317, This recombinant plasmid was named pOVT45. E. coli XL1-
Blue harboring pOVT45 showed cytotoxicity in Vero cells. We sequenced the slf gene of this strain.
The A- subunit gene of ihe sl was composed of 960 base pairs with ATG initiation codon and TAA
termination codon. The B-subunit was composed of 270 base pairs with ATG initiation codon and
TGA termination codon, Nucleotide sequence comparison of the sit gene exhibited 100%, 98.4%,
93.7%, and 93.7% identity with that of shiga-like toxin type II (sIfI) of E. coli bacteriophage 333W.
variant slf of E. cali, sit of E. coli, and variant sl#II of E. coli, respectively. From these results, it
was concluded that the cloned s/ gene belongs to S1tII family and that the strain used in this stndy
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may be a lysogeny of E. coli bacteriophage 933W
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Certain strains of F. coli, associated with diarrhea,
haemorrhagic colitis, and haemolytic ureamic syn-
drome (HUS), have been shown to produce cytotoxing
{referred to shiga-like toxin) which are very similar to
shiga toxin (Sht) produced by Shigella dysenterice
type 1 (15). These toxins are called as shiga-like toxin
or verotoxin due to their cybotoxic activity in Vero
cells. The major types (Sl and SitIl or VIT and VTII)
of shiga-toxins have been distinguished by serological
method as well as nucleotide sequence analysis. SItI
{or VII) can be neutralized by antiserum prepared
against purified shiga toxin, and its DNA sequence
differs by only 4 bp in the A-subunit gene (resulting in
a single amino Nid change}. The B-subunit genes of
SltI and Sht are identical (11, 24). However, SItIT (or
VTII} is not neutralized by antiserum of shiga toxin,
and there is only about 60% homology hetween the
nt and aa sequences of A-and B-subunit genes of Sltl
and SKII (23). As a variant of SItII, SltlTy (or VT1Iv)
is produced by E. coli strains associated with edema
digease and is neutralized by antiserum to SIIT, SIIL
and SltIIv can cross-react immunologically with each
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other and share 91% homology in nuclectide sequ-
ence. Sht, Sltl, and SItIT are compound toxins, con-
sisting of a single engymatically active A-subunit, which
inhibits eukaryotic protein synthesis. The pentameric
B-subunit is responsible for binding to glycolipid
receptors in target cell membranes (10).

Unlike sht gene, which 18 chromosomally encoded,
alt] and sitIT genes are generally encoded on lambdoid
bacteriophages (17). However, variant sltIl genes have
been isolated from the chromosomal DNA of E. coli
strains from both human and animal sources (8).

Among these pathogens, Enterohemorrhagic . coli
(EHEC) 0157 is highly pathogenic to human and has
been isolated from patients throughout the world.
EHEC 0157 can be transmitted through contami-
nated food and water, as well as via infected persons.
Clinical microbiologists are increasingly asked not
only to identify, but also to type 0157 to clarify the
chain of infection, The typing methods currently em-
ployed include phage typing (1), multi-locus enzyme
electrophoretic typing (27), sl genotyping (7), plasmid
typing (13), random amplified polymorphic DNA fin-
gerprinting (28), and genomic DNA restriction frag-
ment length polymorphism (RFLP) analysis (3, 18).
Molecular methods have demonstrated that 0157 iso-
lates have potential to rapidly change their genotypic
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composition. This phenomenon is referred to as clonal
turnever, which can ocour within the O157 population
of an individual patient. This is characterized by the
appearance of new clonal genotypes and loss of old
clones (9). It is possible that prophages which are
known to be integrated in the 0157 chromosome are
partly responsible for this phenomenon. Phages that
contain structural genes for slfl or sitIl have been
isolated from O157 strains, and their morphology,
genome sizes, and RFLP have been characterized (12,
19, 21, 23).

For the purpose of generating vaccine againgt  E.
coli 0157, we cloned the s/tIl gene encoding a shiga-
like toxin type II from chromogomal DNA of  E. colt
0157 KNIH317 isolated in Korea. In this paper, we
report cloning, sequencing, and analysis of slfIl gene
from chromosomal DNA of the isclate.

