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Abstract : This study was designed to determine optimal condition for expression of cloned
Shigatoxin2e(Stx2e) gene from transformed E.coli PED18, to compare the cytotoxicity titer between cloned
Stx2e and Stx2e from original strain, and to confirm of receptor binding affinity of Stx2e for use of
development of receptor binding ELISA to detect of Stx2e. The optimum composition of medium for
expression of Stx2e gene in E.coli host-vector system was definded as the medium containing 0.5% glucose
and 0.5 mM IPTG. The cytotoxicity titer of expressed Stx2e for Vero cell was 1000 fold higher than that
of Stx2e from original strain AY93258. The binding affinity of Stx2e to receptor globotetraosyl
ceramide(Gb4) was confirmed by immunobloting.
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B �

"æ~ ¦«÷f Shigatoxin 2e(Stx2e)¢ �Ö~º

Escherichia coliö ~~� FB>� "º .Ó;f

O138:K81, O139:K82, O141:K85b� rJ^ ®
 [8, 10,

22].

Stx2e~ F*¶º bacteriophageöB F¾~º Stx1 5

Stx2fº �Ò "ïÚ DNAö �Ò~º ©b� rJ^

� ¢^f 2000j ãçÎê �«�� Öëz ��j(20000483)ö ~~� >¯>îr.
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®
 [9, 12, 23]. Weinstein � [23]" Gyles � [12]� ¦

«÷ 6""æöB ªÒ� &Ë�b�¦V F*¶¢ �

��~� Stx2e F*¶~ "VB�j ��~&b�, �

" Franke � [5]� �;� "æöB ªÒ� O-101 �"

� ¦V Stx2e varient genej ��� : ®
.

�ÚöBê f � [3]� ªÒ"� AY93258�~ Stx2e

F*¶ö &� "VB�j ��� : ®b�, Weinstein

� [23]~ Ö"f jv~� A subunit~ �Ö" j��

Ö~ ÿîWf '' 100%� ¾æÒ�, B subunitöB �

Ö" j��Ö~ ÿîWf '' 99.6%, 98.8% &
.

Weinstein � [23]" Gyles �[12]~ �"f f � [3]~

�"öB Stx B subunit~ j��Ö �W~ N�º 8®

� j��Ö� isoleucine� threonineb� ~~B ©b�

C&rb�, ��� Ö"º êz";öB Ò���¾ �

"V~ ~~ö V�� ©b� ��~&
 [12].

ÿb~ ^�ï Wª~ ¢«� glycosphingolipid(GSL)

7öB globotriosyl ceramide(Gb3)f globotetraosyl

ceramide(Gb4)º Stx¢ j�� ë²f ¢¦ �ÚWª~

^�>ÏÚ� ·Ï�
 [6]. Stx1" Stx2º Gal.α 1-4 Gal

disacchride Wª~ «öV¢ &æº Gb3" ß�'b�

Ö�~� [14], Stx2eº Gb3 ö�ö N-acetylglucosamine

� ¦&B Gb4f �zW� ̧ f ©b� rJ^ ®
 [13,

15, 21]. 

Stxº ^�ëW� ;~� ªçÒòöB �ï~ ë²

¢ �³~² ¦Â� > ®º O»� jº~
. Basta �

[5]f lyso-Gb3¢ >ÏÚ� ~� �ï~ Stx1j ¦Â~

V *� receptor-binding ELISA(RELISA)»j, f"

Lingwood � [2]f liposome Gb3j �Ï~� Stx2 ¦Â

j *� RELISA »j B�~&
.

� 
þöBº ¦«÷~ �³ê� 5 .O&kö &

� O»j {ã~V *~� �ÚöB ªÒ� &Ë�ö

B cloning� Stx2e F*¶¢ ;î*~~� B* �'�

�j �«~�, �ÖB Stx2e~ Gb4ö &� �zWj {

�~� �ï~ ë²¢ ¦Â~V *� RELISA»j BB

~º � �Ï~�¶ ~&
. 

