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S ummary. Most strains of enterohemorrhagic Escheri-
chia coli (EHEC) belonging to serotypes 0157, 026,
0111, and O128, isolated from humans in Japan also
produced EHEC-hemolysin (EHEC-hly), the hemolytic
activity of whom wasdetected on blood agar containing
washed but not unwashed sheep erythrocytes. Of those,
Shiga toxin 1 (Stxl)- and Stx2-producing strains be-
longing to serotypes 0128:H2 and 0128:H12 produced
EHEC-hly in much greater quantities than did the
other strains. The two strains carried the EHEC-hly
genes on the 120-kbp plasmid. The entire EHEC-hly
region (carrying genes C, A, B, and D) of the serotype
0128:H12 strain was cloned into pACYC184 and sequen-
ced. The EHEC O128-hly genes showed a close similarity
to the the EHEC 0157-hly genes of more than 98.3% at
the nucleotide level (more than 97.7% at the amino acid
level). However, the EHEC O128-hlyB (the ATP-
binding transmembrane protein acting as a transporter
for hemolysin [hlyA]) lacked one amino terminal meth-
ionine, in contrast to the repeated amino terminal
methionines in the EHEC 0157-hlyB. The 0128- and
0157-hlyAs shared similar RTX repeats and acylation
sites.
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INTRODUCTION

Enterohemorrhagic Escherichia coli (EHEC) (alterna-
tively called Shiga toxin (Stx)-producing E. coli,
STEC) of serotype 0157:H7 was identified as an
important food-borne bacterial pathogen in the
United States in 1982". EHEC belonging to serotype
O157:H7 is associated with hemolytic uremic syn-
drome (HUS) and is now recognized as one of the
important causes of emerging infectious diseases2'3'.
EHEC includes not only serotype O157:H7 (the most
prevalent serotype), but other serotypes including
O26, Olll, 0145, and 0128 have also been implicated
in human infections2'. In Japan, during 1996, large
outbreaks of EHEC (0157:H7) infections occurred
with more than 17,877 people infected (mostly pri-
mary school children), more than 1,795 patients
hospitalized, and 12 fatalities4'.

EHEC belonging to serotype O157: H7 carries a ca.
90-kbp plasmid (p0157) that encodes for hemolysin5-8'.
This hemolysin, called EHEC-hemolysin (EHEC-hly)
or enterohemolysin, has a unique hemolytic manner
in that hemolysis is observed on blood agar contain-
ing washed but not unwashed sheep erythrocytes9', in
sharp contrast to a-hemolysin, which is detected even
on blood agar containing unwashed sheep eryth-
rocytes. EHEC-hly and a-hemolysin are genetically
and immunologically distinct hemolysins. <*-hemolysin
is produced from approximately 50% of E. coli iso-
lates from extraintestinal infections10' or from por-
cine STEC strains9'. EHEC-hly appears to have clini-
cal importance, because it occurs in most EHEC
isolates belonging to serotype 0157:H79) and is
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-h e m oly sin a r e m e m b e r s of th e

R T X f a m il y ,
a s s o ci a t e d w it h t h e A T P -d e p e n d e n t

hly B /h ly D/ t oIC s e c r e ti o n s y s t e m th r o u g h w hi ch

h e m oly si n (hly A ) i s s e c r et e d a c r o s s t h e b a ct e ri al

m e m b r a n e s
2 1 )

. I n t his s e c r e ti o n s y st e m ( a s s h o w n i n

F ig . 6) ,
it is c o n sid e r ed t h at t h e t r a n s m e m b r a n e

d o m ai n of h ly B c o n s tit u t e s a p o c k e t w hi c h bi n d s w it h

hly A (th e si g n a l s e q u e n c e at th e c a r b o x y t e r m in u s of

hly A) ,
a n d t h e A T P - bi n di n g d o m ai n (l o c at e d a t t h e

c y t o p l a s m sid e) o f h ly B g e n e r a t e s e n e r g y f o r t h e

t r a n s p o r t
2 1)

