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����	�"��#�$�#��%��� genotypes ���  phenotypes ��� Shiga toxin producing E. coli 
�

reservoir hosts  �%� ��� ���	 ���!��	

��%�&'"#�������

I. ������������������������������
�
����
������������
���
��������!" (��
 
���!"��


)"�� ������
�*��

1. ��������� homogenates (��
 lysate (Ly) ���'-��������	�� / (�������
 2.1)

�&��'������	��� stock cultures #� streak ��'� trypticase soy agar (TSA) plate

���� incubate ��� 37�C �*+����� 18-24 /����#� �������
/� loop $�! colonies (2-3 colonies)

��� overnight plate 
�
��
� 50 ml trypticase soy broth (TSB) 
� flask ���! 150 #�. �&�

flask �* incubate ��� 37�C 
� shaking incubator �*+����� 4-6 /����#� �&� culture �**<=���� 

10,000 � g ��� 4�C �*+����� 20 ���� �&� bacterial pellet �* suspend 
� deionized distilled 

water 
>��!� optical density �*+� 2.0 ��� 540 nm �&��* sonicate ��� 20 kHz �*+����� 5 ���� 2 

����� �'
� �*+� aliquots ��?�@ ������?'������ -20�C

2. ��������� lipopolysaccharide (LPS) ��� E. coli serogroup O157

�������	�!���' E. coli O157 X[���*+� clinical isolate #����*����\]��*^_� 
�����$��	# 

LPS �!��&��'������	��� stock culture #� plate ��'� TSA �/
��!�	���'����$��	# whole 

cell lysate ���� pick growing colonies ��� plate �* inoculate ��
� TSB, incubate ��� 37�C

�*+����� 4-6 /����#� �&��'������	
� TSB �* inoculate ��
� Roux bottles ���#� agar slants

�$��	#��� TSA 250 #�. ��!�� 3 #�. ���	���!�*#��"%��
>� inoculum ���'��^#����"%�����

��� agar slant ���� incubate ��!����>#!��� 37�C �*+����� 48 /����#� ��?'��'��# bacteria 

�������]'�"%�������� agar slants �!	
/�������� (glass beads) ��� sterile normal saline 

solution (NSS) ������*#�
>��'������	>�^!������������ agar slants ����!�!���#�*<=����� 

bacteria !��	 NSS !��	���#��?� 10,000 � g ��� 4�C, 3 ����� ������� 20 ���� �&� bacterial 

pellet ������*<=�����������^!���	 �* suspend 
� NSS �!	�&����
>��!� bacterial weight 

10-20 mg/ml. ��# 90% phenol *��#�$���
������
� bacterial suspension �&������#�*

�̂
���� 65-68�C 
�����!�	����
>�����	
���������#�&���#��*+����� 20-30 ���� *�
�	
>�

�	?�������̂�>|�#�>���������?'���
>��	?���� 4�C �
���&��**<=���� 5,000 � g  �*+����� 20 ���� 

�"%��
>��	��*+�/��� @ 
/� serological pipettes !�!�	�/�����&� (aqueous phase) X[���*+�/���'�

��?'��#��� ($�����#�!������#

>�!�!/�������X[���*+�/��� nucleic acid >�%�/����
��X[���*+� protein 
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*�#�) �&�/��� aqueous phase �����?'#��!�#���!*��#�$�������#��' absolute ethanol

*��#����
��������/
�	?������� 4�C 
/�
	����X[��X������>��	@ /��� ����$������� @ ������!�[��

�����?'�
������*+���&�#���#��' absolute ethanol ��� 4 *��#�$� ��?' preparation ������ 4�C

�����%������&��**<=���� 5,000 � g ��� 4�C �*+����� 20 ���� �&�$��������!��*����	��&�

*��#�$����	@ dialyse 
���&����%��&���!�����}��~���
>�>#!���!� crude LPS >�%����	��
�

�*+� first extracted LPS �����&��*���!!��	�����X�&������������!� second extracted LPS �&�

preparation �**<=���� 100,000 � g, 4�C �*+����� 3 /����#� �&� pellet ����!�#�����	
���&������

*��#�$����	 @ 
>��*+� homogeneous solution �&��*>� dry weight �����'
���?'�*+� 

alipuots ��?�@ (pure LPS) ��*��� 2.1 ��!� SDS-PAGE-separated E. coli: O157 Ly ��� 

LPS ���	��#!��	 Coomassie brilliant blue (��*��� 2.1, Block I) ��� Silver stain (��*��� 2.1, 

Block II)

3. ������(�'"#��������� Toxins �	��/

3.1 Cholera toxin (CT) X%�����'����� Sigma Chemical Company, USA

3.2 Heat-labile enterotoxin (LT) ����/%�� enterotoxigenic E. coli �$��	#��� 

recombinant clone ���#� hlt gene X[���!���'���#��^����� Professor Dr. Hisao Kurazono, 

Head, Department of Medical Technology, Institute of Health Sciences, University of 

Okayama, Japan ���X[���*+� collaborator �!	����$��
�����$��	# LT �!�*��'�$�$�#������� 

Clements and Finkelstein (1978) ��� Uesaka et al. (1994) �!	#����!�!�*����?����	 !�����

�&� recombinant bacteria #� grow 
� LB broth X[��#� ampicillin ��#�	�
 100 �g/ml 

��� 37�C 
� shaking incubator �*+����� 18 /����#� �&� culture #�*<=���� 10,000 � g ��� 4�C 

�*+����� 20 ���� �"%�� collect bacterial cells �&� bacterial pellet ����!�#� suspend 
� 10 mM 

Tris-HCl buffer, pH 8.6 X[��#� NaCl ��#�	�
 0.9% ��������&�
>��X��~����'������	�$��!	 

sonication ��� 20 kHz 2 ���� 5 ����� >�������&���! cell debris ����*�!	���*<=�!����
������

$����������>�[�������[��&� supernatant X[���*+� lysate ����X��~#� precipitate !��	 65% 

ammonium sulphate �%�
�
�� ammonium sulphate 398 ���#/supernatant 1 ��$� $�������

�!����*+� crude LT �&��*����	
� TEAN buffer ���� dialyse 
� buffer �!�	���������� 4�C

�����%� ������!�
� protein content (Bradford, 1976) 
�����$���^!���	�&� crude LT �*�
�� 

immobilized galactose column �!	X%�� resin /��!���#����'����� Pierce Co. �#%�� 

Rockford, USA �!	 pack 
� glass column ���! 1.5 � 10.0 X#. >������ equilibrate 

column !��	 TEAN buffer �&� crude LT #��
�����*X[�� LT ����'��' galactose 
� column 

�
������#
��'��' galactose �������������*
>�>#!!��	 TEAN buffer �����[� elute bound LT

������ column �!	
/� 0.5 M galactose 
� TEAN buffer ��?' eluates �*+� fractions ��?�@ 

fraction �� 1 #�. �&��*�
�� optical density (OD) ��� 280 nm >�����������[� pool ��# 
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fractions ���#� optical density ����!��	������*+� pool ��� pure LT �&��* concentrate �!	*<=�


� Centriprep-30 ������!�
� protein content (Bradford, 1976) ��*��� 2.2 ��!� SDS-PAGE 

separated pure LT ���	��#!��	�� Coomassie brilliant blue ���>?��
�*����'!��	 A ��� B 

subunits � $&��>�
� 32.2 kDa (A subunits) ��� 11.8 kDa (B subunits) �'
���?' pure LT 

�*+� aliquots ��?� @ ������ -20�C X[��$
�#�
/��*+� heterologous toxin �"%��$��� specificities

��� monoclonal antibodies $
� O157 LPS, Stx-1 ��� Stx-2

3.3. Purification of Stx-1 '"# Stx-2

Source ��� Stx-1 �%� recombinant E. coli M1061 X[�� carry 2.1 kb BamH1-BglII 

fragment ��� stx-1 ��� ligate �	�
��' vector pUC118 �!	�!���'#���� Professor Hisao

Kurazono (Kurazono et al., 1987), Professor and Head, Department of Medical 

Technology, Institute of Health Sciences, University of Okayama, Japan �
�� source ��� 

Stx-2 �%� recombinant E. coli M1061 X[�� carry 4.6 kb EcoRI fragment ��� stx-2 X[�� ligate

�	�
��' pCH253 vector (Yutsudo et al., 1987a) ��� purify Stx-1 
/�������� Kurazono et al. 

(1987) ������ purify Stx-2 
/�������� Yutsudo et al. (1987b) �!	!�!�*����?����	 ��	

�����	!�������$��	##�!�����:-

�&��'������	��� carry stx-1 �* grow 
� Luria-Bertani (LB) broth X[����# Ampicillin

�	�
 100 �g/ml �!	 incubate 37�C shaking incubator �*+����� 48 /����#� �
���'������	X[�� 

carry stx-2 gene �&��* grow 
� Mueller-Hinton broth X[��#� Trimethoprim ��#�	�
 10 �g/ml 

�#%����' 48 /����#� �&� cultures �**<=��"%�� pack bacterial cells ��� 5,000 � g, 4�C �*+����� 

15 ���� �����&� pellet �* resuspend 
� phosphate buffered saline (PBS), pH 7.4 �����# 

Polymyxin B ��� 6,000 units/ml �&� bacterial cells �*�&�
>��$��!	 sonication ��� 20 kHz 2 

���� 5 ����� >������*<=���� cell debris ������� �&� supernatant �* precipitate !��	 80% 

ammonium sulphate (516 g/l) $���� precipitate ����!��&��*����	
� 50 mM Tris-HCl, pH 

8.6 ���� dialyse 
� buffer �!�	���������� 4�C �����%� preparation ������	��
� crude toxin X[����

�&��* purify $
�!��	 DEAE-fast flow chromatography (column size 2.0 � 45.0 cm) X[�� 

equilibrate !��	 50 mM Tris-HCl, pH 8.6 ������� >������ apply crude toxin �������� 

column !��	 buffer �!�#���� elute protein ���#��!	
/� 0-0.5 M NaCl 
� Tris-HCl buffer, 

pH 8.6 ��?' fraction �� 10 ml ����$��� OD ����̂� fraction ��� 280 nm �������$����
� 

fraction 
!#� toxin �!	�&��*�!��'!��	���� double diffusion �!	���!�*�����	����

precipitation ��� fraction ��' rabbit polyclonal antibodies $
� Stx-1 >�%� Stx-2 (Yutsudo et 

al., 1987b) "'�
� fractions ���#� toxin (
>� precipitin bands $
� anti-toxin) ��� elute ���#�


�/
����>�
�� 0.12 - 0.24 M (NaCl) (��*��� 2.3) �&� fractions ���#� toxin #� pool ��#��� �&�

�$
�� pool �* concentrate !��	 Amicon PM10 membrane ultrafiltration ��� Centriprep-30
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�������
 2.1 List of heterologous antigens used for testing cross-reactivity of MAbs to 

EHEC O157 LPS, Stx-1 and Stx-2

No. Strain/ Antigen   No. Strain/ Antigen

1 Shigella flexneri 1a 46 Plesiomonas shigelloides
2 S. flexneri 1b 47 Pseudomonas aeruginosa
3 S. flexneri 2a 48 Aeromonas hydrophila
4 S. flexneri 2b 49 Escherichia coli (K12)

5 S. flexneri 3a 50 E. coli O86

6 S. flexneri 3b 51 E. coli O125

7 S. flexneri 4a 52 E. coli O126

8 S. flexneri 4b 53 E. coli 49/32

9 S. flexneri 6 54 EIEC 54/32

10 S. flexneri x 55 EHEC (VT1)

11 S. flexneri y 56 EHEC (VT2)

12 S. dysenteriae 1 57 EHEC (VT2vh)

13 S. dysenteriae 2 58 EHEC (VT2vp)

14 LPS of S. dysenteriae 1 59 EHEC (MC1061)

15 S. boydii 1 60 EHEC (VT2, K243)

16 S. boydii 2 61 EHEC (SLT I, CG-94-2017-1)

17 S. boydii 4 62 EHEC (SLT I, SPH-1624-1)

18 S. boydii 12 63 EHEC (SLT I, II, CP-32-1)

19 S. sonnei phase I 64 EHEC O111ac:H40 (V-474-2)

20 S. sonnei phase II 65 EHEC O111ac:H40 (V-826-2)

21 LPS of S. sonnei phase I 66 ETEC (SPH-2389-1)

22 Salmonella Paratyphi A 67 ETEC (SPH-2436-1)

23 S. Paratyphi C 68 ETEC (CJ-612-6)

24 Salmonella group C 69 E. coli (LT, ST, CJ-1270-1)
25 Salmonella group E 70 E. coli (ST, CAM-10-1)

26 S. Typhi 71 E. coli (LT, CJ-1417-1)

27 S. Typhimurium 72 E. coli (LT, CP-10-1)

28 S. Panama 73 EAggEC (W 177-1-1)

29 Klebsiella pneumoniae 74 EPEC (W 393-1-1)

30 Enterobacter aerogenes 75 EPEC (W 225-1-2)

31 E. cloacae 76 EPEC (467-1-1)

32 Citrobacter diversus 77 EPEC (215-1-1)

33 C. freundii 78 EPEC (412-1-1)

34 Seratia marcescens 79 DAEC (WC 407-1-4)

35 Proteus rettgerii 80 DMS 1 (S. sonnei phase I)

36 P. vulgaris 81 DMS 2 (S. flexneri 2a)

37 Morganella morganii 82 DMS 3 (untyped)

38 Vibrio fluvialis 83 DMS 4 (S. sonnei phase I)

39 V. alginolyticus 84 DMS 5 (S. flexneri 6)

40 V. cholerae Inaba 85 DMS 6 (S. flexneri 6)

41 V. cholerae Ogawa 86 DMS 8 (untyped)

42 V. cholerae non-O1 87 DMS 10 (S. flexneri 2a)

43 V. cholerae 215/35 88 DMS 11 (S. boydii 5)

44 V. cholerae 287/35 89 Cholera toxin (CT)

45 V. cholerae 536/35 90 Heat-labile enterotoxin (LT)

CT, cholera toxin; DAEC, diffusely adherent E. coli; DMS, Department of Medical Sciences, Ministry of Public Health, 