Òò 5 O»

Ò�� 2¢Ê�� Q&%��~ ;î*~ 5 {�

¦«÷ 6" "æöB ªÒ� &Ë� AY93258(O139)

~ Stx2e F*¶¢ f � [3]� PCR� Ã�~� pUC18

ö cloning� Ò�� 2¢Ê�� pED18j B*�ÊV

*~� DH5αF'IQ cellö ;î*~(PED18) ~&
. ;

î*~� PED18j 0.1M isopropyl thiogalactoside(IPTG)

100µlf X-gal (20 mg/ml ) 20µl¢ êö� Amp-LB agar

(1% bacto-tryptone, 0.5% yeast extract, 1% NaCl,

ampicilline 100µg/ml , 1.5% agar) plateö êö~� 37oC

öB ~!J V·~&
. Zï~ colony¢ FB~�

Amp-LB brothö V·� ê alkaline-lysis~ O»b�

plasmid¢ ªÒ~� B�Î² BamH I" Hind III

(Promega)� .�~� Stx2e F*¶~ �ÒFZ¢ {�

~&
.

B* 2¢Ê�� Q&%��~ �' B*��

;î*~� PED18�¦V Stx2e F*¶~ �' B

*��j Fê~V *~� Amp-LB broth(100µg/ml

AmpicillinÎ&)ö glucose¢ 0-1.2%ræ ' ³êê� Î

&� Væö, Amp-LB brothö 37oC 18�* V·�

PED18 ��j ' Væö 1% ÏïO 7«~� 37oCö

B êûV·~&
. �~ ³ê& 660 nmöB �7ê&

£ 0.7� >îj r lac promotor~ Fêbî� IPTG¢,

�« ³ê& '' 0-4 mM ræ �F>² Î&~� Amp-

LB brothöB 37oC, 3�* V·� ê ö� ªÒ~� �

j >÷~&
.

B* �Wî~ ^�ëW¦Ò

Gentryf Dalrymple~ O» [11]j &Ï~� 
�~&


. ¯ 1.4Ü104 vero cellj 96 well microplateö ' well

� 100µlO ª"~� 37oC, 5% CO2 ª{öB V·�

ê ^� V·Væ� 10V ê� �C� toxinj 100µl O

Î&~� 37oC, 5% CO2 ª{ ~öB 3¢* V·~�B


¢ cytopathic effects¢ *�ãb� &V~&b�, V

· 3¢ ê ^�¢ 50% Ò��Êº(CD50) �ò~ &Ë

¸f �CV>¢ end point� ~� Stx2e �W~ ;ê¢

Ö;~&
. CD50~ 6;»f Mary � [17]~ O»ö V

¢ V·� plate¢ ��Ê#² êû~� Ò�� ^�

f V·�j B�~�, 2% formalinj Î&� 0.067 M

phosphate buffered saline (2% formaline-PBS, pH 7.2)b

� 1ª* �;�Î ê, 0.13% crystal violet (5% ethanol

- 2% formalin-PBS)b� 20ª* "ï~&
. "ï� ^

�¢ 
NöB ���Î ê, 50% ethanol 200µlj ÒÏ

~� ÏÂ�Ê�, ÏÂ� 100µl¢ 0.9 ml~ PBS� �C

~� 595 nmöB �7ê¢ G;~&b�, ë²¢ Î&

~æ pf &��~ �7êf &j~� CD50j ;~&
.

4UY�F~ ºÂ 5 ;B

(1) Stx2e~ ºÂ

� 
þöB rJê pED18~ B* �'��ö V¢

;î*~� PED18j glucose& 0.5% �F>² Î&�

1LÜ3~ Amp-LB brothö 7« V·~� �~ �G�

660 nmöB �7ê& 0.7� F rræ V·~&
. Lac

pomotor � IPTG¢ Væ~ 0.5 mM >&b� Î&~�
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3-4�* V· ê �*�Ê� �j >÷~&
. �*B

�Úº 200 ml~ PBS Ï�j &~� *ç�Ê�,

proteinase inhibitor� ·Ï~º phenylmethyl sulfonyl

fluoride(PMSF)f polymyxin B sulfate¢ Î&� ê,

ultrasonicator(Sonic and Materials)öB 100 Wö 3ª* 2

ê~&
. 4oCöB 9,000Üg� ^� º�bj ö� ªÒ

~� �*�Î ê, ë²¢ �F� ç[�ö 30% 5 70%

~ �ÖzÎªj Nf� &~� 4oCöB 1,000Üg� ö

�ªÒ~� ë²¢ �* ²>~&
. ²>� ë² pellet

ö 15 ml~ �Ö jÏ�j &~� Ï�~� 10,000 MW

cut off dialysis tube(Millipore)ö IÚ 4L �Ö jÏ�b

� RC~&
.

(2) Stx2e~ ;B

Macreodf Gyles [15]~ O»ö V¢ 2«~~ column

j ÒÏ~� ;B~&
. 