Materials and Methods

Bacterial strains, plasmid, and culture conditions
The bacterial strains and plasmids used or con-
structed in this study are presented in Table 1.
E. coli 0157 KNIH317 was isolated from a Korean
patient with HUS and kindly provided by Korea
National Institute of Health. The recombinant plas-
mids pOVT45 contains the sifll gene, which is respon-
gible for cytotoxicity in Vero cells. Recombinant plasmids
pOVT4501, pOVT4501, pOVT4502, pOVT 4510, and
pOVT4b14 were constructed from pOV'T45 as shown
in Table 1. All the gtraing carrying various recombinatit
plasmids were selected on ILuria-Bertami (LB) agar
medium containing ampicillin (50 pg/ml), tetracyeline (15
tg/ml), isopropyl thio-#D-galactoside (IPTG), and 5-
bromo-4-chloro-3-indolyl-3-D-galactoside (X-gal).

Preparation and irn vitro manipulation of plas-
mid DNA

Tsolation of plasmid DNA, chromosomal DNA, trans-
formation, restriction endonuclease digestion, ligation,
agarose gel electrophoresis, and other standard recom-

Table 1. Bacterial strains and plagmids used n thiz study

Verotoxin gene from Esdericla coh (0157 BNIH31Y 169

binant DNA techniques were performed as described
in Sambrook et al. (20).

Primer design and PCR amplification

Two oligos were used as PCR primers for ampli-
fication of slt-related genes from the isolate. The
primer (5'-CTTGAACATATATCTCAGGG-3) is homol-
pgous to a region 148-1687 nt downstream from the
ATG start codon of the gene encoding the A subunit
of Slt. The primer (5 -AACTCCATTAACGCCAGATA-
3" is complementary to a region 481-500 ot from the
game point. Thus, these primers direct amplification
of a 353-hp DNA fragment that contains partial Sit A-
subunit regions. PCR amplification was carried out
using a DNA thermal eyeler (Bioneer Tne. Korea), with
30 cyclea consisting of denaturation at 94 C for 1 min,
annealing at 53°C for 1 min, and extension at 72°C
for 1 min. The PCR product was puritied from 1.0%
agarose gel, and this is used as a probe for Southern
and colony hybridization.

Cloning of slt gene in E. coli 0157 KNIH317
by Southern and colony hybridization
Hybridization was earried out according to ECL
{enhanced chemiluminescence, Amersham) kit and
the procedure recommended by the manufacturen
Chromosomal DNA was digested with Kpnl, Psil,
and Sail using the conditions as recommended by
the mamifacturer After running in gel, Southern
hybridization was performed using PCR product as a
probe. For colony hybridization, we made mini-librar-
ies of E. coli 0157 KNIHS317 chromosomal DNA.
In brief, chromosomal DNA and pBluescript SK(+)
plasmid DNA were restricted with Kpnl. The lin-
earized pBluescript SK(+) DNA was treated with bac-
terial alkaline phosphatase for 60 min at 88°C. The
DNA was extracted with phenol and chloroform and
precipitated with 2 volumes of cold (-20°C ; absolute
ethanol. The eluted chromosomal DNA (4.5-kb Kpnl
{fragments) was precipitated by ethanol. Restricted
vectar and the eluted chromosomal DINAs were mixed
with 1 to 5 U of T4 DNA ligase, 10 mM dithiothreitol,

Bacterial strain and plasmid

Relevant characteristics

Saurce

Btrains
E. coli O157 KNTHA17
E. colt XL1-Blue

This study

supEAthsdR1TrecAlend AlgyrAd6thirelAllac-FlproAB  locllacZM15Tnl 0tet)]

Plasimids

pBluescript SK(+} Ay, multiple cloning site in aeZ o Stratagene Co.
pOVT44 4.5-kb KEpnl fragment from E. coli 0157 KNIH317 inserted into SK(+) This study
pOVT4501 Sell-ligated small fragment. of pOVT4E digested with Pstl This study
pOVT4502 4.0-kb Pst1 fragment from pOVT45 inserted into SK(+) This study
pOVT4510 Self-ligated large fragment of pOYT45 digested with Smal This study
pOVT4511 3.3-kb Smal fragment from pOVT45 inserted into SK(+-) This study
pOVT4514 0.7-kb Smal fragment from pOVT4502 inserted into SK(+) This study
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and 1 mM ATPE Ligation was performed for 12 to
18 h at 16°C. The ligation mix was used to transform
competent XL1-Blue cells and selected to ampiciliin
resistant (Amp®) transformants. Amp® colonies grawn
on the LB plates were transferred to nylon membrane
and were tested for colony hybridization by using the
same probe.

