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��� plasmid ����	
���	
�������������� tcpA insert ���
����� enzyme ClaI ���������

run �� gel electrophoresis ��	�
����� electrophoresis gel ����� insert ��� 4 kb ����� Southern 

hybridization 	
� tcpA probe �������� ClaI DNA ���������	�����
���!"��#�
��������$"	�%

5. Automated DNA sequencing

��� plasmid DNA &$" clone ����'�����	���(��
������ tcpA 
��	%)���	�% 

sequencing 
����� ABI Prism BigDye Terminator cycle sequencing kit.  Oligo primers ��������#�

primers ���%*�������$�+��� pBluescript plasmid vector �($ RP ��) UP ,!�"������'��"$�+����)&��"

&$" multiple cloning site ����	����
� nucleotide &$" plasmid ��	 clone VC1 ����������%-�(�

�
������� clone ����������������!"	
� tcp locus &$" V. cholerae ��	 Classical biotype 

accession no. � 74730

6. ��� subclone VC1

�/(�$�(��
������������!"��$ tcpA sequence &$" El Tor biotype ��)�/(�$'� subclone 

����'��)������) express protein ��	 tcpA gene ��		�% subclone VC1

	�%���$"������5��5�"'����/(�$�%��'� tcpA gene ���$�+��������'��" restriction site �� 

�/%�)��$"	�%����) express �6/�)���� TcpA 
�%��������
�� ��	�% subclone ������ restiction 

enzyme 1 �����
� DNA ��#�����&�����8	�" �����!"����� ligate 	
� pBluescript II KS ����
����� 

restiction enzyme ���������	
� 
��	�$���� vector �� ligate �������9�	%��� phosphatase 	
� 

vector �
���/(�$�:$"	
� 	%)���	�% re-ligation &$" vector  ��$����� ligated DNA �� transform 

�&���+� E. coli DH5�  ��		�%�����" E. coli �� LB agar plate �6/�) clones ����� insert &$" 

pBluescript II KS �����
�� �!"�)&!���� LB agar ����� Ampicillin ��#�$"�=�%)	$� ��$���	
� 

plasmid ��	 E. coli ����) clone ������$����� restriction enzyme �����	
��������
�	�$���� ligation  

����� run electrophoresis ,!�" electrophoresis profiles �)���"�'��'8�&���&$" insert ������) 

clone

������ universal primer ��) reverse primer &$" vector �/(�$'���� tcpA gene $�+���� 

subclone �� �
"���"�� �����	 3.3  tcpA gene ����%��5��)/��� EcoRV insert &����%)��> 0.8 

kb  ��(�$����%�)'= DNA sequence &$" clone ���,!�"�(�$��� VC7 /������&���������� 869 bp ��(�$

���������%�)'= protein translation /���� start codon ATG ,!�"�)�%��" methionine �%����������
����

��� 119 ��)�����5��������
������� 791 �����!"�������  stop codon TTA  �
"���"�� �����	 3.4  
�%�

�
"�	���� VC7 clone �� ribosome binding site '%($ Shine-Dalgarno sequence ������+%>=  
�%���

��	 VC7 clone �%)	$����� 224 amino acids ��)�� molecular weight 23234 daltons  &�$



143

�
"�	��	����	
� promoter region �������5� expression &$" VC7 clone �
"���"�� �����	 3.5 

plasmid map &$" pBluescript II KS /���� start codon &$" tcpA $�+�J�����	�%����5���	 T7 

promotor ������ T3 promoter '%($ lacZ

 ��$���!"��� clone VC7 ��M!	Q���� �)����%- express protein ���'%($��� 
����� 

pBluescript II KS ��#� negative control ��	�%����%������W�	�%���%*����	�%��%��� whole cell 

lysate, soluble protein fraction ��) insoluble fraction �
"��%���)�$���	�%��%����
"���

Whole cell lysate ��%���
����� culture 1 ml �� centrifuge ��� 10,000 � g ��#����� 10 

����'�
"��	�+� supernatant ���"������� pellet ���)����� sample buffer (for SDS-PAGE) 100 

�l

 Soluble 
�� insoluble protein fractions ��%���
����� culture 1 ml �� centrifuge 

��� 4,000 x g ��#����� 10 ���� '�
"��	�+� supernatant ���"��������� pellet ���)����� lysis 

buffer (0.1M NaH2PO4, 0.01M Tris-HCl pH8.0; 8M urea) 100 �l ��$��	�
������� mix 
�� 