� Anion-exchange (A-E) column chromatography

DEAE separose CL-6B(Pharmacia) 50 ml� Ïê�

columnj 0.1M Tris-HCl(pH 6.5)� ï;z�Î 
r �

Ö jÏ�b� RC� crudeë²¢ loading~�, 0-0.6M

~ NaCl ³ê�V� ÏÂ�Ê�B 3 ml O~ ª³j

�~&b�, ''~ ª³ö &� ^�ëWj ¦Ò~�

104CD50/ml �ç~ ëWj ¾æÚº ª³j >÷~� R

C~� Amicon filter� ³»~&
.

� Chromatofocussing (CF)

Polybuffer exchange 94(Pharmacia) 57 mlj Ïê�

columnj 0.025M histidine-HCl jÏ�(pH 6.2)b� ï

;z�Î 
r A-E columnöB >÷ ³»� �ò¢

loading~� pH 6.0-4.0ræ pH ³ê�V� ÏÂ�Ê�

B 3 ml O~ ª³j �~&
. ' ª³ö &� ^�ë

Wj ¦Ò~� 104CD50/ml �ç~ ^�ëWj ¾æÚº

ª³j >÷~� RC� 
r Amicon filter� ³»~�

�Wîj ;ï(BCA protein assay kit, Pierce) ~&
.

� SDS-PAGE

' ;B �ê~ ë²ö sample buffer (0.125M Tris-

HCl (pH 6.8), 4% SDS, 20% glycerol, 10% 2-

mercaptoethanol)¢ ÿïb� &~� 100oCöB 3ª* y

� ê 1ª* ârö ��~�B *V'ÿ Òò� ÒÏ

~&
. SDS-PAGEº 12.5% polyacrylamide gel plate '

wellö 20µl (10µg of protein/20µl ) samplej I�

20 mAöB 2�* *V'ÿ� 
r 0.1% coomassie

brilliant blue� "ï~� îï� ê molecular markerf

jv~� ª¶ïj º;~&
.

4UY�Fö &� �ë² �Ö

Macreodf Gyles � [15]~ O»ö V¢ ;î*~ �

PED18j V· ÷�~� 2ê~�, polymyxin B sulfate

¢ &~� crude toxinj ºÂ~&
. Crude toxinö 0.11%

glutaraldehyde¢ &~� ò� æWë²(mg/1 ml PBS)ö

ÿï~ freund complete adjuvant(Difco)¢ &~� Fz~

&
. b�� 1 mlj 3Bú_~ New Zealand white rabbit

~ V¦ö bÚ 7«� ê, 2" *Ïb� adjuvant¢ Î

&~æ pf æWë² 1 mlj ;�"Ò~� º&��

�V
. 4®� º&��j 7«~� 2" êö j.,

.Ój ªÒ~� ELISA»b� .Ó~ �&¢ ¦;~

&
.

4UY�F~ ^� >ÏÚö &� �zW {�

(1) Immunoblotting

Boydf Lingwood � [6]~ O»ö V¢ "æ~ ËV

öB B> ªÒ� Gb4¢ TLC plateö *B~� 1%

gelatin Ï�j &~� 37oC V·VöB ~!J ;~~

�B blocking~&
. TLC plate¢ Ã~>� ^¿~� ;

B� ë²¢ &~� 60ª* êû V·~� PBS� ^¿

� 
r 1:1000 �C�~ polyclonal antitoxinj &~�

60ª* êû V·~&
. TLC plate¢ PBS� ^¿� ê

1:2000 �C�~ peroxidase-conjuated goat anti-rabbit IgG

(Sigma)¢ &~� 90ª* oval shaker¢ ÒÏ~� >w

�V
. TLC plate¢ PBS� ̂ ¿� ê 4-chloro-1-naphtol

(3 mg/ml in methanol)Ï�" 30% H2O2 Ï�j &~�

15ª* >w�Î 
r 0.2M H2SO4� >wj ;æ�Ê

� plate¢ ���B receporf toxin"~ >wFZ¢ 6

ë~&
.

Ö "

Ò�� 2¢Ê�� Q&%��~ ;î*~ 5 {�

ªÒ�~ Stx2e F*¶¢ cloning� Ò�� 2¢Ê�

� pED18j B*�ÊV *~� &Ë� DH5αF'IQ cell

ö ;î*~ ~&
. ;î*~� PED18j V·~� 2

¢Ê��¢ ªÒ� 
r, B�Î² BamH I" Hind III�

.�~� Stx2e F*¶¢ {�� Ö" Fig. 1öB �º

:f ?� 1.4 kb~ Stx2e F*¶f 2.7 kb~ pUC18

vector¢ {�� > ®î
.