･

E H E C b el o n gi n g t o s e r o t y p e 0 1 57 : H 7 d o e s n o t

eff e c ti v ely s e c r e t e E H E C -h ly i n t h e c ult u r e s u p e r -

n a t a n t; h o w e v e r
,

w h e n t h e h ly B a n d hly D g e n e s of

th e α
-h e m oly s l n O p e r O n a r e S u p p lie d ,

th e E H E C



b e c o m e s a ble t o s e c r et e h e m ol y tic a cti vit y
5)

. T h e r e is
a p o s sibilit y t h a t th e a m i n o t e r m i n al s e q u e n c e o f th e 5)
E H E C O 1 5 7 1 hly B p o s s e s s i n g t w o r e p e at e d m e t h -

i o nin e r e sid u e s
,
f o u n d o n ly i n t h e s e r o t y p e o 15 7 : H 7

st r ai n s
,
i n t e rf e r e s w it h t h e t r a n s p o r t a ti o n of hl y A .

I n t h e c a s e of α
- h e m ol y si n

,
it is p r o p o s e d t h a t t h e

hly A g e n e p r o d u ct ( p r o -hl y A ) is a cti v a t e d th r o u g h
a c y l ati o n a t t h e t w o ly s in e r e sid u e s (L y s -56 4 a n d
L y s -69 0

,
w ith a n i n t e r n al s p a n of 25 a mi n o a cid s) b y

t h e f u n cti o n of hl y C
2 2)

･ I n t hi s st u d y ,
t h e c o r r e s p o n d -

i n g t w o a c y l ati o n sit e s ( A a n d B) w e r e a s si g n ed w it h
E H E じhl y A (L y s -5 5 0 a n d L y s ･67 5

,
w it h a n i n t e r n al

s p a n of 2 4 a m i n o a ci d s) .

6)

7)

T h e p r e cis e r ole of E H E C - hュy in p a t h o g e n e sis of
E H E C i n f e c ti o n s is still n o t k n o w n ･ H o w e v e r

,
a c c u -

8)

m ul a ti o n of k n o w le d g e i n di c a t e s t h a t E = E C -hl y
s e e m s t o b e a s s o ci a t ed w it h s e v e r e cli ni c al dis e a s e i n

h u m a n s ･ E H E C - hly l y s e s e r y t h r o c y t e s r e s u lt ed i n

r el e a s e of h e m e a n d h e m o g l o bi n
,

w hi c h s e r v e a s a

s o u r c e of i r o n a n d s ti m u l a t e th e g r o w t h of E H E C 2 3 )
.

I n t h e c a s e of E H E C b el o n g l n g t O S e r Ot y p e 0 1 1 1 : H -

,

E H E C -hl y
'

p h e n ot y p e w a s o b s e r v e d in 8 8 0
/. of st r ai n s

f r o m p a ti e n t s w it h H U S b u t o n ly i n 22 .2 % of st r ai n s

fr o m p a ti e n t s w it h di a r rh e a
,
i n di c a ti n g th a t t h e p r e s -

e n c e of E H E C -hl y in c r e a s e s t h e a bilit y o f E H E C 0 1 1 1
t o c a u s e e x t r ai n t e sti n al c o m pli c a ti o n s i n h u m a n s

1 7)
.

H e m o l y si n G e n e s of E H E C S e r o t y p e O 12 8 1 7

1 9 9 7 .

S c h m id t H
,
B e u ti n L

,
K a r c h 班 : M o l e c u l a r a n al y si s

o f t h e pl a s mi d -

e n c o d e d h e m o l y si n o f E s ch e ri c hi a c o lt
0 1 5 7 : H 7 s t r a i n E D L 9 3 3 1 I njTe c t I m m u n 6 3 : 1 0 5 5-
1 0 6 1

,
1 9 9 5 .