Vortex ��) sonicate ��� 4�C, 3 �%
�" �%
�"�) 20 ������  �����!"����� centrifuge ��� 10,000 � g ��� 

4�C ��#����� 20-30 ���� ���� supernatant �($ soluble protein fraction ��)���� pellet �($ 

insoluble fraction ����
�" 2 �������������� sample buffer �/(�$��� electrophoresis ��	�%��	 

proteins ��$��

��	�%���$"�%
�"��������������% IPTG ��	�% induction��� �/%�)��M��"&$" promoter ���

����5� start codon &$" tcpA ����������	 lacZ ��	��	�%����%�)'= protein fraction ���"] 
�� 

SDS-PAGE ���/�������	���"��%)'���" vector ��) VC7 clone ���$���"��

7. ��� subclone EcoRV insert 
�� VC7 ���	���� start codon ��� tcpA ����������������

��� lacZ

7.1 ������! tcpA gene ����"�� low copy number plasmid, pWSK29

��	�� sequencing ��) restriction map &$" pBluescript II KS ����
� VC7 clone ���� 

enzyme BamHI ��) ClaI ,!�"�)����%-�
���	 vector ��) insert $$	��		
� ��)&���&$" 

insert �%)��> 800 bp ������������  �� sequencing ���"������ ���� start codon $�+�������� 

BamHI site ����&$" insert ��������		�%�
����� enzyme &��"��� ��(�$�������	�� agarose gel 

electrophoresis �)�'8�����&$" vector (2.9 kb) ��) insert (0.8 kb) ��$��	�
���
��6/�)����&$" 

insert $$	��	 gel �����!"���	�% elute DNA $$	��
����� QIAEX II Gel extraction kit 

(QIAGEN) ��$��	�
���
� vector pWSK29 ���� enzyme BamHI ��) ClaI ��������� ligate 	
�  

DNA insert ��� extract $$	��	 gel ��� ligation mixture ����� transform �&��  E. coli DH5� host 
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��		�%���$"����%���� clone �(�$ VC13 ,!�"��(�$ sequence insert &$" clone ����%-�(��
�������

��#� tcpA gene �%�" ��)����M��"&$" start codon $�+����	�%����5�&$" lacZ� (�����	 3.6 )

7.2 ������! tcpA gene ����"�� pUC18 derived plasmid, pHSG 398 (Takara 

Biochemical)

�'�5������+����
���($	��� pHSG 398 vector �/%�) vector ����������� copy number &$" 

plasmid �+"�($ 500-700 copies �� 1 cell ��) pHSG 398 ������=�(�$�� chloramphenicol (Cm
�

) 

�!"��$�&��""�����	�%
��� insert ��	 VC7 ����� Ampicilin resistant gene  
�������($	
��������

	�%�(�$�� chloramphenicol �����
�� ��	�%���$"�������
� insert ��	 VC7 ��) pHSG 398 vector 

���� restriction enzyme EcoRI ��) HincII '�
"��	 heat-inactivated enzyme ��� 70�C ��#����� 

15 ���� �!"��� vector ��) insert ����$	
�
��&���	�% ligation ��$���!"��� ligated plasmid �� 

transform �&���+� E. coli DH5� host �����!"��($	�6/�) clone �����#� white colony (�� insert) ��)��

	�%�(�$�� chloramphenicol  ���  clone �(�$ VC20, VC21 ,!�"��(�$ confirm 
����W� sequencing 

����%-�(��
��������� tcpA gene �%�" ��)����M��"&$" start codon $�+����	�%����5�&$" lacZ�

(�����	 3.7)

8. Protein expression ��� clone ��	�� tcpA gene 
���#$������ initiation codon �����!

�#$�����	�������%� lacZ ���� T3 promoter

	�%���$"������ clone ����� vector $���"�������%��������	
� clone ����� insert &$" tcpA 

��)��(�$"��	 clones ���"]����%��"&!��$�+�����M��"	�%����5�&$" lacZ� �
"�
���!"��$"��	%)���

	�% induction ���� 1mM IPTG 
����%��� overnight culture �� LB broth 5 ml ��)�����
�%5�"&!�� 

subculture 0.5 ml &$" overnight culture �"�� LB broth 5 ml '�$��'��  ����� incubate /%�$�

�&������ 200 rpm ��) 37�C ��#����� 1-2 ��. ��	%)�
�"��� OD �%)��> 0.6 ���" culture 1 ml ��

������'%
���%��� pre-induction whole cell lysate �������� IPTG �"���� culture �'���������&��

&���%)��> 1 mM �����!" incubate ��$$�	�%)��> 3 ��. ���" 1 ml �/(�$��� whole cell lysate 

��)$�	 1 ml �/(�$��� soluble protein fraction ��) non-soluble protein fraction �
"������$W������

'
�&�$��� 1 �����	 3.8 ���" protein profiles &$" clone ����� insert ��%��������	
� clone ����� vector 

$���"����� ��	 samples ����	8��$��%������	�$� induction ��) 3 ��. '�
"��	 induction ���� 1 

mM IPTG 
�� VC13 clone (specimen B) ��%��������	
�  parental vector pWSK29 (specimen 

A) ���� VC20 (specimen D) ��) VC21 (specimen E) ��%��������	
� parental vector 

pHSG398 (specimen C)  ��	�%���$"��� ���/�������	���"%)'���" clone ����� insert ��) 

parental vector �� protein �����%�����	�������"]�
�" whole cell lysate, soluble ��) insoluble 

protein fractions
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9. Protein expression �%��&�������� T7 RNA polymerase promoter

	�%���"$$	&$"����=J�����	�%����5�&$" T7 RNA polymerase ��&�$�����%��� E. coli

RNA polymerase '����%)	�% ������#� enzyme ��� active ,!�"����%-����)�
"��%�)'= RNA ��

$
�%�����+"	��� RNA polymerase &$" E. coli '������� 
��������-�������$���	��	�%'�5� 

transcription �$	��	��� T7 RNA polymerase �
"����������/�)����)�
"��%�)'=��	 T7 promoter 

(PT7) �����
�� ��)�)�����	�%�%������ transcription ��	 promoter sequence $(��]&$" E. coli DNA

�+����
����%)�� Two-plasmid system ��	%)���	�% expression 
��%)���%	��� 

expression vector pBlueScript II KS (Strategene) ,!�"�� DNA sequence &$" T7 promoter ��#�

$"�=�%)	$� ��	�����	 3.5 
�%��
"�	�5��� ���'%
� VC7 clone ��M��"&$" start codon &$" tcp $�+�

����M��"�����	
� T7 promoter ���� plasmid ��%)����� 2 ���%
�����$�5��%�)'= E. coli strain ����� 

plasmid pGP1-2 (Tabor and Richardson, 1985) (E-2096) ��	 University of Adelaide, 

Australia  (�����	 3.9)  �� plasmid ��� enzyme T7 RNA polymerase �)$�+����	�%����5�&$" �pL

promoter��)����%--+	�
��
�"
�� repressor protein C1857 ,!�"����������$$5>'J+��	�����($ ���

$5>'J+������ (30�C) repressor protein �)�
��
�"	%)���	�% transcription ��	 �pL promoter  ��

&>)�����(�$$�+���$5>'J+���+" (42�C) repressor protein �)-+	 inactivate �����'��	��	�%�%��" 

enzyme T7 RNA polymerase �$	��	��� plasmid pGP1-2 �
"�%)	$���������=����(�$�� 

Kanamycin ,!�"�)�)��	��	�%��($	
������������=�����$"	�%

�+����
��!" transform gene �����$"	�% express �&���+� E. coli strain ����� plasmid  pGP1-2

(E-2096) 
����%��� chemical competent &$" E-2096 
����W�&$" Hanahan (1970) &�$��%%)�
"

��	�%�����"��(�$ E-2096 �($��$"/����������"���$5>'J+������	�� 30�C ��) chemical competent 

cells ����������%-�	8���#� aliquots ������ -70�C ��$���!"���	%)���	�% transformation gene ���

��$"	�% 
�����$"��%��������	
� parental plasmid vector ,!�"���������($ pBlueScript II KS 

vector

��	�% transformation �&�� chemical competent cells ������ plasmid �%���> 500 ng-1 

�g ���%����% 1-5 �l ��������� incubate 	
� chemical competent cells ��� 4�C ��#�����

�%)��> 30-40 ���� ��$��	�
����� cells �� heat-shock ��� 42�C ��#����� 90 ������ ������������

�������&8"��� 4�C $�	��#����� 10 ���� �����!"���������� LB broth 1 ml ����� incubate 30�C

/%�$��&�����#����� 1 ��. ��$��	�
������� spread �"�� selective medium ���������� 

Kanamycin (50 �g/ml) ��) Ampicillin (100 �g/ml) ���� incubate ��� 30�C, 2-3 �
� colonies ���

&!�� �� plates ������"����� Ampicillin resistant gene ��	 pBlueScript ���-+	����&���+� E-2096 ����� 

Kanamycin resistant gene �������  clone ����������� expression ��$��
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��	�% express protein �����%��� overnight culture �� LB broth �%���> 5 ml ����� 

Kanamycin ��) Ampicillin ���$�+� �����
���$����� overnight culture �%����% 100 �l �� 

inoculate �"�� medium '�$��'�� ��)����� incubate ��� 30�C /%�$��&�����#����� 3-5 ��. ��

	%)�
�" OD590 � 0.4 ��$��	�
������� incubate ��� 42�C ��#����� 30 ���� ����������&�����$��� 37�

C ��	�
���	8��
�$���"'�
"��	 incubate ��� 60 ���� 120 ���� ��) 150 ���� �������
� �/(�$�����

��%��� whole cell lysates, soluble protein fractions ��) insoluble protein fractions �/(�$M!	Q���� 

��	�%�%��"
�%�����:�'����/����� clone ����� DNA insert '%($���

�����	 3.10 ��%�������� expressed proteins &$" E. coli strain E-2096 ,!�"�� pBlueScript 

II KS vector (3.10 a) ��) E-2096 ,!�"�%)	$����� VC7 clone (3.10 b) �)�'8���� VC7 clone ,!�"�� 

insert &$" tcpA ����%-�%��"
�%������ molecular weight �%)��> 23 kDa ,!�"��#�&���&$"


�%���������'�
"������$����� �����	 3.4 
����(�$�����	
� E-2096 ����� vector $���"����� ����� 

protein ��� 23 kDa $���"�
����


���%5��+����
�����%- express toxin-coregulated pillus protein (TcpA) ,!�"�����%��"��

�����#� subunit protein �������������
{��	�%	�$
%� (pathogenesis) $'����=  
����(�$ V. cholerae 

��) TcpA ����������%-��	�%	%)�5�� host �'��%��"J+���5��	
�  �!"��#� vaccine candidate 

(Attridge et al., 1999) ��)J+���5��	
� (immunogenicity) &$" TcpA protein ����������/�)��$����) 

biotype �����
�� ���� J+���5��	
���$ TcpA ��	 El Tor biotype �)�������%-�:$"	
� host ��	 $'�

���=����	����	��(�$ Classical biotype ��� (Attridge et al., 1999)  $���"�%	8����+����
������($	����) 

clone ��) express tcpA gene ��	 El Tor biotype ,!�"��%��"��	�%%)������$"-����M�%%Q

'�
"���
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�����	 3.4 Translation of VC7 clone 
"%� Open reading frame 
���'�
�!�� base ��	

119-791

NA 61        TTAAAAAAGGACCAAGCAATGCATTTCCTTAAAACACAAATGGTGGAGTTATATAAATAT
AA 1                                                                    M

NA 121       GCAATTATTAAAACAGCTTTTTAAGAAGAAGTTTGTAAAAGAAGAACACGATAAGAAAAC
AA 2           Q  L  L  K  Q  L  F  K  K  K  F  V  K  E  E  H  D  K  K  T

NA 181       CGGTCAAGAGGGTATGACATTACTCGAAGTAATCATTGTTCTGGGTATTATGGGTGTGGT
AA 22          G  Q  E  G  M  T  L  L  E  V  I  I  V  L  G  I  M  G  V  V

NA 241       CTCAGCGGGTGTTGTTACGCTGGCTCAGCGTGCGATTGATTCGCAGAATATGACTAAGGC
AA 42          S  A  G  V  V  T  L  A  Q  R  A  I  D  S  Q  N  M  T  K  A

NA 301       TGCGCAAAATCTAAACAGCGTGCAAATTGCAATGACACAAACTTATCGTAGTCTTGGTAA
AA 62          A  Q  N  L  N  S  V  Q  I  A  M  T  Q  T  Y  R  S  L  G  N

NA 361       TTATCCAGCTACCGCAAACGCAAATGCTGCTACACAGCTAGCTAATGGTTTGGTCAGCCT
AA 82          Y  P  A  T  A  N  A  N  A  A  T  Q  L  A  N  G  L  V  S  L

NA 421       TGGTAAGGTTTCAGCTGATGAGGCAAAGAATCCTTTCACTGGTACAGCTATGGGGATTTT
AA 102         G  K  V  S  A  D  E  A  K  N  P  F  T  G  T  A  M  G  I  F