Expression of the cloned slt gene in E. coli cells

E. coli XL.1-Blue cells harhoring pOVT45 (or pOVT45-
1) and pBluegerip SK(+) as controls were cultured at
37°C overnight in LB broth. Precultured cells were
inoculated into the same medium and cultured at
37°C At Ay, =07, IPTG was added to the culture to
a final concentration of 0.5 mM, and then the cells
were cultured for 3 h in order to induce expression of
the slf gene. After harvesting by centrifugation, the
pellet was washed two times with phosphate buffered
saline. The washed cells were sonicated 10 times for
20 gec at 4°C. After centrifugation, the supernatant
was used as a crude enzyme for eytotoxicity assay in
Vero cells,

Cytotoxicity assays in Vero cells

Vero cells were cultured in the Dulbeccos Modified
Eagle Medium (GIBCO BRL Inc.) containing 5% fetal
bovine serum, 100 ug/ml of gentamyein, and 100 [J/mi
of penicillin, The prepared crude enzyme was added
to freshly seeded Vero cells in T'25 flask. For com-
parison of cytotoxicity for Vero cells, the original
strain, K. colt 0157 KNIH317 cell, was cultured in
the same condition as in the case of . coli XL1-Blue
cells carrying pBluescript SK(+) until optical density

“+— 4 5.kb

+— 307-bp

Fig. 1. Southern hybridization of E. coli 0157 KNIH317
genomic DNA hybridizes with PCR product of sii-related pgene.
3, size marker-BstEII, lane 1; E. colz 0157 KNIH317 genomic
DNA, lane 2; F. coli 0157 KNTH317 genomic DNA digested
with EKpnl; Pstl (lane 3), Sall (lane 4), lane 5; PCR products,
The signal was detected in 4.5-kb genomic DNA of E. coli 0157
KENIIH317 digested with Kpnl.

] Microbiol.

at wavelength of 600 nm was identical for above
strains.

Nucleotide sequencing

Nucleotide sequencing was determined directly from
plagmids by using an Applied Biosystems automated
DNA sequencer. To determine the sequence of the
shiga-like toxin encoding region, DNA was subcloned
into the polycloning site of the pBluescrip SK(+).
Each part of both strands was sequenced. Plasmids
for sequencing were purified by standard procedure
using GFX™ WMicro Plasmid Prep Kit (Amersham
Pharmacia, TUSA).

Sequence analysis

The nucleotide seguence and the deduced amino
acid sequence were analyzed by using the DNASIS/
PROSIS (Hitachi v, 7.0). Multiple alignments were
carried out on a computer using the Clustal X algo-
rithm (25} and manuvally fine-tuned .

Results and Discussion

Isolation of the E. coli 0157 KNIH317 slt gene

We have designed primer set and amplified the pre-
dicted size (307-bp) of partial sif gene from E. coli
G157 KNIHS317 using synthesized primer. Southern
hybridization analyses were used to study the location
of slt gene within the genome of K. coli 0157
KNIH317. From Southern hybridization using the
amplified PCR product as a probe, we have confirmed
that the sit gene is located in 4.5-kb Kpnl fragment
of the chromosome (Fig. 1. Lane 2). Therefore, we