Thailand; EAggEC, enteroaggregative E. coli; EHEC, enterohemorrhagic E. coli; EIEC, enteroinvasive E. coli; EPEC, 

enteropathogenic E. coli; ETEC, enterotoxigenic E. coli; LT, heat-labile enterotoxin of ETEC; ST, heat-stable enterotoxin of 

ETEC; SLT, Shiga-like toxin or VT,
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�46��
 2.1 '%�� patterns $
� SDS-PAGE-separated homogenate (lanes B, C '"# D) 

'"# LPS (lanes E, F '"# G) $
� E. coli O157

Block I 	��#!��	 Coomassie Brilliant Blue

Block II 	��#!��	 Silver stain
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�46��
 2.2 '%�� SDS-PAGE-separated pure LT $
� enterotoxigenic E. coli ��
 elute



������ immobilized galactose-resin column

Lanes B-J: SDS-PAGE-separated patterns of fractions eluted from the 

galactose-resin column

A subunits at 32.2 kDa

B subunits at 11.8 kDa

Lane A, broad range molecular weight markers

Numbers at the left are molecular weights in kDa

A subunits

B subunits
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�46��
 2.3  Chromatogram $
� Stx-1 ��
 elute 

������ DEAE fast flow column

Bar �����	� (���\�/��) ��!� fractions ���#� Stx-1 ������$�����'!��	 double 

diffusion test $
� rabbit anti-Stx-1 ���>?��
� Stx-1 ��� elute ���#�
�/
�� 0.12-0.24 M 

NaCl
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(Amicon, Beverly, MA, USA) �#%�� concentrate ���� preparation ����!� (3 ml) ���	��
� Stx-

IEC �&��* dialyse 
� 25 mM immidazole-HCl buffer, pH 7.4 ����&��* apply 
� 

polybuffer exchanger PBE 94 column (1.0 � 45.0 cm) ('����� Pharmacia Fine Chemical, 

Sweden) X[�� equilibrate ���!��	 immidazole buffer ���� elute protein ���#�!��	 gradient 

pH 7.0 �[� 4.0 �!	
/� polybuffer 74, pH 4.0 (Pharmacia Fine Chemical, Sweden) �&��$
�� 

fraction (fraction ��� Stx-CF) �*$���>� toxin �!	����!����
������$�� "'�
�"'�
� Stx

positive fractions ��� elute ���#�
�/
�� pH 5.5 �[� 6.6 (��*��� 2.4) �&� toxin positive 

fractions�*$�����'�!	����	�!��	���� SDS- PAGE ����	��#��!��	 Coomassie Brilliant 

blue �"%�� identify toxin bands (A subunits ��� Stx-1 ��� Stx-2 ���	�
$��$&��>�
� 33.5 

��� 33.7 kDa $�#�&�!�' �
�� B subunits ��� Stx-1 ��� Stx-2 ���	�
$��$&��>�
� 6.6 ��� 

6.5 kDa $�#�&�!�') (Takeda et al., 1993) "'�
�'�� fractions #�#����
� 2 bands (��*��� 

2.5) !�! fractions ���#� toxin �!	���$���!��	 double diffusion ���
�����	�!��	 SDS-

PAGE ������	��#��*���� bands $��$&��>�
� A subunits ��� B subunits ���$������
>� 

SDS-PAGE pattern �''�!�	���� #���#����!��	��� ���� dialyse 
� buffer ����>#���#�!	


/� 50 mM PBS, pH 6.0 ���#� 0.2 M NaCl �&�>��' Stx-1 ���
/� 50 mM PBS, pH 8.0 �&�>��' 

Stx-2 >������ dialyse �����&��* concentrate �!	
/� Centriprep-30 �#%���&��$
�� pool �*

�	�!��	 SDS-PAGE ����	��#����������>�[�� (��*��� 2.6 ��!� SDS-PAGE patterns ��� Stx-

CF pools) ���>?��!��
� pools ��� fractions 10 ��� 11 (lane B) ��� pool ��� fractions 12-

14 (lane C) 
>� bands 2 bands $����'$&��>�
� Stx-1A ��� Stx-1B !������ 2 pools ����[��*+� 

pure Stx-1 �
�� pools �%�� (pools ��� fractions 15 ��� 17, fraction 16, pools ��� 

fractions 18-19, 20-21 ��� 22-24 [lanes D, E, F, G ��� H]) #� bands #����
� 2 bands 

(partially purified Stx-1]) �&� pools ��� fractions 15 ��� 17, fraction 16, pools ��� 

fractions 18 ��� 19, 20 ��� 21, ��� 22-24 �* concentrate ���>�*��#���*�$�����	� 

preparation �
������
� “Stx-CF” X[��$����&��* purify $
�!��	���� gel filtration �!	
/� fast 

protein liquid chromatography (FPLC) (Pharmacia Fine Chemical, Sweden) ��������!	
/�

Superose-6HR 10/30 prepacked column �*+�����$���^!���	 ��*��� 2.7 ��!� chromatogram 

��� Stx-1-CF pools $
�� @ ��� chromatofocusing column ���>?��
� Stx-CF pool 
!����*+�

partially purified toxin �?��
>� chromatogram #����
� 1 peak �
�� Stx-CF pool ���#� pure 

toxin �	�
���� �/
� pool 12-14 �?���>?� peak �!�	�
� chromatogram 
���� purify Stx 
�����

$���^!���	!��	 Superose-6HR FPLC ���� �&� Stx-CF ���#� protein range 3-5 mg *��#�$� 

150 �l �����������#� inject �
�� sample loop ��� column >���������� elute !��	

equilibrate buffer (50 mM PBS, pH 6.0 containing 0.2 M NaCl �&�>��' Stx-1; Tris-HCl, pH 

8.0 �&�>��' Stx-2) �!	
/� flow rate 0.4 #�/����/>��! �*+����� 1 /����#� �!	*�
�	
>� 

eluent ����
�����#���� column 
>� detect OD �!�!��	 UV-1, 280 nm 0.2 AUFS ������?'

!��	 fraction collector (Frac 100, Pharmacia Fine Chemical, Sweden) ��! OD ����$
��
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�46��
 2.4  Chromatogram $
� Stx-1 ��
 elute 

������ chromatofocusing column 

(fraction volume 5 ml)

�����[' (���\�/��) ��!� fractions ���#� toxin ������$���!��	 gel double 

diffusion test $
� rabbit anti-Stx-1 X[����� elute ���#�
�/
�� pH 5.5 �[� 6.6
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�46��
 2.5 SDS-PAGE patterns $
� fractions ��
�� Stx-1 ��
 elute 

������

chromatofocusing column

Lanes A of (a) and (b) are molecular weight markers

(a) Lane B, SDS-PAGE-separated crude Stx-1

Lanes C-J, patterns ��� fractions 8-15

(b) Lanes B-J, patterns ��� fractions 16-24

A subunits at 33.7 kDa

B subunits at 6.6 kDa

Numbers at the left are molecular weights in kDa
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�46��
 2.6   '%�� SDS-PAGE patterns $
� concentrated pools �	�� / ����46��
 2.4 '"# 

2.5 ��


Lane B, pool ��� fractions 10 ��� 11 (pure Stx-1)

Lane C, pool ��� fractions 10 – 14  (pure Stx-1)

Lane D, pool ��� fractions 15 ��� 17 (partially purified Stx-1)

Lane E, fraction 16 (partially purified Stx-1)

Lane F, pool ��� fractions 18-19 (partially purified Stx-1)

Lane G, pool ��� fractions 20-21 (partially purified Stx-1)

Lane H, pool ��� fractions 22-24 (partially purified Stx-1)

Lane A, molecular weight standard markers

Numbers at the left are molecular weights in kDa

kD
206125

88
47 7

34 9

29 6

20 4

7 0

A B C D E F G H



89

�46��
 2.7   '%�� FPLC chromatograms $
� Stx-1-CF fractions �	�� /

(a) pool ��� fractions 22-24 (lane H ��*��� 2.6) X[���*+� partially purified Stx-1 #�

>��	 peaks 
� chromatogram

(b) fraction 16 (lane E ��*��� 2.6) = partially purified Stx-1 #�>��	 peaks 
�

chromatogram

(c) pool ��� fractions 12-14 (lane C ��*��� 2.6 = pure Stx-1) #� peak �!�	�
� 

chromatogram

(a)

(b)

(c)
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�46��
 2.8  '%�� SDS-PAGE (non-reducing condition) patterns $
� Stx-1

preparations <�$����
��	�� / $
���� purify

Lane A, molecular weight standard markers

Lane B, crude Stx-1 >������ ammonium sulphate precipitation

Lane C, Stx-1 preparation ��� DEAE-Sepharose column

Lane D, partially purified Stx-1 ��� chromatofocusing column

Lane E, pure Stx-1 ��� chromatofocusing column X[���>#%����' pure Stx-1 

��� FPLC column
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fraction ����"�#"~ chromatogram ���#� >�����������&��$
�� fraction ��� show appropriate 

peak 
� chromatogram �*�!��'��' rabbit polyclonal antibodies $
� Stx �$
��/��! ���

�"%���*+����	%�	���
� preparation �̂!���	����*+� pure Stx �[��!��&��$
�� preparation �* run


� SDS-PAGE 
� non-reducing condition ����	��#!��	�� Coomassie Brilliant blue ��*��� 

2.8 ��!�
>��>?��[� SDS-PAGE-separated patterns ��� Stx-1 
�����$��$
�� @ ������

purify

3.4 ��������� Stx-2 toxoid

��%������ Stx-2 #����#�*+�"��$
�>�� mice #�� �����
/� immunize >�� mice �!	

$�����&�
>�>�� mice $�	�"��� toxic/lethal dose #�*��#��$�&�#���#%�����	'��' 

immunogenic dose !������ 
���� immunize >�� BALB/c �"%���$��	# immune splenocytes

�&�>��'������$ hybridomas �[�#����#�&��*+�$��� detoxify Stx-2 �"%��
>��*+� toxoid �"%���!

���#�*+�"���$
	�������#�*+� immunigen ���	�
�� ����$��	# immunogenic Stx-2 toxoid

�&��!��!	����&� Stx-2-IEC #���%�����*+� 0.5 mg/ml 
� 10 mM PBS, pH 7.4 ��� dialyse

against 0.4% formalin 
� PBS ��� 37�C �*+����� 7 ��� >���������� dialyse �&���!��� trace

��� formalin ���
>�>#!�!	 dialyse 
� PBS ��� 4�C �����%��!	�*���	� buffer >��	 @ ����� 

�������$����
� Stx-2 toxoid 	��#� toxicity $
� Vero cells �	�
���>�%��#
 �!	�$�# toxoid ��
� 

Vero cell culture �����
/� toxoid 
���� immunize BALB/c $
��#%�� preparation �����#
�*+�

"��$
� Vero cells

4.  ��� immunize (�4 BALB/c ���

<(>!�> immune splenocytes

�!� immunize >�� BALB/c �"\�#�	 ��	^ 5-7 ��*!�>~ X[���!���'���#��^�����>~��� 

Armed Forces Research Institute of Medical Sciences (AFRIMS), US Component

��^���"� 3 ��^
# ��^
#�� 3 $�� �!	�
�� immunize �!�������%�!>���$
��$���"%����?'����*+�

normal control serum (NS) >����^
#��� immunize !��	 O157 Ly �
����^
#��� 2 �����^
#��� 3 

immunize !��	 holo Stx-1-IEC ��� Stx-2 toxoid $�#�&�!�' ���$����
� dose ��� ��#��' 

complete Freund’s adjuvant ��!����/
������ (intraperitoneal; I/P) >������������! booster 

doses ��� 2 ����� �^�@ �����*!�>~�$
��# immunogens �!�#
� incomplete Freund’s 

adjuvant *��#�� immunogens 
� dose ����%� O157 Ly 50 �g, Stx-1-IEC ��� Stx-2 

toxoid *��#�� 2 �g �
��
� booster doses �"��# O157 Ly �*+� 70 ��� 100 �g $�#�&�!�' 

�
�� Stx-1-IEC ��� Stx-2 toxoid �"��#�*+��	
���� 5 �g >��������! dose ��� 3 �������

��*!�>~ ������%�!>���^�$���"%���&�#�$��� indirect ELISA titers $
� homologous antigens

���$��� antibody patterns $
� SDS-PAGE-separated homologous antigens !��	

Western blotting (WB) �#%��"'�
�X���#��� immunized mice #� ELISA titers ������
>� WB 
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patterns $
� homologous antigens �>#���# �[��&� spleens ���>��$�����#� titers ����^!�*
/�

�*+� immune splenocytes �&�>��'�$��	# hybridomas $
��*

5. Cell hybridization (fusion) ���

������ hybridomas '"# monoclonal antibodies 

(MAb)

Immunized mice 
��$
����^
#X[��#� serum indirect ELISA titer ����^! ���
>� WB 

patterns $
� homologous antigens �>#���# (�%� X���#>����� immunized !��	 O157 Ly #� 

reactive bands $
��*�$��$
�� @ �>?��*+� bands �!��	���� molecular weights $
�� @ ��� ���#�

antibodies $
� O157 LPS X[���>?��*+� ladder >�%� diffused bands �
��>����� immunized 

!��	 Stx-1-IEC ��� Stx-2 toxoid #� antibody reactive bands $��$&��>�
� A ��� B 

subunits ��� Stx-1 ��� Stx-2) �������%��#��*+� immune splenocyte donors �"%�� fuse ��'

myeloma cells �&�>��'���$ hybridomas

�
������&� cell fusion 4 ����!���!���$^��>�������%��
>��*+� splenocyte donors

!��	 immnogens �!�#����������%�!�!	����	 immunogens *��#����[��>�[����� last booster 

dose 
� NSS *��#�$� 0.2 ml >������ intravenous booster 4 �������*+��������&� cells 

fusion ������%�!>���$
��$���	�X���#����*+� positive (immune) serum (PS >�%� IS) �
�>��

!��	���� cervical dislocation ���� disinfect |�	���$��>���!	�̂
#��
� 70% ethyl alcohol ����

$�� >����������$�!#��#���#��������'!��� spleen cells 
�
��
� RPMI-1640 medium �!	


/� sterile technique �^�����$�� *<=������X��~
� RPMI medium ������'�&�����X��~���#�/���$

�	�

� hemacytometer ���
/� trypan blue exclusion method "'�
� �X��~#�/���$�	�
#����
� 

98% ��� nucleated cells ����>#! �[��&��* fuse ��' P3x-63-Ag8.653 myeloma cells X[�� 

harvest #���� culture flasks 
��������X��~�&�����	�

���	� late exponential phase (cells 

#� viability #����
� 98% �/
����) 
���$���
�� myeloma cells:spleen cells = 1:10 �!	
/�

polyethylene glycol (PEG) 4,000 �*+� fusogen >������*<=� cells 
>��*+� common pellet 

���� resuspend cells 
� RPMI-1640 medium �������� 2-3 ����� ���	�^!�&� cell pellet �* 

resuspend 
� selective medium �%� HAT medium ��# 15% bovine serum �!	*��'
>�#� 

10
6
 cells/ml ��������'
� 200 �l aliquots ��
� 96-wells tissue culture plates ���� incubate 

plates ������ 37�C 
� 5% CO2 incubator $���!� cultures |�	
$� inverted microscope �^���� 

�#%��*�����*+���^
#�X��~ hybrids ��� refractile ��
� background X[��*����'!��	 cell debris 

�[��*���	� medium 
>#

���	���������>#���# >������ hybrids �'
�$���"��#�&����#������ 

�&� undiluted culture supernatants �*$���>����$�'�!�$
� homologous antigens �!	���� 

indirect ELISA �#%��"'�
� �X��~��� culture wells >�^#
!
>���'���!	#� indirect ELISA

optical density �����
� 0.1 �&��X��~���>�^#�����* clone �!	���� limiting dilution �!	#� 

normal splenocytes �*+� feeder cells �"%��
>��!������!��	� (monoclones = hybridomas)
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6. Vero cytotoxic assay


�����&� Vero cytotoxic assay �!�
/� African Green Monkey kidney (Vero) cells 

���������� Gentry ��� Dalrymple (1980) �!	�!���' Vero cells #�����"�	~>]���^�>]��

����$~  ��\������~  |����/���������	�  AFIRMS ��^���"  �!��&� Vero cells #�����	�
� 

MEM tissue culture medium �"%�� maintain �������&� experiments 
�����������
��>�[�� 

cryopreserved ���
� liquid N2 Tank

�#%�����&�����!��'!��
� preparation >�%� sample 
!#� Shiga toxin �!��&� cells #� 

plate ��
� tissue culture wells >�^#�� 100 �l (10
5 
cells) ���� incubate plate ��� 37�C 
� 

5% CO2 incubator ���#�%� �&� sterile toxin preparation >�%�$���	
�������$���>� Shiga 

toxin (undiluted preparation >�%� individual dilutions) #��$�#��
� well ���#� Vero cells >�^#

�� 100 �l �!	
� plate �!�	����#� positive control (Stx-1 >�%� Stx-2 �����$
����) ��� 

negative control ����>#���# (�/
� spent culture medium of P3x-63-Ag8.653, sample 

diluent �*+�$��) �	�
!��	 >������ incubate ��� 37�C 
� 5% CO2 incubator 48 /����#� �����&� 

plate #�$���!� cytopathic effect (CPE) �!	
/� inverted microscope (�*�!!���* 2.11) ���

������	����#�����?' plate ����!���� �!	������� detached cells ��� medium 
�>�^#���
>�

>#!!��	 phosphate buffered saline (PBS, pH 7.4) ����	��#�X��~���	��$�!�	�
��'��� wells 
� 

plate !��	 0.13% crystal violet 
� 5% ethanol-2% formalin-PBS �*+����� 20 ���� �����[�

���� excess stain ���!��	��&������>�%���&�*��*��?�!� *�
�	
>� plate �>�� �����[��&�#�$���!� 

cytotoxicity X[��'���������#
#����%�'�����������! cytotoxicity ����X��~$�	�[�>�^!���������

������� plate ��������!	�*��	'���	'��' negative control X[���� crystal violet ��$�!������ well 

�	
���#�&���#� (�#
#� toxicity) �
�� positive control (#� toxin) ��$���#� unstained area #��

>�%����	�[����'*��#�� toxin ���#�#������X��~$�	>#!�?���>?��
������� wells ���#� positive 

control ��'�#
#���$�!�	�
��	
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(a)

(b)

�46��
 2.9 The cytopathic effect (CPE) of Vero cells caused by Shiga toxin

(a) Monolayer of Vero cells in normal culture condition

(b) CPE of Vero cells in the presence of Shiga toxin (Vero cytotoxicity)
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7. Serological methods �	��/��
<�>����(���������#$
� monoclonal antibodies, 

cross-reactivity checking '"# antigenic specificities

7.1 Indirect ELISA

Indirect ELISA �����������
/��*+�����$���>���!�' antibody titer 
�X���#��� 

immunized mice, screen >� positive hybrids (�&� spent culture medium #�$���) ���

$�����!�' antibody titer 
�spent culture medium ��� selected hybridomas ���� 	��
/�

�&�>��'$��� cross-reactivities ��� MAbs $
��@$
� heterologous antigens (analytical 

specificity) !��	 ����$������&� indirect ELISA �&�>��'�������	
��
������>#%����' indirect 

ELISA �������	
�	��� 1 �^�*�����	��������$�������
/� coat plates X[���$�$
������*$�#

���#�>#���#����^!*�����~�$
�������
�����&�����!��'

7.2 Dot-ELISA

�!�
/� Dot-ELISA �&�>��'$��� analytical specificity ��� MAb $
��@$
� 

homologous ��� heterologous antigens ���������	��
/��&�>��'$���>����$�����*��>#�	


�$���	
���
�$��� (specimens) ������*_�	�̂������
��
�|�	>��� �	
�����?!����� dot-ELISA 

$
����� dot-blot-ELISA ���
/�$���>� Leptospira antigen 
�*<����� �����!����
��������

	
�	��� 1 ��?����	  ��
���%���������
/� slot-blot device >	!$���	
����'� nitrocellulose 
�

�������	
�	��� 2 ���
/� automatic pipette ��� tips >	!$���	
�� 1-3 �l �'' manual ��� 

>������$���	
��'� nitrocellulose �>��!����� ����$��$
��*��� dot-ELISA �&��/
��!�	���'
�

�������	
�	��� 1 ���
/� reagents �!�	�����^�*�����

7.3 SDS-PAGE  '"# Western blot analysis


�����	� antigen !��	 sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) 
��������	
�	��� 2 ��� 
/� 4% stacking gel ��� 12% 

separating gel �&�>��'���\[�������	���' MAb $
� LPS ��� E. coli O157 ���
/� 16% 

separating gel �&�>��'���\[�������	���' Shiga toxins

Western blot analysis �&��!	��� transblot SDS-PAGE-separated antigens ��

'� NC ������� blocked unoccupies sites '� NC !��	 3% BSA, 0.5% gelatin 
� PBS 

�������� NC �
���&��* react ��' antibody preparation >���������� revealed antigen-

antibody reactive bands �!	����&�*�����	���' second antibody-enzyme conjugate ��� 

substrate
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8. Specimens �����&@�J (human specimens)

�!���?'$���	
���̂����� 3 /^! !��	����%�

���
�	���&���
 1 �*+� rectal swabs ������*_�	�̂������
���&���� 499 ��	 ����*��'

��������������"	�'��"����#����� ���>��!�"/�'^�� *����\��	 
�/
���!%��������# �[�

���>��# �!���?' rectal swabs 
�
 Cary-Blair transport medium �
��*�"���/%����� Clinical 

Microbiology Laboratory Unit ������"	�'��"����#����� ���>��!�"/�'^�� >�����������[�

�&� swab �����* enrich !��	 buffered peptone water (BPW) 4 #�. ���#�%� �����'
��*+� 2 

aliquots �	� aliquots ����*$�#�"%��
/��&� MAb-based dot-ELISA  �"%��$���>� O157 LPS,  

Shiga-toxins 1 ��� 2  $
��*  �&�>��' aliquots �������&��*��?'��� -20�C �"%��
/��&� PCR, 

Western blot analysis ���/>�%� Vero cytotoxic assay 
�������� MAb-based dot-ELISA 
>�

���#
$����'������"���/%��

���
�	���&���
 2 �*+� rectal swabs ������*_�	�̂������
�� 42 ��	 /�����	!��# ���

�*��'��������������"	�'��/%�� “108” Hospital ���}���	  �!���?' rectal swabs ������*_�	�$


����
�

� buffered glycerol saline (BGS) X[���*+��"�	� preservation medium (�#

/
 

enrichment medium) *��#�$� 4 #�. �����
��*�"���/%���'������	���>���*��'�$����������

"	�'�� “108” ��������&� BGS >��!�!�	�����*$�# 20 ���� �����
��*$���>� O157 LPS, 

Shiga toxin 1 ��� 2 ���|����/��̂�/�����	������##������	� �����/\��$�~��$���� 

#>����	���	#>�!�  ��^���"�

���
�	���&���
 3 �*+� stool samples ������*_�	/��]��*^_� 5 �� ���#�������^������

�
���'' hemorrhagic colitis X[�� stool samples �>�
������?'���
� freezer ��� Department of 

Microbiology, Tokyo Metropolitan Research Laboratory of Public Health, Tokyo, Japan 

X[�� samples �>�
�����!���'���#��^�����>~����"�	~>]�� ��#��� ���� ����"���	��/%��������

$���>� Shiga toxins �!	 PCR �!��&����*����\]��*^_��$
��?'�����$�����'����
�� �
�����

$���>����$����
� stool aliquots �&��!	������	�\��$�~ ���|����/��̂�/�����	������##����

��	� �����/\��$�~��$����

�����$����!	�����"���/%��������$���>����$�����!	 MAb-based dot-ELISA 

�&�#��*�!"���#������$���	
��
!
>����#
$����� $����&�$���	
���*$���>����$���� �%� 

$���>� O157 LPS �!	 SDS-PAGE ��� Western blot analysis ���$���>� Shiga toxins 

�!	 Vero cytotoxic assay
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)"�������� (Results)

1 ���)"���*""J!�-������ '"#������"��"'
���-
��

1.1 Hybridomas secreting monoclonal antibodies to E. coli O157 LPS

�!�
/�>�� BALB/c ��	^ 6-7 ��*!�>~ �#%������#$����� immunize (whole cell 

homogenate ��� E. coli O157) �&���� 5 $�� �!	
/� dose, route ��� schedule �>#%��@ 

���|�	>������
>� booster dose ������^!���	 �!�$���"'�
�>��$����� 4 #� serum antibody titer 

$
� homologous antigen �������^!�%� 1:51,200 �[�
/� spleen cells ���>��$����� hybridize ��' 

myeloma cells "'�
���#��� aliquot fused cells 
�
��
� 96-wells tissue culture plates 

�&���� 1,488 wells (well �� 200 �l) !��	��� >������ incubate plates ��� 37�C 
� 5% CO2

incubator ����*���	� medium �	
���>#���# "'�
�#� growing hybrids �	�
�&���� 194 wells 