NA 481       CTCATTTCCACGAAACTCTGCAGCGAATAAAGCATTCGCAATTACAGTCGGTGGCTTGAC
AA 122         S  F  P  R  N  S  A  A  N  K  A  F  A  I  T  V  G  G  L  T

NA 541       CCAAGCACAATGTAAGACTTTGGTTACAAGCGTAGGGGATATGTTTCCATTTATCAACGT
AA 142         Q  A  Q  C  K  T  L  V  T  S  V  G  D  M  F  P  F  I  N  V

NA 601       GAAAGAAGGTGCTTTCGCTGCTGTCGCTGATCTTGGTGATTTCGAAACGAGTGTCGCAGA
AA 162         K  E  G  A  F  A  A  V  A  D  L  G  D  F  E  T  S  V  A  D

NA 661       TGCTGCTACTGGCGCTGGCGTAATTAAGTCCATTGCACCAGGAAGTGCCAACTTAAACCT
AA 182         A  A  T  G  A  G  V  I  K  S  I  A  P  G  S  A  N  L  N  L

NA 721       AACTAATATCACGCATGTTGAGAAGCTTTGTACAGGAACTGCTCCATTCACAGTAGCTTT
AA 202         T  N  I  T  H  V  E  K  L  C  T  G  T  A  P  F  T  V  A  F

NA 781       TGGTAACAGTTAATCTACACCATTATCTTGATAATTTAATAATAATTTGCCCATGGAAAT
AA 222         G  N  S

Universal code; Total amino acid number: 224, MW=23234 daltons

'����'�5  NA  =  Nucleic acid

 AA  =  Amino acid
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�����	 3.5 
"%� plasmid vector pBluescript II KS vector ��	�&��!��� cloning ����

�! VC7 ������%��� tcpA gene ��	"����+/ 
���#$������ initiation 

codon �����!������������� T7 promoter
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�����	 3.6 
"%� plasmid vector pWSK29 ��	�&��!��� clone fragment 
�� VC7 

���	�����#$������ initiation codon �����!������������� lacZ�
promoter

�
"���"��%+� clone VC13 �������		�%�
� insert &$" VC7 ���� restriction 

enzyme BamHI ��) ClaI ��) clone �&���+� pWSK29 ����
����� enzyme �5������	
�
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�����	 3.7 
"%� plasmid vector pHSG398 (Takara) ��	�&��!��� clone fragment 


�� VC7 ���	�����#$������ initiation codon �����!������������� 

lacZ� promoter

�
"���"��%+� clone VC20 ��) VC21 �������		�%�
� insert &$" VC7 ���� 

restriction enzyme EcoRI ��) HincII ��) clone �&���+� pHSG398 ����
����� enzyme �5�

�����	
�
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�����	 3.8 
"%� protein expression �! clone ��	�� gene tcpA ��	"����+/ �%���	 

initiation codon ��� clone �����!�:�����!�#$�����	�������%� lacZ 
��

�����!�#$������ T3 promoter

A, Clone ������6/�) vector pWSK29

B, VC13 clone (vector pWSK29 ����� insert &$" tcpA &����%)��> 0.8 kb)

C, Clone ������6/�) vector pHSG398

D, VC20 clone (vector pHSG398 ����� insert &$" tcpA &����%)��> 0.8 kb)

E, VC21 clone (vector pHSG398 ����� insert &$" tcpA &����%)��> 0.8 kb)

��(�$"��	 clone ���"]�'������ $�+�J�����	�%����5�
�� lacZ �
"�
���!"��	�% induce 

���� IPTG 1 mM ��(�$ bacterial cells ����
��&���+� exponential phase ��	�
���!"��%�������� 

electrophoresis &$" proteins ��������	 whole cell lysate, insoluble fraction ��) soluble 

fraction &$" bacterial cells
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�����	 3.9 plasmid vector pGP1-2 ������%��� gene ��	�'��!����	"���� T7 RNA

polymerase ;<	�������������������� �pL promoter

Vector ����
"�%)	$����� gene c1857 ����%��"
�%��� � repressor ,!�"�) express 

J�����	�%����5�&$" E. coli plac promoter ,!�"���$5>'J+������
�%��� repressor ����)�
��
�"

	%)���	�% transcription ��	 �pL promoter $���"�%	8������$5>'J+�� 42�C repressor 

protein �)-+	 inactivate ,!�"�)�����'��	��	�% induction &$" �pL promoter ��)������+�

	%)���	�%�%��" T7 RNA polymerase
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�����	 3.10 Protein expression 
�� E. coli strain E-2096 ;<	�=%� transform plasmid