S c h mi d t H
,
K e r n b a c h C

,
K a r c h H : A n al y si s o f th e

E H E C h ly o p e r o n a n d it s l o c a ti o n i n th e ph y si c a l
m a p o f t h e l a r g e pl a s m i d o f e n t e r o h a e m o r r h a g i c

E s c h e ri ch i a c olt 0 1 5 7 : H 7 ･ M i c r o bi o l o g y 1 4 2 : 9 0 7- 9 1 4
,

1 9 9 6 .

B u rl a n d V
, S h a o Y

,
P e r n a N T

,
P l u n k e tt G

,
S o 丘a 即

,

B l a tt n e r F R : T h e c o m pl e t e D N A s e q u e n c e a n d
a n a l y si s o f t h e l a r g e vi r u l e n c e p l a s mi d o f E s c h e ri-
c h i a c o lt 0 1 5 7 : H 7 ･ N u cl ez

･

c A ci d R e s 2 6 : 4 1 9 6- 4 2 0 4
,

1 9 9 8 .

M a k i n o K
,
I s h ii K

,
Y a s u n a g a T

,
H a t t o ri M

,
Y o-

k o y a m a K
,

Y u t s u d o C H
･

K u b o t a Y
,
Y a m ai c h i Y

,

Ii d a T
,
Y a m a m o t o K

,
H o n d a T

,
H a m C-G ,

O h t s u b o

E
,
K a s a m a t s u M

･
H a y a s h i T

,
K u b a r a S

,
S hi n a g a w a

H : C o m p l e t e n u cl e o tid e s e q u e n c e s o f 9 3 - k b a n d
3 ･31 k b pl a s mi d s o f a n e n t e r o h e m o r r h a gi c E s c h e ,i c h i a

c o lt 0 1 5 7 : H 7 d e ri v e d f r o m S a k a i O u tb r e a k . D N A
R e s 5 : 1- 9

,
1 9 9 8 .

9) B e u ti n L
, M o n t e n e g r o M A

, 4 r s k o v I
, i r s k o v F

,

P r a d a ∫,
Z i m m e r m a n n s

,
s t e p h a n R : C l o s e a s s o ci a

_

ti o n o f V e r o t o x i n (S h i g a-li k e t o x i n) p r o d u c ti o n w it h
e n t e r o h e m o l y si n p r o d u c ti o n in s t r ai n s o f E s c h e ri c h i a

c o li ･ I C li n M i c r o b i o 1 2 7 : 2 5 5 9- 2 5 6 4
,
1 9 8 9 .

C a v a li e ri S J , B o h a c h G A
,
S n yd e r I S : E s c h e ,i c h i a c o lt

α-h e m o l y si n : c h a r a c t e ri s ti c s a n d p r o b a bl e r o l e i n

p a th o g e n i c it y ･ M i c 7 V bi o I R e v 4 8 : 3 2 6- 3 4 3
,
1 9 8 4 .

Y a m a m o t o T
,
K o y a m a Y

,
M a t s u m o t o M

,
S o n o d a E

,

N a k a y a m a S
,

U c h i m u r a M
,

P a v e e n k ittip o r n W
,

T a m u r a K
･

Y o k o t a T
,

E c h e v e r ri a P : L o c a li z e d
,

a g g r e g a ti v e
,

a n d d i ff u s e a d h e r e n c e t o H e L a c ell s
,

p l a s ti c
･

a n d h u m a n s m a ll i n t e sti n e s b y E s ch e ri c h l

･

a

c o lt i s ''1 a t e d f r o m p a ti e n t s wi t h d i a r rh e a . I I n f e ct
D i s 1 6 6 : 1 2 9 5- 1 3 1 0

,
1 9 9 2 .