(13%) ����#%���&� spent culture medium ��� wells ���#� growing hybrids �*�!��'>�

���$�'�!�$
� O157 Ly (homologous antigen) "'�
� spent culture medium ����X��~ 

(polyhybrids) �&���� 18 >�^# #����$�'�!�  �[��&��X��~��� 18 >�^#����*�	��*+��X��~�!��	� 

(monocloning) ����!��'���#�&��"��������$�'�!�
� spent culture medium ��� 

monoclones (hybridomas) "'�
� hybridomas ��� 4 wells #����$�'�!���"��$
� O157 

Ly/LPS ��
������!	�#
#� cross-reaction $
� heterologous antigens �%��@�����!����
�$������� 

2.1 �������	�!���%�� hybridoma /%�� clone 13C9 #�����	��&�>��'������$ monoclonal 

antibodies (MAb) 
>�#��"��"%��
/��*+� detection reagent $
��*

Characteristics ��� MAb ��� clone 13C9 (MAb13C9) �!���!����
�$������� 2.4 

���>?��
� MAb13C9 �*+� immunoglobulin /��! �3 ��� light chain �*+� kappa (�) ���#����#

�&��"��$
� O157 LPS ����#%���X��~�"��#�&�����[� stationary phase ���� spent culture 

medium #� indirect ELISA titer 1:2,048 (20,480 EU/ml) ��� MAb13C9 
>� Western blot 

pattern $
� O157 LPS �*+� smears/ladders !����!�
� Block I ��*��� 2.10

1.2 Hybridomas secreting monoclonal antibodies to A and B subunits of Shiga 

toxin-1 (Stx-1)

�!� immunized >�� BALB/c �&���� 5 $�� �/
��!�	����  |�	>���
>� booster dose 

�^!���	���� 7 ��� "'�
� serum antibodies  $
� homologous antigen ��� immunized mice 

�^�$�� (Stx-1-IEC) #� titer #����
� 1:10,240 �#%���!��'!��	  indirect ELISA ���������	��

�!��&�X���#���>���$
��$���*�������>~!��	 Western blot analysis �
�#����$�'�!�$
� Stx-1A 

��� Stx-1B >�%��#
�!	
/� SDS-PAGE-separated Stx-1-IEC >�%� Stx-1-CF �������	�!�
/�>��

$����� 2 X[��#� serum antibody titer $
� homologous antigen �������^! ���#� reactive bands $
� 
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Stx-1 �*+� spleen cell donor �!	�&� splenocytes ���>��$������* fuse ��' myeloma cells 

P3x-63-Ag8.653 
�������$ hybridomas �#%�� hybridized ���� "'�
�#��X��~��� 532 tissue 

culture wells �������>#! 1,080 wells ���#� growing hybrids (49.3%) ��� 532 wells ��� spent 

culture medium ��� 20 wells #����$�'�!�$
� homologous antigen �%� Stx-1-IEC >�%� Stx-

1-CF ���#� bands $
� Stx-1A ���/>�%� Stx-1B 
� Western blot analysis !�������[��&��X��~

��� 20 wells ����*�&� monocloning �!	���� limiting dilution method X[���!� hybridomas 51 

clones !��	��� (Table 2.2) �!	 31 clones ����� MAb $
� Stx-1A ��� 12 clones ����� MAb 

$
� Stx-1B immunoglobulins ������$�!	 clones ����>#!�*+� � (�1, �2a >�%� �2b) ��� �
isotypes ����#
 cross-react ��' heterologous antigens 
� Table 2.1 �#%��$�����'�!	���� 

indirect ELISA ��� dot-ELISA ����������	�!���%�� hybridomas /%�� clones 11G3 ��� 3D4

����"%�����$ MAb $
� Stx-1A ��� Stx-1B $�#�&�!�' (�*�!!���*
� Block II �����*��� 2.10) ����

��� clones �#%������	�
� tissue culture ���[� stationary phase ��*�
�	 MAb ���#�
� 

spent culture fluids ��!�*+� indirect ELISA titers �!� 1:1,280 ��� 1:320 (12,800 EU/ml ��� 

3,200 EU/ml) $�#�&�!�' ($������� 2.2)

1.3 Hybridomas secreting monoclonal antibodies to Shiga toxin-2 (Stx-2)


�����!������
/� BALB/c �&���� 10 $�� �&�#� immunize �!	
/� Stx-2 toxoid �*+� 

immunogen |�	>��� booster dose ������^!���	 1 ��*!�>~  >�� mice �^�$��#� serum 

antibody titer �����
� 1:10,000 ��� #� antibodies ��� reactive $
� Stx-2A ��� Stx-2B �#%��

$���!��	 Western blot analysis $
� SDS-PAGE-separated Stx-2-IEC �[���%��>��$����� 1 

X[��#� serum antibody titer 1:12,800 $
� homologous antigen �*+� spleen cell donor X[��

��#��� aliquoted fused cells ��
� tissue culture wells �!� 1,088 "'�
�#� 229 wells (21%) 

���#� growing polyhybrids �	
�����?!�"'�
�#��"�	� cells ��� tissue culture well �"�	�>�^#

�!�	������������$�'�!�$
� Stx-2B �[��&� cells ��� well ����* monocloning ���"'�
��!� 8 

hybridomas X[�����$ MAb $
� Stx-2B ��� immunoglobulins �*+� �2a� �!���%�� clone /%�� 

13D2 ����&�>��'���$ MAb $
� Stx-2B �&�>��'
/��*+� antigen detection reagent $
��* �#%��

clone 13D2����]�$�'�$�$?#��� "'�
� spent culture medium #� indirect ELISA titer 1:2,560 

(25,600 EU/ml)

��%������
� first cell fusion �#
��#������$ hybridomas X[��#����#�&��"��$
� 

Stx-2A !�������"%��
>�#� hybridomas X[��>���� MAb $
� Stx-2A �[��!�
/� immunized mouse ��� 

1 $�� X[��#� serum antibody titer 1:25,600 $
� homologous antigen 
�����&� cell 

hybridization ��������>�[�� ��� tissue culture wells �&���� 1,612 wells "'�
��^� wells #� 

growing hybrids (100%) ��� 460 wells (28.5%) 
>����$�'�!�$
� Stx-2-CF �������	�!��&�

�X��~��� 13 wells �*�&� monocloning ����!� hybridomas 23 clones X[�����$ MAb $
� Stx-
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2A subunits ��� immunoglobulins �*+� � (�1 >�%� �2a) �!���%�� clone 26F9 X[�� secrete 

MAb /��! �1 
� spent culture medium ����X��~����]�$?#������#� indirect ELISA titer 

1:160 (1,600 EU/ml) ���
/�
��������	$
��* $������� 2.3 ��!���	�����	!��� hybridomas 

$
� Stx-2

�^��#'�$�$
��@ ��� clone 13C9 (MAb $
� O157 LPS), 11G3 (MAb $
� Stx-1A), 

3D4 (MAb $
� Stx-1B), 26F9 (MAb $
� Stx-2A) ��� 13D2 (MAb $
� Stx-2B) �!���!����
�

$������� 2.4 �&�>��' Western blot patterns 
� Blocks I, II ��� III �����*��� 2.10 $�#�&�!�' 

��!�
>��>?� antigenic specificities �!���!����
�$������� 2.4

��*��� 2.11 ��!�$���	
�� hybridoma clone 
� tissue culture
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�������
 2.2 List of hybridomas generated against Stx-1 and the characteristics of their 

secreted monoclonal antibodies

No. Hybridoma Specific to

subunit of

Stx1*

Indirect

ELISA titer

ELISA units

(EU/ml)**

Max. Stx1 dose

neutralized by

MAb***

IgG

subclass

1 1E11B5 A-subunit 1: 160 1,600 nd nd

2 1E11B6 A-subunit 1: 320 3,200 nd nd

3 1E11C2 A-subunit 1:160 1,600 <10CD50 IgG2a, �

4 1E11C4 A-subunit 1:320 3,200 <10CD50 IgG2a, �

5 1E11C10 A-subunit 1:320 3,200 nd nd

6 3C9B5 B-subunit 1:160 1,600 �1000CD50 IgG1, �

7 3C9B10 B-subunit 1:320 3,200 nd nd

� 8 3C9D4 B-subunit 1:320 3,200 �1000CD50 IgG1, �

9 6C8F7 B-subunit 1:320 3,200 �1000CD50 IgG1, �

10 6C8G7 B-subunit 1:160 1,600 �1000CD50 IgG1, �

11 6G5A4 A-subunit 1:160 1,600 nd nd

12 6G5A5 A-subunit 1:320 3,200 nd nd

13 6G5A6 A-subunit 1:160 1,600 nd nd

14 6G5B9 A-subunit 1:640 6,400 10CD50 IgG1, �

15 6G5C4 A-subunit 1:160 1,600 10CD50 IgG1, �

16 8B4E4 A-subunit 1:640 6,400 nd nd

17 8B4E7 A-subunit 1:640 6,400 10CD50 IgG1, �

18 8B4E9 A-subunit 1:1280 12,800 nd nd

19 8B4F6 A-subunit 1:640 6,400 nd nd

20 8B4G3 A-subunit 1:640 6,400 nd nd

21 8B4H2 A-subunit 1:1,280 12,800 nd nd

22 8B4H4 A-subunit 1:1,280 12,800 10CD50 IgG1, �

23 9G6E4 A-subunit 1:640 6,400 10CD50 IgG1, �

� 24 11E3G3 A-subunit 1:1,280 12,800 100CD50 IgG1, �

25 11E3G11 A-subunit 1:1,280 12,800 100CD50 IgG1, �

26 11E3H2 A-subunit 1:640 6,400 nd nd

27 12D7B3 B-subunit 1:640 6,400 nd nd

28 12D7B4 B-subunit 1:160 1,600 100CD50 IgG1, �

(�������	
��
)
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 �������
 2.2 List of hybridomas generated against Stx-1 and the characteristics of their

secreted monoclonal antibodies (cont.)

No. Hybridoma Specific to

subunit of

Stx1*

Indirect ELISA

titer

ELISA units

(EU/ml)**

Max. dose of

Stx1 neutralized

by MAb***

IgG

subclass

29 12D7B5 B-subunit 1:640 6,400 nd nd

30 12D7B10 B-subunit 1:1,280 12,800 100CD50 IgG1, �

31 12D7C10 B-subunit 1:1,280 12,800 nd nd

32 12D9E11 A-subunit 1:640 6,400 10CD50 IgG1, �

33 12D9F3 A-subunit 1:320 3,200 nd nd

34 12D9F6 A-subunit 1:320 3,200 nd nd

35 12D9F7 A-subunit 1:320 3,200 nd nd

36 12D9G3 A-subunit 1:160 1,600 10CD50 IgG1, �

37 12D9G5 A-subunit 1:640 6,400 nd nd

38 13C10C11 A-subunit 1:640 6,400 10CD50 IgG2a, �

39 14B8C2 B-subunit 1:320 3,200 �1000CD50 IgG2b �

40 14B8D4 B-subunit 1:1,280 12,800 �1000CD50 IgG2b �

41 16D5B7 A-subunit 1:640 6,400 nd nd

42 16D5B9 A-subunit 1:640 6,400 nd nd

43 16D5B11 A-subunit 1:640 6,400 nd nd

44 16D5C1 A-subunit 1:640 6,400 nd nd

45 16D5C5 A-subunit 1:80 800 nd nd

46 16D5C11 A-subunit 1:1,280
12,800

nd nd

47 16D5C12 A-subunit 1:1,280 12,800 10CD50 IgG1, �

48 16D5D1 A-subunit 1:640 6,400 nd nd

49 16D5D2 A-subunit 1:320 3,200 nd nd

50 16D5D7 A-subunit 1:640 6,400 nd nd

51 16D5D12 A-subunit 1:1,280 12,800 nd nd

* = The subunits of Stx1 were specified by the locations of the reaction bands on NCM

** = One indirect ELISA unit was the smallest amount of the antibody in 100 �l of the

MAb preparation that still gave the positive ELISA reaction (OD � 0.05)

*** = The highest amount of Stx1-IEC that can be neutralized by 1ml of undiluted MAb.

The data are expressed as the number of CD50 of Stx1-IEC

nd = not done

� = Monoclone chosen for further characterization of their MAb
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�������
 2.3 Hybridomas generated against Stx-2 and the characteristics of their 

secreted monoclonal antibodies

No. Hybridoma Specific to

subunit of

Stx2*

Indirect ELISA

titer

ELISA units

(EU/ml)**

Max. dose of

Stx2 neutralized

by MAb***

IgG

subclass

� 1 1D10D7 A-subunit 1:20 200 nd IgG2a �

� 2 1D10H6 A-subunit 1:10 100 nd IgG2a �

3 3D11B8 A-subunit 1:160 1,600 nd nd

4 3D11D2 A-subunit 1:80 800 nd nd

5 3D11E3 A-subunit 1:160 1,600 nd nd

6 3D11F3 A-subunit 1:160 1,600 <10CD50 nd

� 7 3D11G7 A-subunit 1:160 1,600 <10CD50 nd

8 3D11H8 A-subunit 1:320 3,200 nd IgG1 �

9 3E9C11 A-subunit 1:320 3,200 100CD50 IgG2a �

10 7D8C10 A-subunit 1:10 100 nd nd

� 11 7D8D2 A-subunit 1:160 1,600 100CD50 nd

12 7D8H8 A-subunit 1:20 200 <10CD50 IgG1 �

13 8B7C4 A-subunit 1:80 800 nd nd

14 8B7E7 A-subunit 1:160 1,600 <10CD50 IgG1 �

15 8B7F4 A-subunit 1:40 400 nd nd

16 8B7H6 A-subunit nd nd nd nd

17 26E9B3 A-subunit 1:80 800 nd nd

18 26E9C1 A-subunit 1:160 1,600 nd nd

19 26E9C5 A-subunit 1:160 1,600 100CD50 nd

20 26E9C6 A-subunit 1:160 1,600 nd nd

21 26E9D9 A-subunit 1:80 800 nd nd

(�������	
��
)
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�������
 2.3 Hybridomas generated against Stx-2 and the characteristics of their 

secreted monoclonal antibodies (cont.)