.5 Kb

pOVT45 > Ly

| | T T

13 E Sm POK
pOVT45-1 - =
pOVT4501 > .
pOVT4502 *
pOVT4510 =
pOVT4511 e
pOVT4514 —_—

Fig. 2. Physical and genetic map of the cloned plasmid pOVT45
and its derivatives for DNA sequencing. The suhclones were
constructed by cloning 0.5-kbh Psl (pOVT4501), 4.0-kb Pstl
(pOVT4502), 1.2-kb Smal (pOVT4510), 8.53-kb Smal (pOVT4511),
and 0.7-kb Smal (POVT4514) fragments from pOVT45 or
pOVT4502 into SK(+) vector. The arrows indicate directions of
promoter in vector. Cleavage sites for the enzymes are des-
ignated as follows: K, Kpnl; E, EcoRI; Sm, Smal, B Pstl.
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constructed mini-libraries of the isolate using Kpnl
restriction endonuclease and pBluescript SK(+) vec-
tor as described above. Among the 500 clones of the
mini-libraries, only two clones were identified positive
by colony hybridization using the same probe. The iso-
lated two strains had the same inserted fragment, but
in opposite orientations. The clone which contained
insert in same direction with the lec promoter on the
vector was called pOVT45, and the other clone was
called pOVT45-1.

%GTCCTCGAEGGCGGTCCATTA G
TGCCTTCTGAGCAATCGGTCACT

CTCGCTTTTGLGGGCCTTT
CCAAA?GGAACACCTGTATATG

ITA-subunit M K

CATTATGCGTTGTTAGCTCAG CGG, CAGAG AA
CCATATITAT

ATCCH
TIA TATCTGCGCCGGGT TGGTG
AGE TATA AIIIAAATE

Verotoxin gene from Escherichia cofi O157 KNITI317 171

Verocytotoxicity assay

E. coli 0157 KNIH317, E. coli XL1-Blue (SK+),
E. coli XL1-Blue (pOVT45,) and E. coli XL1-Blue
(pOVT45-1) were studied for the production of vero-
cytotoxins, The E. coli XL1-Blue cells harboring the
recombinant plasmids (pOVT45 or pOVT45-1) had
nearly the same toxicity in Vexro cells (data not shown).
Also, these two clones had nearly the similar toxicity
in Vero cells in comparison to the wild type strain
(E. coli 0157 KNIIH317), and their activity were 10

ikt |

GTA
C

GGGTTTTTCTTCGGTATCCTATTGCCGGGAGTTTACGATAGACTTTTCGACCCAACAAAG 300
3 YSREFTIDFSTOGQAUQ

TTATGTCTCTTCGTTAAATAGTATACGGACAGAGATATCGACCCCTCTTGAACATATATC 360
Yy Vv 5 N I R T & s T L H
TCAGGGGACCACATCGGTGTCTGTTATTAACCACACCCCACCGGGCAGTTATETTGCTGT 420
QGTTS VSV I NHTPPLGLGSY AV
GGATATACGAGGGCTTGATGTCTATCAGGCGCGTTTTGACCATCTTCGTCTGATTATTGA 480
I T RGLDVYQARFDHLELTITIE
GCAAAATAATTTATATGTGGCCGGRTTCRT TAATACGGCAACAAATACTTTCTACCGTIT 540
Q@ NNLYVAGFVYVNTATNTTFYRTE
TCAGATTTTAC G G ACAACGGTTTCCATGACAACGGACAG 600
B R R A e R e S
CAGTTATACCACTCTGCAACGTGTCGCAGCGCTGGAACGTTCCGGAATGCAAATCAGTCG 660
SYTTLQRVAALERGSOGMOQTI SR
TCACTCACTGGTTTCATEATATCTGGCGTTAATGGAGTTCAGTGGTAAT%CAATGACCAG 720
HSLVYSSYLALMETLFSTGN M T R
AGATGCATCCAGAGCARTTCTIGUET LY TETCACT GTCACAGCAGAAGCCTTAQGCTTCAG 780
DASRAVLRPFVYTVYTAEALTRTFER
GCAGATACAGAGAGAAT TTCOTCAGGCACTGTCTCAAMCTGCTCOTOTOTATACGATGAC 840
QI QR EA F % Qﬁ AL S ET AP VY % MoT
GLCGLGARACGTEGACCTCACTCTGAACTGOGGEOGAATCAGCAATGTGCTTCCOGAGTA 900
P G DV DL CT LN¥ GRISNWVLTP g Y
TCGGGLAGAGHATGGTHTCAGARTGLGGAGAATATCCTTTAATAATATATCAGCGATACT 960
RGCEDGVEYVGRISFNNTIGSATIL
GEGACTGTGGCCGTTATACTGAATTGCCATCATCAGGGGECGLGTTCTGTTCGCGOCGT 1020
GG G%C VTGA %T 1 AE ﬁATC HA HQG AR E V R AV
‘GAATGAAGAGAGTCAACCAGAATGTCAGATAACTGGCGACAGG%CTGTTATAAAAATAAA 1080
NEESQPECQITTGDR Vv 1 K I N
CAAT%CAETA%GGEAAéGTAAT%CAECTGCAGCGTTTCTGAACAGAAAGTCAEAGTTTTT 1140
ATATACAACG GTAAATAAAGGAGTTAAGCATGAAGAAGATGTTTATGGCGGTTTTATTT 1200
Y T #B-subunit K ok M F M AV L
C GCTTCTGTTAATGCAATGGCGGCGGATTGIGCTAAAGCTAAAATTGAGTTTTCC 1260
g AETAA TEC VTTN TgC ﬁ g A S C A K6 KIEFS
AAGTATAATGAGGATGACACATTTACAGTGAAGGTTGACGGGAAAGAATACTGGACCAGT 1320
K'YNEDDTUFTUVKVDGEKEYWTS
CGCTGGAATCTCCAALCGTTACTGCAAAGTGCTCAGT TGACAGGAATGACTGTCACAATC 1380
R WNILOQPLLQSAQLTGGMTV T I
AAATCCAGTACCTGTGAATCAGGCTCCGGATTTGCTGAAGTGCAGETTQATQATBACTGA 1440
K 3 T E 5 E