A ntib o di e s t o E H E C - hly h a v e b e e n d e t e ct e d i n s e r a of
1 0)

p a tie n t s w it h H U S 5)
･ If E H E C - hュy a c t s a s a c o n t rib u -

t o r t o t h e d e v el o p m e n t of H U S
,
t o x oid of E H E C -h ly ,

i n a d diti o n t o S h ig a t o x oid
,
s h o u ld al s o b e d e v el o p e d

b y g e n e t i c e n g i n e e r i n g ( e . g ”
sit e - d i r e c t e d

m u t a g e n e sis) t o p r e v e n t t h e di s e a s e .

A c k n o w l e d g m e n t s ･ T h i s s t u d y w a s s u p p o rt e d b y a

g r a n t -i n - a id f o r s c i e n ti丘c r e s e a r c h ( B) f r o m th e M i n i st r y
o f E d u c a ti o n

,
S c i e n c e

,
S p o rt s a n d C u l t u r e .

R E F E R I∃N C I∃S

1) R il e y L W
,

R e mi s R S
,

H e l g e r s o n S D
,

M c G e e fi B
,

W ell s J G ･
D a vi s B R

,
H e b e rt R J ,

0 1 c o tt E S
, J o h n s o n

L M
･
H a r g r e tt N T

,
B l a k e P A

,
C o h e n M L : H e m o r r

_

h a gi c c o liti s a s s o c i a t e d w i th a r a r e E
･ c o lt s e r o t y p e .

N e w E n g l I M e d 3 0 8 : 6 8 1- 6 8 5
,
1 9 8 3 .

2) P i c k e ri n g L K
･
O b ri g T G

,
S t a pl e t o n F B : H e m o l yti c -

u r e m i c s y n d r o m e a n d e n t e r o h e m o r r h a gi c E s c h e ri-
c h i a c oli ･ P e d i a t r I nf e c t D i s I 1 3 : 4 5 9- 4 7 5

,
1 9 9 4 .

3) A m e ri c a n g a s t r o e n t e r o l o gi c a l a s s o ci a ti o n : C ｡ n s e n_
s u s c o n f e r e n c e s t a t e m e n t : E s c h e ri c h i a c o lt 0 1 5 7 : H 7
i n f e c ti o n s

-

a n e m e r gi n g n a ti o n a l h e a lt h c ri si s
, J u l y

l l- 1 3
,
1 9 9 4 ･ G a st r o e n t e r ol o g y 1 0 8 : 1 9 2 31 1 9 3 4

,
1 9 9 5 .

4) F o o d S a n it a ti o n D i vi si o n E n vi r o n m e n t a l H e a lth

B u r e a u M i n i s t r y o f H e a lt h a n d W e lf a r e : R e p o r t o n

e n t e r o h e m o r r h a gi c E s c h e ri c h i a c olt 0 1 5 7 i n f e c ti o n s
,

l l)

1 2 ) Le n n o x E S : T r a n s d u c ti o n o f li n k e d g e n e ti c c h a , a c
_

t e r s o f th e h o s t b y b a c t e ri o p h a g e P l ･ V l

･

r ol o gy 1 :

1 9 0- 2 0 6
,
1 9 5 5 .

1 3) K a d o C I
,
L i u S T : R a pi d p r o c e d u r e f o r d e t e c ti o n a n d

i s o l a ti o n o f l a r g e a n d s m a ll pl a s m i d s . I B a c te ,i o 1

1 4 5 : 1 3 6 5- 1 3 7 3
,
1 9 8 1 .

1 4 ) W o m bl e D D
,
R o w n d R H : G e n e ti c a n d p h y si c al m a p

o f pl a s m id N R l : c o m p a ri s o n w ith o t h e r l n c F II a n ti -

b i o ti c r e si s t a n c e pl a s mi d s ･ M i c r o bi o I R e v 5 2 : 4 3 3-
4 5 1

,
1 9 8 8 .