No. Hybridoma Specific to

subunit of

Stx2*

Indirect ELISA

titer

ELISA units

(EU/ml)**

Max. dose of

Stx2 neutralized

by MAb***

IgG

subclass

22 26E9D11 A-subunit 1:160 1,600 nd nd

� 23 26E9F9 A-subunit 1:160 1,600 100CD50 IgG1 �

24 13D4C2 B-subunit 1:640 6,400 nd IgG2a �

25 13D4C4 B-subunit 1:640 6,400 1000CD50 IgG2a �

26 13D4C8 B-subunit 1:640 6,400 nd IgG2a �

27 13D4C9 B-subunit 1:1280 12,800 nd IgG2a �

28 13D4C10 B-subunit 1:1280 12,800 nd IgG2a �

� 29 13D4D2 B-subunit 1:2560 25,600 1000CD50 IgG2a �

30 13D4D3 B-subunit 1:1280 12,800 nd IgG2a �

31 13D4D5 B-subunit 1:2560 25,600 100CD50 IgG2a �

* = The subunits of Stx2 were specified by the locations of the reactive bands on

NCM

** = One indirect ELISA unit was the smallest amount of the antibody in 100 �l

of the MAb that still gave the positive ELISA reaction (OD � 0.05)

*** = The highest amount of Stx1-IEC that can be neutralized by 1 ml of undiluted

MAb.  The data are expressed as the number of CD50 of Stx2-IEC

nd = not done

� = Clones which their MAb had cross-reactivity to some heterologous antigens.

� = Monoclones which their MAb were chosen for further characterization
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�������
 2.4 Specific hybridomas, their secreted Ig isotypes, antigenic specificities of

their MAb, and the indirect ELISA titers of their culture fluids at stationary

phase of in vitro growth

Ig IsotypesHybridoma

clone
H chain L chain

Antigenic specificity

of MAb revealed by

WB

Reciprocal indirect

ELISA titer against

homologous antigen

13C9 �� � O157 LPS 2,048

11G3 �	 � Stx-1A 1,280

3D4 �	 � Stx-1B 320

26F9 �	 � Stx-2A 160

13D2 �2a � Stx-2B 2,560
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�46��
 2.10 Western blot (WB) patterns of monoclonal antibodies secreted by the

selected hybridomas, i.e., clone 13C9 (Block I), clones 11G3 and 3D4

(Block II) and clones 26F9 and 13D2 (Block III) against SDS-PAGE-

separated homologous antigens

Numbers at left of all blocks are molecular weight in kilodaltons

Lanes A of all blocks are standard molecular weight markers

Lanes B, C and D of block I are WB patterns of mouse immune serum, MAb 13C9 and

culture fluid of P3x-63-Ag8.653 myeloma cells, respectively against the SDS-PAGE-

separated O157 LPS

Lane B of block II is SDS-PAGE-separated purified Stx-1 stained with Amido black.

Lanes C-G are WB patterns of mouse immune serum, MAb 11G3, MAb 3D4,

combination of MAb 11G3 and MAb 3D4 and culture fluid of P3x-63-Ag8.653 myeloma

cells, respectively against the SDS-PAGE-separated pure Stx-1

Lanes B, C and D of block III are WB patterns of mouse immune serum, MAb 26F9 and 

MAb 13D2, respectively against the SDS-PAGE-separated Stx-2-IEC
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�46��
 2.11 Representative hybridoma in tissue culture
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1.4 )"�������(�'
������'"#������#-'��'"# identify ����
������
�	��%�
�%	�

�������)4>6N��

1.4.1 ��������� antigen detection reagents �"%��$���>����$����$
��@ 
� stools 

��� rectal swab cultures !�����

Detection antigen �&�>��'$���>� O157 LPS �!���
 monoclonal antibodies 

(MAb) ��� clone 13C9 (specific $
� E. coli O157 LPS)

Detection reagent �&�>��'$���>� Shiga-toxin 1 �!���
 combination of MAb ��� 

clones 11G3 (specific $
� Stx-1A) ��� 3D4 (specific $
� Stx-1B)

Detection reagent �&�>��'$���>� Shiga-toxin 2 �!���
 combination of MAb ��� 

clones 26F9 (specific $
� Stx-2A) ��� 13D2 (specific $
� Stx-2B)

�!	�$��	#
>��$
�� preparation #���%�� antibodies $
� specific epitope 80 indirect 

ELISA units (80 EU) $
� 1 #�.

1.4.2 )"�������(�'
������$
� enterohemorrhagic E. coli <����
�	��


&����#'"# rectal swab cultures ���)4>6N��

������
/����� dot-ELISA �!	
/� MAb ��"�������� 1.4.1 �*+� detection reagents

�!���!�����

1. #�$���	
���̂�����/rectal swab cultures �&���� 9 $���	
���������>#! 546 $��

�	
�� ���
>���'���!	���� MAb-based dot-ELISA �%�

Stool samples ������*_�	/��]��*^_����� 5 $���	
��

Rectal swab cultures ������*_�	/����	 4 $���	
�� ��� 499 $���	
��

$���	
���̂�����/rectal swabs �&���� 537 ��� 546 $���	
��#������$���>�

���$��������/%�� enterohemorrhagic E. coli �!	 MAb-based dot-ELISA �*+��'�!���
  495  

$���	
��������*_�	/����	���  42 $���	
��������*_�	/�����	!��#

2. Stool samples 5 $���	
�� ������*_�	/��]��*^_����
>���'�� �!	 dot-ELISA #�

��	�����	!�%�

2 $���	
��
>��� O157 LPS
+
, Stx-1

-
, Stx-2

+

1 $���	
��
>��� O157 LPS
+
, Stx-1

+
, Stx-2

-

1 $���	
��
>��� O157 LPS
+
, Stx-1

+
, Stx-2

+
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1 $���	
��
>��� O157 LPS
 -
, Stx-1

+
, Stx-2

+

3. Rectal swab samples ������*_�	/����	 4 $���	
�����
>��� dot-ELISA �*+�

'�� #���	�����	! !�����

1 ��	
>��� O157 LPS
+
, Stx-1

-
, Stx-2

-

3 ��	
>��� O157 LPS
-
, Stx-1

-
, Stx-2

+

1.4.3 )"������#-'�� '"# identify ����
�����������Q��'"#��� confirm �>��

PCR ���

����(����$
� O157 LPS '"# stx-1 '"# stx-2

����"��-�	���� identify �/%�����$���	
���̂������������&� PCR �"%��>� O157 

LPS gene, stx-1 ��� stx-2 
�$���	
������^�����������*_�	/��]��*^_� �&����>���*��'�$�����^�

/�����	���� Tokyo Metropolitan Research Laboratory of Public Health, Tokyo, Japan 

�!	 Dr. Akemi Kai �*+�����&������?'������!��'������#%���!�������!��'!��	 dot-ELISA 

�����[��&�#� reveal "'�
��!���$������^�*����� �%�

�*+� E. coli O157 4 isolates

2 isolates �*+� Stx-1
-
, Stx-2

+

1 isolates �*+� Stx-1
+
, Stx-2

-

1 isolates �*+� Stx-1
+
, Stx-2

+

����*+� E. coli serogroup �%�� 1 isolate �%� non-O157 E. coli Stx-1
+
, Stx-2

+

����"��-�	���� identify �/%����� rectal swab cultures ������*_�	/����	�&�������

"	�'��"����#����� ���>��!�"/�'^�� �&���� 499 ��	 �
������"��-�	���� identify �/%��

���$���	
�����*_�	/�����	!��# 42 ��	 �&���� “108” Hospital, Hanoi

����^*�������"��-�	���� identify �/%��������$���>����$����
�$���	
���!	 

MAb-based dot-ELISA �!���!����
�$������� 2.5
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�������
 2.5 ������"��-�	���� identified �/%�� ��� MAb-based dot-ELISA �"%��$���>�

���$����
�$���	
���̂�����/rectal swab cultures �&���� 628 $���	
��

�/%�����$���"' (�&����$���	
��) �>�
����#����$���	
�� ����� MAb-based dot-ELISA

�#%��
/� MAb ���#����#��"��$
�

O157 LPS Stx-1 Stx-2

���
�	����
)" dot-ELISA �6U�-��

E. coli O157 (2) /��]��*̂_� + - +

E. coli O157 (1) /��]��*̂_� + + -

E. coli O157 (1) /��]��*̂_� + + +

E. coli non-O157 (1) /��]��*̂_� - + +

Untypeable E. coli (1) /����	 + - -

Untypeable E. coli (3) /����	 - - +

���
�	����
<(>)" dot-ELISA �6U�"-

Aeromonas hydrophila (2) /����	 - - -

Enteropathogenic E. coli (8) /����	 - - -

Plesiomonas shigeloides (9) /����	 - - -

Salmonella spp. (67) /����	 - - -

Salmonella spp. and Shigella spp. (5) /����	 - - -

Salmonella spp. and Vibrio parahaemolyticus (2) /����	 - - -

Shigella spp. 40 Vietnamese, 58 Thai - - -

Staphylococcus aureus (7) /����	 - - -

Vibrio parahaemolyticus (42) /����	 - - -

Vibrio cholerae Ogawa (1) /����	 - - -

No pathogens were isolated (378) 2 Vietnamese, 376 Thai - - -

+, dot-ELISA positive

-, dot-ELISA negative
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1.5 Multiplex PCR ���

����(����$
� O157 LPS '"# stx-1 '"# stx-2

��%������
�����"��-�	���� identify �/%������^�����/rectal swabs ������*_�	X[��

�&� ������"	�'��"����#����� ���>��!�"/�'^���!	*�$���	����"�	��
�
� rectal swab

cultures ������*_�	�̂������
�� $���"' E. coli �!	�#
"' pathogens �%�� �$
�#
�!��&�

serogrouping >�%� serotyping ����/%�� E. coli ���"' ��#�����#
��?'�/%�� E. coli ���!��	 (>�
�	

'��������>���*��'�$�����^�/�����	�������"	�'���
��
>]
�#
��?' E. coli ����"���"'#��

�^���� ����	����"�	� enteropathogenic E. coli ��
�����) �[��#
#� E. coli isolates ������*_�	

/����	 4 ��	 (X[�������$���>����$�����!	���� dot-ELISA �*+�'��)  �&�>��'#�$���>�

O157 LPS >�%� Stx-1 ��� Stx-2 >�%��&� PCR ����/%���!	$���!�

!�������������	�[��!��&� rectal swab samples ������*_�	���
>��� dot-ELISA �*+�'������

4 ��	#�
/��*+� DNA template �����!	$�� >�%�����������! DNA !��	����#�$����������
/�

Chelex �����&�#��&� multiplex PCR �"%��>� DNA ��� O157 LPS, Stx-1 ��� Stx-2 �!	�!�

��' Primer mixture #���� Professor Dr. Shinji Yamasaki, Research Institute International

Medical Center of Japan �$
��%������ multiplex PCR primers �!�����'�$�����[��#
��#���

�*�!��	 content ��� sequences ��� primers �!� �	
�����?!� PCR amplicons ��� O157

LPS, stx-1 ��� stx-2 DNA X[�� amplify �!	 multiplex primers #����! 457 bp, 349 bp ���

112 bp $�#�&�!�'

PCR reaction mixture *����'!��	

- 17.35 �l sterile ultra-pure distilled water

- 2.5 �l dNTP mixture (2.5 mM each, Takara Co., Japan)

- 3 �l ��� 10 � PCR buffer

- 3 �l each of primer (10 pM/�l)

- 0.15 �l Taq DNA polymerase (5U/ml, Perkin Elmer, USA)

- 1 �l DNA template

PCR condition �!���


- Initial warming ��� 94� C, 5 ����

- 35 cycles of denaturation ��� 94� C, 1.5 ����

- Annealing ��� 55� C, 1.5 ����

- Extension ��� 72� C, 1.5 ����

- Final extension ��� 72� C, 7 ����
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�!	
/� Thermal Cycler Gene Amp
 PCR System model 9700, PE Applied

Biosystem, Perkin-Elmer, USA

�&� PCR products �* electrophoresed 
� 2% agarose 
� TAE buffer, pH 8.0 ���

80 Volts �*+����� 30 ���� >�%��#%�� dye font ���%�������*���!���	�����[�*��#�� 60% ���

gel length �&� gel �*	��#!��	 ethidium bromide solution (0.5 �g/ml) �*+����� 15 ���� ����

!��	��&����������!� amplicons !��	 UV Transilluminator (Fotodyn Incorporation, Wisconsin,

USA) �!	
/� clinical isolates �%� E. coli O157 ���#� stx-1 ��� stx-2 �*+� positive controls

"'�
� �#
��#��� amplify DNA ��� O157 LPS ��� stx-1 ��� stx-2 ��� rectal swab

samples ������*_�	/����	 4 ����� �����$���!��	 MAb-based dot-ELISA 
>��� positive

�!	 MAb $
� O157 LPS (1 sample) ��� 3 samples ��� positive �!	 MAb Stx-2 �!� 
����

��� positive controls 
>���$������^�*����� (�*�!!���*��� 2.12)
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�46��
 2.12 )" multiplex PCR ���

 amplify genes of O157 LPS, stx-1 '"# stx-2 <�

stool samples *X
�<(>)"-����� MAb-Based dot-ELISA

1, marker (� � 174 HaeIII)

2, negative control

3, positive control O157, stx-1

4, positive control O157, stx-2

5-8, stool samples which were dot-ELISA-positive (�#
��#��� amplify �!� ����


��
� stool samples #� Taq polymerase inhibitors) �[��*���	��*�&� Western 

blotting ��� Vero cytotoxicity test ��� ���"'�
�$���	
��#� O157 LPS (��*��� 

2.13) >�%� Stx ���� (�#
�!���!���)
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�*+�������'����!	�����*�
���� amplify DNA ��� stool samples �#

��
�!���!���� 

��������"��� stool samples #��#� Taq DNA polymerase inhibitors �'���  ������ positive 

controls 
>������$����*+��"��� positive controls �*+� pure isolates �#

/
 stool sample ���

�"%��	%�	���
� stool samples #� DNA polymerase inhibitors ��������!�
�
 positive controls ��


� stool samples �����&��*�&� PCR �/
��!�# ��*�����
��#
��#��� amplify DNA ��� 

positive controls 
� stool samples �!� ��!��
� stool samples #� PCR inhibitors ����

1.6 Western blot analysis '"# Verocytotoxicity test ���

����(� O157 LPS

'"# Stx-2 <� MAb-based dot-ELISA positive rectal swab samples

�!��&� rectal swab cultures ������*_�	���� 4 ��	���
>���'��$
� MAb-based dot-

ELISA �* dialysed 
���&���������� lyophilized �"%�� concentrate ��������&��* run 
� SDS-

PAGE �����&� Western blot analysis �!	
/� MAbO157 LPS �&�>��'$���	
����� MAb-dot-

ELISA 
>���'�� O157 LPS ���
/� MAbStx-2 
� Western blot analysis ��� samples ��� 

dot-ELISA 
>���'�� Stx-2

����� Western blot analysis (WB) "'�
� 
� rectal swab sample ���
>���'�� 

MAbO157 LPS #� O157 LPS �	�
�����!	 WB 
>����*+� smear pattern ��' MAbO157 LPS 

��� clone 13C9 (�*�!!���*��� 2.13) 
������� rectal swab samples ���
>���'�� MAbStx-2 

dot-ELISA #���#
�>?� bands ��� Stx-2 �#
�
����*+�$��$&��>�
� Stx-2A (
 33 kDa) >�%� 

Stx-2B (
�7.0 kDa) �?$�#

!������ rectal swab samples ������# samples �[�����&��*�!��' Vero cytotoxicity 

test �!	�&��*�����
�� millipore membrane �"%���&�
>�*��!�/%�������&��*�$�#��
� Vero 

cell culture ��*�����
�������# samples �
�
>����! cytopathic effect $
� Vero cell ���� �!	

#����>�^!����X��~�/
��!�	���'�������!����
���* 2.11(b) X[����!��
�������#$���	
��#� Shiga-

toxin �	�
���� �	
�����?!�$���	
��������#$���	
��#�*��#���#
�"�	�"�������&� neutralization test

�!	 MAbStx-2A + MAbStx-2B >�%�
/� polyclonal antibodies $
� Stx-2 �!�
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�46��
 2.13 Western blot pattern $
� rectal swab culture $
�)4>6N��*X
�)"���

�����>�� MAb-based dot-ELISA �6U�-�����

<�> MAbO157 LPS ���

clone 13C9 �6U� detection reagent

Lane 1, molecular weight markers

Lane 2, WB of the dot-ELISA positive control (E. coli O157 LPS)

Lane 3, WB of O157 LPS positive sample
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II. ���YX�@�����
 Shiga- toxin producting E. coli  (STEC) ������
�	��
&����#��� -

���� <�6�#��Y!�� '"#���YX�@� genotypes '"# phenotypes �	��/

Shiga-toxin producing E. coli (STEC) >�%� Verocytotoxin producing E. coli >�%�

enterohemorrhagic E. coli (EHEC) X[���*+����>$^��� hemorrhagic colitis (HC) ���/>�%�

hemolytic uremic syndrome 
������� �*+�������'���!��
�#� ���-���	 �*+� reservoir host ��

��$�!�/%���!	���'���|����$|���~��� ���-���	 ���#� E. coli �>�
����*��*�����	�
 �/
� !%�#�# ��'

*�������%��'! �/
� �}#�'��~����~����#
�^� ��'*��������!�'���
/�#�����-���	�*+�*^�	 >�%� ��&�

���
/��!�������������#����*��*�����̂��������-���	 �!	�#
�!�����
>�����! �*+�$�� �����'�!

������$�!�/%�� EHEC #���	���'
�	@ 
�*����\���"�������� �/
� ]��*^_� ����!� �	��#�� 

������ ��?�$���!~ ����$����	 �*+�$�� �&�>��'
�*����\��	 ���#������	���'�/%�� EHEC

>�%� STEC #����	#�� '"#���

��������������
�%�
<��������$
����������
��&�% ����

����	
���
 2 !�>%Z������	
��Z�(����"� �[#)4>������X�!�>$�����������

�!6<�%	��$
�

���%Z����(�����
 STEC <�
&����#$
����-����<�6�#��Y!�� ������� YX�@� 

genotypes '"# phenotypes $
�����
�("	�����>��

��	�����	!����������	#�!��$
��*���

1. ��� isolate ����
 STEC ���
&����#���-����

�!���?' fecal samples ����̂��������-���	 �������	��!	/��'���'�������'@ 

��^���"#>���� ������>��!�%��@ �&���� 139 $���	
���!	��?'*��#��$���	
���� 100 ���# 


�

��^�"���$������!�����&����'�*	��>���*��'�$��������� �#%���[�>���*��'�$�����!� incubate 

$���	
���$
��$���	
��*��#�� 1 loop 
�
��
� EC broth ���� enriched ���
� shaking 

incubator 37�C ���#�%� >�����������&� culture #�$���>��
�#� Shiga-toxin producing E. coli

(STEC) ��� E. coli O157 >�%��#
�!	���� multiplex PCR ��������&�$���	
�����
>���'���*�&� 

serial dilution 
� PBS �&� dilution 10
-5
 ��� 10

-6
 *��#�� 100 �l �* spread ��'� Mac 

Conkey agar plates ���� incubate ��� 37�C, 24 /����#� ������� picked colonies ����$
�� 

plate *��#�� 50-60 colonies $
� plate �* screen >� O157, stx-1 ��� stx-2 �!	 

multiplex PCR ��������>�[�� ��?' colonies ���
>���'������&�>��'���\[���$
��*

2. PCR ���

��� detect E. coli O157, stx-1 '"# stx-2

�!�
/� primers X[��$�"�#"~��������!	 Pal et al. (1999) �!���
��
��� 1 �%� EVT1 5�-
CAACATGGATCTCAG-3�; ��� EVT2-5� CCCCCTCAACTGCTAATA-3�; ��
��� 2 �%� EVS-

5� ATCAGTCGTCACTCACTGGT-3�, ��� EVC2-5� CTGCTGTCACAGTGACAAA-3� �"%�� 
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amplify stx-1 ��� stx-2 $�#�&�!�' �
�� primers �&�>��' E. coli O157 �*+� patent 

sequences ���'�����
�*����\]��*^_� �[��#
��#����*�!��	�!�

����$������&� PCR #�!�����

�&� bacterial culture ��� enrich �������#� dilute 
� TE ����$�#
���&��!%�! 20 ���� 

���
/� sample ���$�#��������*+� PCR template �
�� PCR reaction mixture *����'!��	 

ultra-pure distilled water 9.125 �l, primers �$
��$�� 3 �l (10 �M), dNTP mixture 2.5 �l 

(2.5 mM �$
��$��), Tag DNA polymerase 0.375 �l (2 units/�l) ��� DNA template 3 �l 

�
�� PCR condition �!���
 ��� warm ��� 94�C 5 ���� ���� denaturation 35 cycles ��� 94�C 

�*+����� 1.5 ���� annealing ��� 55�C �*+����� 1.5 ���� extraction ��� 72�C, 1.5 ���� ��� 

final cycle extraction 7 ���� ��� 72�C �!	
/� Thermal Cycler GeneAmp
 PCR System 

Model 9700, PE Applied Biosystem Perkin Elmer, U.S.A. ��������&� amplicons �* 

electrophoresed 
� 2% agarose 
� TAE (Tris-acetate EDTA, pH 8.0) buffer ��� 100 volts 

*��#�� 30 ���� >�%��#%�� dye font ���%�������**��#�� 60% ������#	����� gel �[�>	^!

���������������&� gel �*	��#!��	 ethidium bromide (0.5 �g/ml) �*+����� 15 ���� ����!� 

amplicons !��	 UV trans-illuminator �!	 positive results ��"'�
�#� amplicons ���! 450 

bp, 349 bp ��� 112 bp �&�>��' E. coli O157, stx-1 ��� stx-2 $�#�&�!�' (��*��� 2.14)

�&� enriched culture X[��
>��� positive PCR �* plate ��'� Mac Conkey agar 

���� incubate ��� 37�C �*+����� 24 /����#� picked colonies 50-100 single colonies �* 

screened >� gene ��� E. coli O157, stx-1 ��� stx-2 �!	 multiplex PCR �/
��!�	���'���

���'�	�����������$��

"'�
����$���	
���̂�������� 139 samples #� 27 samples ���
>���'�� O157, stx-1

���/>�%� stx-2

�#%���&��$
�� colonies ��� 27 $���	
�����
>��� multiplex PCR �*+�'���*$���>� 

O157, stx-1 ��� stx-2 ��������>�[��"'�
� 48 colonies (strains) 
>���'��
� 49 isolates ��� 

22 isolates (44.9%) 
>���'������ stx-1 ��� stx-2 ��� 22 isolates (44.9%) 
>���'����"�� 

stx-2,  4 isolates 
>���'�� stx-1 (8.2%) �"�	��	
���!�	� ��� 1 isolate (2%) 
>���'�� E. 

coli O157 amplicon ($������� 2.6) STEC isolates ����!����&��*\[��� genotypes �%��@��� 

phenotypes $
��@ �/
� $���>� O157 LPS, Stx-1 ��� Stx-2 !��	 MAb-based dot-ELISA 

$���>� hemolysin �!	
/� blood agar plates $���>� Shiga toxin !��	 Vero cytotoxic 

assay $���>� serogroups ��� serotypes �!	 polyvalent ��� monovalent antisera ���

�������!�\[��� plasmid profiles ���rRNA �!	 ERIC-PCR �[����#��#"���~
���!�' genome 

����/%�����
/����� PCR �"%��>� virulence genes �%��@ �/
� eae, hlyA, etpD ��� katP !��	
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�������
 2.6 Phenotypic and genotypic characteristics of the 49 E. coli isolates

Sserogroup O157

LPS

Hemolysis Vero-

cytotoxicity

Chromosomal genes Plasmid genes Resistotype*Sample

no.