GGCATA%CCTGATTCGTGGTATGTGGGTAACAAGTGTAATCTGTGTCACAATTCAGTCAG 1588
%GACAGTT FACTGAGCAT TTGTTAA%AAAATTTCGCATGE AgCCCCCT
GTGTGRAGGG CGACTGGTGAAAAATCCTTGCTTGTGATTCATTKTCG CAC 1612

Fig. 3. Nucleotide sequence of the s#II gene. The predicted peptide sequences {shiga-like toxin A- and B-subunit) are also shown
in one letter codes beneath the corresponding coedons, and the stop codons are marked with asterisks.
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NIH31 AGTCCTCGATGGOGOTCCATTATCTGCAT TAT GCGTTGTTAGC TCAGCCGGACAGAGCAA 60
§6%865? AGTCOTC- ATGC-—GTCCATTATCTGECATTATGCGTTGT TAGCTCAGCCGGACAGAGCAR 57
* *0%
NIH TTGCCTTETGAGCAATCOETCACTGOTTCGAATCCAGTACAAUGCGCCATATTTATTTAC 120
%ggsgé? TTGCCTTCTGAGCAATCOGTCACTGGTTCGAATCCAGTACAACGCGCCATAT TTATTTAC 117
CAGGETCGCTTTTGCGGGCCTTTTTTATATCIGEGCCGGGTCIGETGCTRATTACTTCAG 180
§g%§%%7 CAGGETCGCTTTTGCGGGCCTTTTTTATATCTGCGCCGGGTCTGBTGCTGATTACTTCAG 177
NTH3L CCAAAAGGAACACCTOTATATGAACTGTATAT TATT TAAATGGGTACTGTGCCTGTTACT 240
?073557 CCAAAAGGAACACCTGTATATGAAGTGTATATTAT TTAAATGGGTACTGTGCCTGTTACT 237
1 START of A-subunit
___________________________ //__777_,_k__.________ﬁg__.,,_“__,_‘____
KNTH3ILT ATATACAACGGGTAAATAAAGGAGT TAAGCATGAAGAAGATGT TTATGGCGGTTITATIT 1200
07865 ATATACAACGGGTAAATAAAGGAGTTAAGCﬁTGAAGAAGATGTTTATGGCGGTTTTATTT 1197
STOP of A-subunit f 1 5TART of B-subunit
___________________________ /',n’___,_.__‘___._..___._.__-....___,,,-—__.___
KNIH3LT AAATCCAGTACCTGTGAATCAGGCTCCGGATTTGCTGAAGTGCAGTTTAATAATGACTGA 1440
{07865 AAATCCAGTACCTGTGAATCAGGCTCCOGATTTGCTGAAGTGCAGTTTAATAATGACTGA 1437
S of B-subunit
(NIH3 GGCAT AACCTGATTCGTGGTATGTCGGTAACAAGTGTAATCTGTGTCACAATTCAGTCAG 1500
§0786%7 GGCATAACCTGAT TCGTGOTATCTGGGTAACAAGTGTAATCTGTGTCACAATTCAGTCAG 1497
KNTHILT TT-GACAGTTGOC TG TCAGACTGAGCATTTGTTAAAAAAATTTCGCATGGTGAATCCCCE 1559
Xb7855 TTTGACASTTGOCTGTCAGACTGAGCATTTGTTAAAAAAATTTCGCATGGTGAATCCCCC 1557
b
KNIH317 TETGTCCAGGGGCGACTGGTGAAAAATCCTTOCTTGTGATTCATTATCGACAC 1612
X07865 TGTGT - --GGGGCGACTGGTGAAAMATCCTTGCTTGTGATTCAT TATCGACAL 1807