1 5) Y a m a m o t o T
,
E c h e v e r ri a P : D e t e c ti o n o f t h e e n t e r

_

o a g g r e g a ti v e E s c h e ri c h i a c o lt h e a t -

st a bl e e n t e r . t . x _

i n 1 g e n e s e q u e n c e s i n e n t e r o t o x i g e n i c E . c o lt st r a i n s

p a t h o g e n i c f o r h u m a n s I I n jTe ct I m m u n 6 4 : 1 4 4 ト1 4 4 5
,

1 9 9 6 .

1 6) Y a m a m o t o T
,

W a k i s a k a N
,

N a k a e T : A n o v e l

c r y o h e m a g g l u ti n i n a s s o c i a t e d w it h a d h e r e n c e o f
e n t e r o a g g r e g a ti v e E s c h e ri c h i a c o lt . I n f e ct I m m u n 6 5 :

3 4 7 8- 3 4 8 4
,
1 9 9 7 .

1 7) S c h m i d t H
,
K a r c h H ‥ E n t e r o h e m o l yti c p h e n o t y p e s

a n d g e n o t yp e s o f S hi g a t o x i n
-

p r o d u c i n g E s c h e ri c h i a
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c o li O 1 1 1 st r ai n s f r o m p a ti e n t s wi t h di a r r h e a a n d

h e m ol yti c
- u r e m i c s y n d r o m e ･ I Clin M i c r o bi o 1 3 4 :

2 3 6 4- 2 3 6 7
,
1 9 9 6 .

1 8) F e l m l e e T
,

P e ll e tt S
,

W el c h R A ‥ N u c l e o tid e

s e q u e n c e o f a n E s c h e ri ch i a c olt c h r o m o s o m a l

h e m ol y si n . I B a ct e ri o1 1 6 3 : 9 41 1 0 5
,
1 9 8 5 ･

1 9) P ell e tt S
,

W e l c h R A : E s c h e ri c hi a c o lt h e m o l y si n

m u t a n t s w it h al t e r e d t a r g e t c e ll s p e ci fi cit y ･ I n f e ct

l m m u n 6 4 : 3 0 8 1- 3 0 8 7
,
1 9 9 6 .

2 0) S t a n l e y P
,

P a c k m a n L C
･
K o r o n a k i s V

,
H u gh e s C :

F a tt y a c yl a ti o n o f t w o i n t e r n a l l y s l n e r e si d u e s

r e q u i r e d f o r t h e t o x i c a c ti v i t y o f E s c h e ri c h i a c olt

h e m ol y si n ･ S ci e n c e 2 6 6 : 1 9 9 21 1 9 9 6
,
1 9 9 4 ･

2 1) S h e p s J A
,
C h e u n g I

,
L i n g V : H e m o l y si n t r a n s p o r t i n

E s ch e ri c h i a c o lt . P o i n t m u t a n t s i n H ly B c o m p e n s a t e

f o r a d e l e ti o n i n t h e p r e di c t e d a m p hi p h ili c h eli x

r e gi o n o f t h e H l y A si g n a l ･ I B i o I C h e m 2 7 0 ‥ 1 4 8 2 9-

1 4 8 3 4
,
1 9 9 5 .

2 2) L u d w i g A
,
G a r c i a F

,
B a u e r S

, J a r c h a u T
,
B e n z R

,

H o p p e ∫,
G o e b el W ‥ A n a l y si s o f t h e i n v i v o a c ti v a-

ti . n o f h e m ol y si n ( H l y A) f r o m E s c h e ri c h i a c oli ･ I

B a ct e ri o 1 1 7 8 : 5 4 2 21 5 4 3 0 ,
1 9 9 6 .

2 3) L a w D
,
K e ll y J ‥ U s e o f h e m e a n d h e m o gl o b i n b y

E s c h e ri c h i a c o lt 0 1 5 7 a n d o th e r S hi g a
-li k e

-t o x i n
-

p r o d u ci n g E . c olt s e r o g r o u p s ･ I nf e ct I m m u n 6 3 : 7 0 0-

7 0 2
,
1 9 9 5 .