Strain

code

stx1 stx2 eae tir etpD hlyA katP O157

1

3

5

9

12

14

20

27

50

52

53

58

59

62

68

69

84

89

90

91

93

115

119

120

125

127

130

TC 1-16

TC 1-17

TC 1-21

TC 1-22

TC 3

TC 5-7

TC 9-28

TC 12

TC 14-3

TC 14-5

TC 20-7

TC 27-32

TC 50-22

TC 50-25

TC 50-28

TC 52-2

TC 52-6

TC 53-4

TC 58-2

TC 58-3

TC 58-6

TC 59-1

TC 59-3

TC 59-10

TC 62-24

TC 68-8

TC 68-76

TC 69-5

TC 84-6

TC 84-10

TC 89-3

TC 89-43

TC 90-1

TC 90-2

TC 90-5

TC 90-42

TC 90-48

TC 91-39

TC 93-28

TC 115-21

TC 119-21

TC 120-3

TC 120-12

TC 125-9

TC 127-2

TC 127-5

TC 130-22

TC 130-24
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ONT

ONT

ONT

Rough

O15

ONT
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S

R

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

ONT = untypable
ND = not done
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3. MAb-based dot-ELISA ���

����(� O157 LPS, Stx-1 '"# Stx-2 (Chaicumpa et 
al., 1998b)

�&��/%��X[���
�� enrichment ��� 37�C ���#�%�*��#�$� 500 �l �*$�# 30 ���� �
���&�

�*�!��'!��	 dot-ELISA �!	>	! sample �� 3 �l ��'� NC strips, blocked ���� reacted 

��' MAb �$
�� specificity �%� O157, Stx-1 ��� Stx-2 �
�� control NC strip X[��>	! 

samples ����/
��!�	����
>� reacted ��' spent medium ��� P3x-63-Ag8.653 myeloma cells 

���� NC strips >������ incubated ��' MAb >�%� medium control 20 ���� �&� NC strips ����

��
�*�̂
#
� rabbit anti-mouse immunoglobulin-enzyme conjugate �*+����� 20 ���� ��������

�&��* reacted ��' substrate �"%�� develop ��

4. ERIC-PCR


/� genomic DNA �*+� template ���
/� ERIC Primers �%�:

IR 5�-ATGTAAGCTCCTGGGGATTCAC-3�
��� 2 5�-AAGTAAGTGACTGGGGTGAGCG-3�

PCR reaction mixture *����'!��	 ultra-pure distilled water 28.5 �l, 10 � PCR 

buffer 5 �l, primers �$
��$�� (10 �M) 5 �l, dNTP mixture (2.5 mM �$
��$��) 4 �l, Taq 

DNA polymerase (5 units/�l) 0.5 �l ��� DNA template 2 �l

PCR condition �%�:

initial warming 94�C, 2 ����

denaturation 25 cycles ��� 94�C, 1 ����

annealing ��� 65�C, 1 ����

extension ��� 72�C, 1 ����

�!	
/� Thermal Cycler GeneAmp
 PCR System model 9,700, PE Applied 

Biosystem, Perkin-Elmers, USA

�&� Amplified product ����!��* electrophoresed 
� 2% agarose 
� TAE (Tris-

acetate EDTA, pH 8.0) buffer ��� 100 volts �*+����� 30 ���� �����[��� stain gel !��	 0.5 

�g/ml ethidium bromide �*+����� 15 ���� ����!� amplicons !��	 UV Trans-illuminater 

(Fotodyn Incorperation, Wisconsin, USA)

5. ���YX�@� Plasmid profiles

�$��	# plasmid DNA ��� STEC �!	�����!��� culture �������	����#�%�
� broth 

*��#�$� 3 ml �!	
/� alkaline lysis method $�#������� Kado ��� Liu (1981) �&� plasmid 
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�* electrophoresed 
� 0.5% agarose gel �!	
/� TAE buffer ����	��# gel !��	 ethidium 

bromide ����$���!�!��	����� UV !������$�� �!	�� estimate molecular sizes ��� plasmid 

!��	����*��	'���	'������%��������' plasmids ������'���!�#���^��	�
���� (extract ��� E. 

coli EDL 933 reference strain)

6. ����Z� serogrouping '"# serotyping

���&� positive STEC isolates �*$���>� serogroups ��� serotypes �!	������� 

Bettelheim ��� Thomson (1987) ��� Chandler ��� Bettelheim (1974) $�#�&�!�' �!	��


/� full range O sera (O1 to O169) ��� H sera (H1 to H56) $�#�&�!�'

7. Cytotoxic assay

�*�!!������&�
��������	
�	��� 2

8. Hemolytic activity testing

�� streak �'������	��'� tryptic soy agar (Difco) plate X[��#� 5% washed human 

blood cells ��#�	�
 >������ incubate plate *��#�� 18 /����#� ��� 37�C �[�$���!��
�#� 

hemolysis ��'@ bacterial colonies >�%��#
 (Schmidt et al., 1999)
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)"��������

�����\[��� virulence genes $
��@��� plasmid profiles ����/%�� E. coli ����	��!�

���������� 49 ��	"���^~�!���!����
�$������� 2.6

���\[��� plasmid profiles ����/%������ 49 isolates "'�
���#����	��!��*+� 8 ��^
# 

$�#$������� 2.7

��#�����^*�����\[��� phenotypes ��� genotypes �!�!�����

1. ��� 49 isolates "'�
�#��"�	� strain TC9-28 ("' amplicon ��� gene O157) 

��
��������
>���'�� MAb-based-dot-ELISA $
� monoclonal antibodies ��"��$
� O157 LPS

2. �&���� (	����� TC9-28) 48 isolates 
>��� Vero cytotoxic assay �*+�'�� ��!�

�
��/%��#����#��#���
�������$ Shiga toxin �!�����

3. 37 isolates ��� 49 isolates ���$ hemolysin ����&�
>����! �-hemoysis (�#

/
 

typical enterohemolytic phenotype) �%� zone �� clear #����!
>]
�>?��!�/�!|�	>��� 

incubate �/%������*��#�� 18 /����#�

4. Virulence gene profiles #�!�����:-�&������	"���^~���#� genes eae, tir, etpD, hlyA

��� katP �%� 2, 2, 0, 38, ��� 3 strains $�#�&�!�' �!	 isolates ���
>���'�� eae gene 

(encode intimin adhesin) �%� TC3 ��� TC12 X[��������� isolates ���
>���'�� tir gene 

(encode translocated intimin receptor X[���*+� type III secretion system) ����*+� 

serogroup O15 ���������	"���^~

5. �^� isolates ���#� hlyA gene (38 isolates) ���$ hemolysin �!��!	���>?�������

��� hemolysis �#%������	�'� human blood group O agar 	����� isolate TC3 X[��$���"' 

hlyA gene �$
�#
���$ hemolysin (Hly)

6. �#%��"������ isolates ������#� virulence genes $
��@ �%� chromosomal genes: 

stx-1, stx-2, eae ��� tir ��� plasmid genes �%� hlyA, katP ��� etpD ����"'�
���#���

�	� isolates �!��*+� 8 ��^
# ($������� 2.7) �!	 predominant profile �%� profile ��� 1 (stx
1+,2+

, 

eae-, tir-, etpD-, hlyA
+
 ��� katP

-
) X[��#��[� 22 isolates

7. ���� 49 isolates #����#��$
�	�*��/����$�# criteria ��� National Committee for 

Clinical Laboratory Standard (NCCLS) 	����� TC12 isolate X[��!%��	� ampicillin, 

chloramphenicol ��� trimethoprin/ sulfamethoxazole
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�������
 2.7 Eight groups of virulence gene profiles and serogroups of strains of each

profile

Virulence genes
Group Number (%)

Serogroup
(No.) stx-1 stx-2 eae tir etpD hlyA katP

1 22 (44.9) ONT (14)

Rough (3)

O8 (3)

O27 (1)

O29 (1)

+ + - - - + -

2 2 (4.08) O15 (2) - + + + - + -

3 1 (2.04) O157 (1) - - - - - + -

4 10 (20.41) ONT (5)

O8 (2)

O15 (1)

O142 (1)

O152 (1)

- + - - - + -

5 3 (6.12) ONT (1)

O8 (2)

+ - - - - + -

6 3 (6.12) ONT (3) - + - - - - +

7 7 (14.29) ONT (6)

O168 (1)

- + - - - - -

8 1 (2.04) ONT (1) + - - - - - -
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8. �������>#! 49 isolates "'�
���#�����!�'
� 46 isolates ����!��*+� 9 plasmid 

profiles �
����� 3 isolates �#
#� plasmid 
!@ (�����������! 5 �����) �&���� plasmid ���

�$
�� strains ����*���� 1-8 plasmids ���#����!$
��@ ��� ��� 1-9 kb ($������� 2.8)

9. ������\[���!��	 ERIC-PCR "'�
���#����	����� 49 isolates $�# 

amplimers ����!���� ERIC-PCR ����*+� 14 profiles ($������� 2.9) �%�
>� bands 3-6 bands 

���#����!$����$
 <100 �[� 3,000 bp
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�46��
 2.14 The stx-1, stx-2 and O157 LPS amplicons at 110, 349 and 457,

respectively

M, DNA markers

Pos, Positive control (O157 amplicon at 457 bp, and stx-1 and stx-2

amplicons at 349 and 110 bp, respectively)

Lanes 1-4, 6, 9-11, positive stx-1 and stx-2 (stx
1+

, stx
2+

)

Lanes 5 and 8, positive stx-2 only (stx
1-
, stx

2+
)

Lane 7, positive O157 (stx
1-2-

, O157)

M  Pos    1     2     3     4      5     6      7     8      9    10     11

O157 (457)
stx-1 (349)

stx-2 (110)

Gene (bp)
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�46��
 2.15 The representative amplicons of STEC virulence genes  on 0.8% agarose gel

electrophoresis

M, 1 kb marker; Lane 1, the 350 bp amplicon of eae gene;  Lane 2, the 1,550 bp

amplicon of tir gene; Lane 3, the 1,062 bp amplicon of etpD gene; Lane 4, the

1,515 bp amplicon of hlyA gene; Lane 5, the 2,125 bp amplicon of katP gene

Numbers at the left are sizes of DNA in basepairs

10,000

5,000

2,000
1,500

1,000

3,000

bpp

M 1 2 3 4 5 M

350 (eae)

1550 (tir)
1515 (hlyA)

1062 (etpD)

2,125 (katP)
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�������
 2.8  The overall results of plasmid profiles

Profile Number positive (%)     Number of

      plasmid (s)

Plasmid size

(kb)

1

2

3

4

5

6

7

8

9

1

5

1

2

3

17

7

2

8

(2.04)

(10.20)

(2.04)

(4.08)

(6.12)

(34.69)

(14.29)

(4.08)

(16.33)

5

8

1

2

2

1

2

2

4

9,7.5, 7, 1.4, 1

9, 8, 7.5, 7, 5, 4.5, 1.4, 1

5

5 , 2.5

9, 8

9

8, 4.5

8, 5

8, 5.5, 5, 4

No plasmid 3 (6.12) 0 -
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�������
 2.9  Overall results of ERIC-PCR

Profile Number(%) Number of band (s) DNA fragments size (kb)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

26

2

1

2

1

1

1

1

5

2

4

1

1

1

(53.07)

(4.08)

2.04)

(4.08)

(2.04)

(2.04)

(2.04)

(2.04)

(10.21)

(4.08)

(8.16)

(2.04)

(2.04)

(2.04)

3

4

6

3

4

3

5

3

3

6

4

5

4

4

1.2, 0.25, 0.1

1.2, 1, 0.2, 0.1

2, 1.2, 0.7, 0.35, 0.2, 0.1

1, 0.2, 0.1

1.2, 0.5, 0.2, 0.1

1.2, 0.3, 0.1

2.5, 1, 0.35, 0.2, 0.1

1.2, 0.2, 0.1

0.7, 0.2, 0.1

2.5, 1.5, 1.2, 0.3, 0.2, 0.1

2.5, 1, 0.2, 0.1

2.5, 1.2, 1, 0.2, 0.1

1.2, 0.3, 0.2, 0.1

1.2, 0.25, 0.2, 0.1

Total 49 (100)
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��������	
���
 3 %	����
 1

���)"�� V. cholerae O1 Toxin co-regulated pili (Tcp) �������&��Y��������

������

fimbriae (pilin) 6����[���%Z�(��-<�>�6U� oral cholera vaccine component

��%�&'"#�������

1. ��������� probe ��� V. cholerae classical biotype,  Inaba serotype

Nucleotide sequence ��� pilin subunit (tcpA; toxin co-regulated pilus) �!�#���� 

gene bank database; accession number M33514 Oligo primers 1 ��
 �!���%��#��"%���������� 

PCR product ���!*��#�� 500 bp X[�� PCR product ����&��*
/�
�����$��	# PCR probe �!	