;î*~B 4UY�F HFOF~ �' B*��

Stx2e~ F*¶ö &� B* plasmid� pED18j ÎN

'b� B*�ÊV *~� Væ ��j ¦Æ� Ö"º

Fig. 2f ?
. ;î*~� PED18j lac promotor~ Û

Bbî� �ê�" B* Fêbî� IPTG¢ '' 0.5%
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5 0.5 mM~ ³ê� Î&� LB Væö V·~&j r

&Ë ¸f ^�ëW(106CD50/ml)j ¾æÚî
.

ªÒ�" Ò�� �"~ ^�ëWjv

ªÒ� AY93258"f Ò�� �"� PED18�¦V B

*B Stx2e~ ^�ëWj jv� Ö"º Fig. 3" ?
.

ªÒ� AY93258f LB brothö, Ò�� �"º �öB

BF� �'Væ ��ö V·~&j r, ªÒ�~ �W

ë²º 103CD50/mlj, Ò�� �"öB �Ö� ë²º

106CD50/mlj ¾æÚÚ Ò�� �" PED18öB �Ö�

ë²& ªÒ�� AY93258öB �Ö� ë² �
 1000

V z ¸f ^�ëWj �&
.

4UY�F~ ºÂ 5 ;B

Crude toxinj A-E 5 CF columnj Û~� �êê�

;B� ©j SDS-PAGEö *B~� "ï� Ö" Fig. 4

öB �º :f ?
. Crude toxinöBº £ 7.7 - 175 kD

ræ~ 
·� �Wî ª³� ¦Â>î�, A-E column

j Û~� ;B� ©f ë² �W ��~ ¢¦ ª³�

¦Â>Ú ç�® ;B>îrj r > ®î
. CF column

~ ;B ÖböBº toxin~ A subunit(32 kD) 5 B

subunit(7.7 kD)¢ ¢¦ ;B� > ®î
.

4UY�Fö &� �ë²~ �Ö

;î*~� PED18�¦V ¢¦ ;B� ë²¢ 3Bú

_~ New Zealand white rabbitö 7«~� 2" *Ïb

Fig. 1. Agarose gel(1.0%) electrophoresis patterns of cloned
Stx2e gene in transformed pED18.
[Marker : 1 kb plus ladder (Gibco BRL), Lane 1 : pED18
digested BamHI, Lane 2 : pED18 digested BamHI and
HindIII].

Fig. 2. Comparison of optimal condition of basal medium
(LB broth) for expression of Stx2e gene from transformed
E. coli.

Fig. 3. Comparison of cytotoxicity between wild type Stx2e and expressed Stx2e.
[Row 1 : Stx2e from original strain AY93258, Row 2 : Stx2e expressed from pED18].



Ò�� Shigatoxin 2e F*¶~ B*�W �Ö 5 ë²~ >ÏÚ Ö� �zW {� 255

� 4® º& 7«~&
. 2" êö .�j �~� .Ó

j ªÒ~� ELISA»b� ¦Ò� Ö" �Ú �&& 1:

7,000-1: 14,000b� ¾æÒ
.

4UY�F ë²f >ÏÚ (C�f~ �zW {�

"æ~ ËVöB ºÂ� Gb4¢ TLCö *B~� Stx2e

¢ Ö��Î 
r, Stx2eö &� �ë²f goat anti-rabbit

peroxidase conjugate¢ Nf� &~� >w�V
. Plate

ö Vî Ï�j &~� Bï� Ö" >ÏÚ Gb4º Stx2e

f ;� �zWj ¾æÚî
.

� V

Shigatoxemia� �~� ¢V>º "æ~ ¦«÷f

Stx2ej �Ö~º &Ë�~ 6"ö ~~� �F ¶îö

B n®~² B�~�, b~�ç~ ¦«, Úÿ
�, ã

N, îjf ?f �ãÃçj ¾æÞ
 [16, 18, 19]. ¦

«÷~ �÷Nf ¸æ pf Þ�¾, 6" ¶îf &¦ª

� *»î� >�¾ öÒN� ¸j ãB'b� ç��

b�¢ "º î÷7~ ~¾�
. 