Aqesteok

T. Microbiol.

Fig. 4. Alignment of nucleotide sequence af the 541 gene from the E. ooli D157 KNIH317 and E. coli bacteriphage 9333W (GenBank
accession No. X07865). The asterisks indicate the different nucleotide between E. coli 0167 KNIH317 and E. coli bacteriphage
933W. The arrows wndicate the start and stop sites of the A- and B-subunit of shiga-like toxin II. The same nucleotide sequences

are omitted.

times higher than that of negative control, E. coli
XL1-Blue (SK+). From these results, it was concluded
that the expression of inserted sif gene was not
induced by IPTG. Therefore, the inserted fragment
should have it own promoter for expression of the
st gene,

Nucleotide sequence and analysis of the sifl1
gene

In order to determine the sequence of the cloned slt
region, subclones were constructed by cloning 0.5-kb
Psi1 (pOVT4501) 4.0-kb PstT (pOVT4502), 1.2-kb Smal
(pOVT4510), 3.3-kb Smal (pOVT4511) and 0.7-kb Smal
(pOVT4514) fragments from pOVT45 or pOVT4502
into SK(+) vector. The constructed recombinant plag-
mids are shown in Fig. 2. The complete nucleotide and
deduced amino acid sequence of the 1.6-kb were deter-
mined (Fig. 3), Two open reading frames (ORFs) cor-
responding to the genes (slfA and sltB) encoding
the A~ and B-subunits were Jecated from nucleotides
200-1159 and 1171-1140, respectively, within this frag-
ment. The calculated molecular weight of the A- and

B- subunit of the Sit polypeptide, based on the dedu-
ced sequence of 319 and 89 amino acids, were 35,713
and 9,874 daltons, respectively.

According to analysis by Blast E-mail server (2), the
sit gene of E. coli 0157 KNTH317 is highly related
to the sit]l gene of E. coli bacteriophage 933W (Gen-
Bank acecession No. X07865), the variant slt gene of
E. coli (GenBank accegsion No. L11079), the slt gene
of E. coli {GenBank accession No. L11078), and the
variant slf1l gene of E. coli {GenBank accession No.
X65949) have 100%, 98.4%, 93.7%, and 93.7% iden-
tities, respectively. Comparison of the nucleotide and
predicted amino acid sequences of the si# gene from
E. coli 0157 KNIH317 with those of others in the
sitI] family revealed complete identical homology with
slfIl cloned from E. coli bacteriophage 933W. From
this result, it can he concluded that the cloned sit
gene belongs to s£11 family and that the strain used in
this study may be lysogeny of E. coli bacteriophage
933W. However, compared with the up-stream and
downstream of the sifIl gene [rom the E. coli 0157
KNIHS317 and E. cofli bacterlophage 933W, the cloned
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sl gene differ to three and four sites, respectively (Fig.
4). From this result, we concluded that clonal turn-
over may occur during the lysogenic cycle or transfer
to each other’s host cells,

In this study, for construction of E. coli 0157 vac-
cine against diarrhea, haemorrhagic colitis and HUS,
we cloned slI1 gene of E. coli 0157 KNIH317 isolat-
ed in Korea, Now, we are aftempting overexpression
of B-subunit of SItIL for production of antigenicity
region against E. coli O157,
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