����$������$��	#��
�
 DIG labelling ��
� master mix ��� PCR probe ������&��*
/�
���� 

screening genomic DNA library $
��*

���

�'-- PCR primers

tcpA DNA
position

AAAAAATAAA AAACACAGCA AAAATGACAT CTGTCAATTG TAGGTGACTT 50

TGTGTGGTTA AATGTGCGTG TTGCTTACGT TATCTAAAAA AGACCAAGCG 100

ACGCATTTCT TTAAAGACAG TAAAATGGTG GAGTTACATA AATATGCAAT 150

TATTAAAACA GCTTTTTAAG AAGAAATTTG TAAAAGAAGA ACACGATAAG 200

AAAACCGGTC AAGAGGGTAT GACATTACTC GAAGTGATCA TCGTTCTAGG 250

CATTATGGGG GTGGTTTCGG CGGGGGTTGT TACTCTGGCG CAGCGTGCGA 300

TTGATTCGCA GATTATGACC AAGGCCGCGC AAAGTCTCAA TAGTATCCAA 350

GTTGCACTGA CACAGACATA CCGTGGTCTA GGTAATTATC CAGCAACAGC 400

TGATGCGACA GCTGCTAGTA AGCTAACTTC AGGCTTGGTT AGTTTAGGTA 450

AAATATCATC CGATGAGGCA AAAAACCCAT TCAATGGTAC AAATATGAAT 500

ATTTTTTCAT TTCCGCGTAA TGCAGCAGCT AATAAAGCAT TTGCAATTTC 550

AGTGGATGGT CTGACACAGG CTCAATGCAA GACACTTATT ACCAGTGTCG 600

GTGATATGTT CCCATATATT GCAATCAAAG CTGGTGGCGC AGTAGCACTT 650

GCAGATCTAG GTGATTTTGA GAATTCTGCA GCAGCGGCTG AGACAGGCGT 700

TGGTGTGATC AAATCTATCG CTCCCGCTAG TAAGAATTTA GA TCTAACGA 750

ACATCACTCA CGTTGAGAAA TTATGTAAAG GTACTGCTCC ATTCGGCGTT 800

GCATTTGGTA ACAGCTAATT CAAATAAGTT TGTTTAACTT AATCTTAACG 850

TTGCCCATTA AATAATGGGC AACTTATTAA ATTCAATGTG GTATCAATAT 850

GAGAAAATAC CAACAAGGTG TCGGATTATT GGAGGCGATT CTGGCTTCTG 900

CGTATTAGGG ATGGCATTGG TCGCTGCTGG GAGCTATTAC AAGCGGGAAG 1000

CTGAACTCAT GATTAAATCC AGTAACGCAT TTGATGTTAT TGAGTTGT 1050

P-1 forward primer design from position 253 to 271
5�….. TTA TGG GGG TGG TTT CGG ……3�
P-2 Reverse primer design from position 713 to 731 in the reverse complement view
5�….. GCG GGA GCG ATA GAT TTG ……3�
���!��� PCR product �%� 475 bp
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��������� DIG-labeling PCR probe


����\[����������� DNA probe ���
/�
����'����� Southern hybridization ��� colony 

hybridization ������[���!	���� PCR ��� oligo primers �������''�������$�� ��� genomic DNA

��� V. cholerae, classical biotype strain 569B �������$�
� gene tcpA ����&�#�\[���������

�'' primer �*+���� classical biotype �[��!�
/� genomic DNA ��� strain 569B X[���*+� classical 

biotype �/
��!�	����#��*+� template �!���	�!���
/� genomic DNA ��� strain O17SR El Tor 

biotype �*+� template �$
��
 oligo primers �����%������#
��#��� amplify O17SR �!� ��!��
��&�!�' 

nucleotide sequence ��� tcpA ��� V. cholerae ������� biotypes ����#����#�$�$
�����

*������	� PCR �"%������$��	# probe #��
��*����'!�����

2.5 �l 2mM dNTPs

2.5 �l 10 � Taq buffer

0.5 �l 10 � DIG labeling nucleotide (DIG-dUTP) (Roche)

1.0 �l primer I

1.0 �l primer II

17.25 �l DW

0.25 �l Taq polymerase enzyme

25.0 �l total volume

Amplification cycle ���&�X�&� 35 ��' X[���$
����'*����'!��	

Denaturation ����̂�>|�#� 94�C �*+����� 1 ����

Annealing ����̂�>|�#� 55�C �*+����� 1 ����

Extension ����̂�>|�#� 72�C �*+����� 1 ����

PCR product ����!��&��*�	��!	 agarose gel electrophoresis ����$�! PCR product

������ gel ����&��*����	
� hybridization buffer 
>��!����#���#������ DNA *��#�� 50-

100 ng/ml

2. Southern hybridization $
� PCR probe ��
%�>����� tcpA V. cholerae $
� classical 

biotype

�&� Genomic DNA ��� V. cholerae ���� classical ��� El Tor biotypes �*	
�	!��	

restriction enzyme $
�� @ X[��#��	�

� multiple cloning sites ��� plasmid vector pBluescript II 

KS !�����; BamHI, ClaI, HincII, HindIII, EcoRI, EcoRV, Xbal �����[��&� genomic DNA �>�
�����*

�	�!��	����������'� agarose gel ����&���� transfer DNA �*	�� nylon membrane �!	���� 

capillary transfer $�#���������	����!	 Southern et al. (1975) ���������!�������&�
>�������'

���!���/��!��� restriction enzyme-fragments ��� DNA ��� gene tcpA $����	�
 �#%����%���!��
��� 
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clone /����
�� DNA /��!
! ���!������ genomic library ���/����
�� DNA ���$�!!��	 restriction 

enzyme /��!���� @

�����*��� 3.1 /����
�� DNA ��� V. cholerae El Tor biotype strain O17SR ���$�!!��	

restriction enzyme ClaI ��� HincII #����!*��#�� 4.5 kb ����*+����!����>#���#
�������� 


��������!���%���&�������� ClaI-DNA ��%������ ClaI �#%��	
�	 DNA ���!�/����
������*+� sticky end 

X[�����
�	
�������� 
������� HincII ���!�/����
�� DNA ����*+� blunt end X[���&�
>�*�������|�"

������'����� ligation ���/����
���>�
�����#
!���
������� ����� Southern hybridization �>�
����

�[��!���%����������� /����
�� DNA X[���!����������$�!!��	 restriction enzyme ClaI

��������$����� Southern hybridization �%� probe ���������[����� V. cholerae Classical 

biotype ��#�������� hybridize $
� El Tor biotype ��!��
� tcpA ���������� biotypes #����#

����	��[���� �#��
����#
 identical �$

����\[�����������#��̂!*�����~��������� tcp ��� El Tor 

biotype, Ogawa serotype X[���!�#���	��������'�!
�/
�� 10 *�����
��#�

3. ���%�>�� library $
�����%	�� genomic DNA $
� V. cholerae El Tor biotype, strain 

O17SR ��
����>�� restriction enzyme ClaI

�$��	# Genomic DNA ��� V. cholerae O17SR ����/%���������	�
� liquid medium �*+�

���� 18-24 /#. �!	���� CTAB precipitation X[����	����!	 Ausubel et al. (1993) �����&� 

genomic DNA ����!��*$�!!��	 restriction enzyme ClaI �*+����� 24 /#. $
��������>	^!*������	�

��� enzyme �!	�&��* incubate 
� water bath ����̂�>|�#� 70�C �*+����� 15 ����

�$��	# DNA ��� plasmid pBluescript II KS �!	����X[����	����!	 Birnboim et al. 

(1979) �����&� plasmid DNA �*$�!!��	 restriction enzyme ClaI �*+����� 24 /#. �����&���!

�#���^� PO4 �
��*��	�����	 DNA ��� �!	
>��&�*������	���' calf intestine alkaline 

phophatase 1 unit ����̂�>|�#� 37�C �*+����� 30 ���� $
���������&���! alkaline phosphatase 

enzyme ������ DNA �!	���!!��	�������	 phenol *��#�$���
�$����� DNA �����[�
/����

����	 chloroform *��#�$���
�$�� ���!��� phenol ���>���>�%��	�

��������	 DNA $
���������[�

$�$���� DNA �!	���� ethanol precipitation �!	���
�
 3 M sodium acetate, pH 4.6 
�*��#�$� 

1/10 ����������	 DNA ���
�
 absolute ethanol 
�*��#�$� 2.5 ��
�����������	 DNA $
�#�

�[�*<=�$���� DNA 
� microcentrifuge ��� 13,000 � g �*+����� 15 ���� >����������$���� DNA 

!��	 70% ethanol �����[��&�
>��>�� �������	
���&������*��#�� 20-40 �l

*������	� ligation �"%���/%��#$
� plasmid DNA ��' genomic DNA ����$����� V. cholerae

O17SR �&��!	
/� enzyme T4 DNA ligase (Roche) �!	
/� plasmid vector 
�*��#�� 10 ng ��� 

insert DNA 
���!�
�� 1 : 3 (vector : insert) �!	
/� enzyme 1-5 unit 
�*��#�$� 20 �l ��� 
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incubate ��� 16�C �*+����� 16-18 /#. $
�#��&� preparation �*�&��>���!	 vacumm 

centrifugation �����[����� DNA pellet !��	 70% ethanol �&�
>��>�������[�����	
���&������ 20 �l 

$
�#��&� preparation *��#�$� 2 �l #�
/�
����'����� transformation �*��
 electrocompetent 

E. coli DH5� �!	
/����%��� Electroporator EC-100 �����&� E. coli cells ������ transform �*

recover 
� SOC medium �!	��	
���� 37�C �*+����� 1 /#. �����[��&��* spread 
� LB agar ���

*����'!��	 100 �g/ml Ampicillin ��� 0.16 �g/ml X-gal. Library ���#� DNA insert ��*�����*+�

colonies ����� ����
�� colony ����&�����X[���*+��X��~���#��$
 vector �������&�����!���"'�
� #�

��!�
����� colony �����#����
� 70% X[�� library ����!��&��*
/�
����'����� colony 

hybridization �"%����� screen >� clone ���#� tcpA

4. Colony hybridization

���!̂ �����#�����������	 buffer ���
/�

Nitrocellulose membrane; diameter 82 mm (Whatmann)

Hybridization buffer

0.1% N-laurylsarcosine Na-salt

0.02% SDS

5% milk powder in 5 � SSC solution

Denaturation solution; 0.5 N NaOH, 1.5 M NaCl

Neutralization solution; 1.0 M Tris-HCl, pH 7.5; 1.5 M NaCl

2 � SSC buffer; 0.3 mM NaCl, 30 mM sodium citrate, pH 7.0

Proteinase K; 2 mg/ml Proteinase K in 2 � SSC buffer

Low stringency washing solution; 2 � SSC, 0.1% SDS

High stringency washing solution; 0.1 � SSC, 0.1% SDS

Anti-Digoxigenin-AP* (750 units/ml Anti-Digoxigenin, Fab fragments conjugated to 

alkaline phosphatase [Roche])

NBT solution (75 mg/ml nitroblue tetrazolium salt in 70% dimethylformamide [v/v])

BCIP solution (50 mg/ml 5-bromo-4-chloro-3-indolyl phosphate [BCIP], toluidinium 

salt in 100% dimethylformamide)

Washing buffer (100 mM maleic acid, 150 mM NaCl, pH 7.5, 0.05% Tween-20 [v/v])

Blocking solution (5% skim milk in 100 mM maleic acid, 150 mM NaCl, pH 7.5)

Detection buffer (100 mM Tris-HCl, 100 mM NaCl, pH 9.5)
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Colony lift

�&���� spread E. coli cell library ��'� LB agar plate �!	
>��!��&���� colonies 

*��#�� 100-300 $
� plate >������ incubate ���#�%������[�
/� nitrocellulose membrane disc 

(Whatmann �����
�\��	~���� 82 mm) ���'���� LB agar �"%�� transfer colony �*	�� membrane 

$
���������&���
� membrane �*�&�*������	���'�������	 denaturation 5 ���� �������	

neutralization 15 ���� ����������	 2 � SSC 10 ���� �!	����&����!������ Whatmann 3 

mm �*�&�
>��*�	�!��	�������	����$�����������
� membrane ��'����!���������� 
>� 

colony �	�
!���'� $
���������[��&����'����� cross-linked DNA �!	�&��*�'
� vacuum oven 

��� 80�C �*+����� 30 ����

Proteinase K treatment

�&���
� membrane ����'��������*�&�
>��*�	�!��	�������	 2 � SSC ����
�
�������	

proteinase K (2 mg/ml) *��#�$� 0.5 ml ��'���
� membrane ��� incubate ����̂�>|�#� 37�C 

�*+����� 1 /#. $
��������������� cell debris ���!��	�������	 2 � SSC

Hybridization

�&���
� membrane �*�&� pre-hybridization �!	 incubate ��' hybridization buffer ��� 

68�C �*+����� 1-2 /#. �����&��* incubate ��' DIG-labeling PCR probe ��� 68�C �*+����� 16-

18 /#.

Stringency washes

>���������'����� hybridization �&���
� membrane �*����!��	 low stringency 

washing solution ����̂�>|�#�>����*+����� 5 ���� �������!��	 high stringency washing solution 

����̂�>|�#� 68�C �*+����� 15 ���� ��� 2 �����

Colorimetric detection

������
� membrane !��	 buffer I �����&��* incubate 
� blocking buffer ����̂�>|�#�>���

�*+����� 30 ���� $
�#��&� membrane �* incubate 
��������	 anti-dioxigenin-alkaline 

phosphatase ������#��%���� 1: 10,000 
� blocking buffer ����̂�>|�#�>����*+����� 30 ���� $
�

����������� membrane !��	 washing buffer 2 ����� ����&��*�/

� buffer III (detection buffer) 

�
�������
�
 color substrate X[���$��	#�!	�����# NBT solution *��#�$� 45 �l ��� BCIP 

solution *��#�$� 35 �l 
� 10 ml buffer III �����&��* run 
� gel electrophoresis membrane 
�

�^�"���$�������?'
����#%!�	
�����	 12 /#. ����>	^!*������	�!��	��&������ colony ���
>���'����#�

��#
��  �&� colony �>�
�����* inoculate ��
� LB broth ���#� Ampicillin ���#���#��� 100 �g/ml ��#

�	�
�����[��&� E. coli culture ����*���!��� plasmid �"%���*+����	%�	���
�#�	���~ tcpA �	�

� clone ���

��%���������
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�46��
 3.1 Results of Southern hybridization of PCR probe derived for tcp of V. 
cholerae classical biotype, Inaba serotype, strain 569B against some 

restriction enzyme-digested DNA of V. cholerae El Tor biotype strain 

O17SR.

The positions of HindIII-digested lambda DNA size markers (kb) are shown in 

the most left lane
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