� ÷~ ö�� Shiga ë²º ëW� ;~� �� �

ç¶çj FB~æ� ªçÒòöB �ïë²¢ �³~

² ¦Â� > ®º O»~ BB� jº~
.

� 
þöBº î÷~ �³ê� O»j Îï~V *

� >�~ ¢~b� Stx2e~ �'B* ��j �«~

�, >ÏÚ Gb4ö &� Stx2e~ �zWj {�~�¶ ~

&
. 

Stx2e F*¶¢ B*�ÊV *~� Ò�� F*¶

pED18j &Ë� DH5αF'IQö ;î*~ ~&
. ;î *

~�j V· ÷�~� plasmid¢ ªÒ~� B�Î²

BamH I" Hind III� .�~� {�� Ö" f � [3]�

��� 1.4 kb~ Stx2e genej {�� > ®î
(Fig. 1).

�j V· ÷�~� ë²¢ ºÂ~� ^�ëWj jv

� Ö", ªÒ�f 103CD50/mlj, ;î*~�f 106CD50/

ml~ ^�ëWj ¾æÚÚ ;î*~�~ �Wë²& ª

Ò�ö j~� 1000V z ¸f ^�ëWj ¾æÚî
.

��� Ö"º Stx genej cloning~� ;î*~~� ª

Ò�~ ë²f ;î *~� ë²~ ^�ëWj jv�

�� ��¶
~ W' [4, 12, 23]" FÒ~&
.

Stx2e F*¶~ B* �'��j �«~V *~� ;

î*~� PED18j V.Væö glucosef lactose

promotor FBbî� IPTG¢ ³êê� Î& V·~�

ë²¢ ºÂ� 
r ^�ëWj jv ªC~&
(Fig.

3). 0.5%~ glucosef 0.5 mM IPTG¢ Î&� Væö

PED18j V· ºÂ� ãÖ ^�ëW� 106CD/ml�B


þ� 7öB &Ë ¸f ^�ëWj ¾æÚÚ �' B

* ��ªj r > ®î
. ��� Ö"º N � [4]�

Stx2 F*¶~ �' B*��j �Ò� W'" FÒ~

&
.

�WB ë²& ^� �� OÂ>º Stx1 5 Stx2f

º �Ò Stx2e~ ãÖöº �~ 90% �ç~ ë²&

periplasmic spaceö Ö�>Ú ®
. ë²¢ FÒ�ÊV

*~� polymyxin B sulfate¢ Î&~� �Ú¢ 2ê~

� �z �ÖzÎª Ï�b� �*� ãÖ 
ï~ crude

toxinj áj > ®
� ~&
 [7, 20].

� 
þöBê Î"'b� ë²¢ 
ï �Ö~V *

~� ;î*~� PED18j Stx2e B* �'��b� {

�B Væö V·~� �Ú¢ >÷~�, polymyxin B

sulfate¢ &~� 2ê� 
r 30%f 70% �Ö zÎª

ö �ê'b� �*�B crude toxinj >÷~&
. >÷

� ë²¢ �Ö jÏ�b� RC~� Amicon filterö ³

»� 
r A-E column" CF columnj Û~� ;B�

©j SDS-PAGEö *B~� {�� Ö" crude toxinö

Bº 
·� ª¶ï~ �Wî ª³� ¦Â>î
. ��

¾ A-E column~ ;BÖbf ë² �W �~ ¢¦ ª

³� ¦Â>î�, CF column~ ÖböBº 32 kd~ A

Fig. 4. SDS-PAGE pattern of purified protein of toxin from
PED18 stained with coomassie blue.
[Maker : Protein marker, broad range. (NEB), Lane 1 :
Crude toxin of PED18 after dialysis, Lane 2 : Collect
fraction after anion-exchange column, Lane 3 : Collect
fraction after chromatofocussing].

Fig. 5. The Affinity of Stx2e for Gb4 by immunobloting.
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subunitf 7.7 kd~ B subunit ª³j �~ B>~² ª

Ò� > ®Ú �� ��¶
~ Stx ;B Ö" [15, 22]

f FÒ� W'j ¾æÚî
.

"æ~ ËVöB ªÒ� Gb4¢ TLC plateö *B~�

immunoblotting»b� VT2eö &� �zWj {�� Ö

"(Fig. 5) Gb4ö ¸f �zWj ¾æÞ ©f f"

Lingwood [2]f f � [1]� Stx2ö &� receptor~ �

zWj {�� Ö"f ¢~~&
.
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