�� pBlueScript II KS (a) 
�� VC7 (b)

A = whole cell lysate preparation

B = soluble protein fraction

C = insoluble protein fraction ��	�%���$"�%��	8� specimen ����������"] �($ 1, 

2 ��) 2 1/2 ��. '�
"��	 induction &$" enzyme T7-RNA polymerase


�%��
"�	�5��� VC7 clone �)�'� protein &��� 23 kDa ����
���� ,!�"���/��� 

clone ������6/�) vector
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10. ����>?!������!������	�@�#� TcpA protein �!��#��+���

��	 E. coli strain E-2096 ����%)	$����� plasmid 2 �����($ pGP1-2 ��) VC7 ���

���$"�/����%���> 
�������"�� 50 ml LB broth ����� kanamycin 50 �g/ml �� flask &��� 

250 ml 
�������"���$5>'J+�������%)��> 30�C 	�$� ����� OD550 �%)��> 0.6 ��$��	�
���!"

�/���$5>'J+��&!������� 42�C ��#����� 30 �����/(�$ inactivate repressor protein �/(�$����'���

	�%�%��" enzyme T7 RNA polymerase ��) enzyme ����)	%)�5�� T7 promoter �'��	��

transcription &$" VC7 plasmid ,!�"�������%)	$�&$" T7 promoter $�+�'�������= tcpA ��$

��	�
���!"�����"��(�$��$�����$5>'J+�� 37�C ��#����� 2 �� 	�$���� bacterial culture �� 

centrifuge ��� 8,000 � g ��#����� 15 ���� ��� cell pellet ���������)����� inclusion body 

solubilization buffer (50 mM Tris-HCl, pH 8.0; 1 mM EDTA, pH 8.0; 50 mM NaCl; 0.5% 

Triton X-100; 8 M urea) ���
����� 3 ml ��$ bacterial wet weight 1 	%
� ��$��	�
���!"����� 

sonicate �/(�$�����'��,��=��	��&!�� ������� cell lysate �������� centrifuge ��� 10,000 � g �/(�$

��	�$� cell debris $$	��)��� supernatant �������� dialyse ������	�
��  ��(�$��� crude 

protein (�� supernatant) ����������	���� acrylamide gel electrophoresis /������ protein 

band ����%)��> 25 kDa ,!�"��������#� TcpA �
���� 
������%���>
�%�����	 LB broth 2 

���% �%)��> 15 	%
�

11. Immunogenicity ��� TcpA protein

�+����
���� immunize '�+ mice ���� crude bacterial lysate (lysate &$" recombinant 

E. coli) �/(�$M!	Q���� TcpA ����%-	%)�5���'��
��=���$"�$���$"����%)��J+���5��	
�
��

	�%�%��"�$����$����$ TcpA ���'%($��� (immunogenicity &$" TcpA) 
����� immunize �
�"

��" intraperitoneal ��) oral routes ��	�% immunize ��" intraperitoneal route ������ 

crude bacterial lysate �%���> 250 �g 
����� immunogen 	
� adjuvant ��)6���
�"'��

��� doses '��"	
��%
�"�)�$"�
���'= �� dose �%	��� immunogen 	
� complete Freund 

adjuvant ��)��� incomplete Freund adjuvant �� doses ����$"��)��� '�
"��	6��
��������

����'�!�"�
���'=�!"���)��($�'�+��� immunized �����$�'��$����$����$ homologous 

antigen

 ���'%
�	�% immunize ��" oral route ������ crude bacterial lysate 1 mg �:$�'�+

����)�
� 
���'��
�"'�����
������	
���)����%)�)'��"����)�%
�"�$"�
���'= '�
"��	 

immunize �%
�"�5�����'�!�"�
���'=������)��($�'�+����)�
��/(�$������%���
�%)�
��$����$��

���������	
� (��	�%�:$�'�+	�5���������'�'�+���$"	����%�)��� 5% sodium bicarbonate 

�%����% 0.1 ml 	�$��:$� immunogen �/(�$	
�����'� immunogen -+	��������		%���

	%)�/�))
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�$	��	����
"������ Western blot analysis �/(�$�%�����,�%
�&$"'�+���$"���-+	

immunized ���� crude bacterial lysate ��	�%�%��"�$����$����$ TcpA protein '%($��� 
��

��� nitrocellulose membrane ��� blot ������� SDS-PAGE separated-crude bacterial lysate  

����� ���	%���	
�,�%
�&$" immunized mice �����($��" 1:200 (,�%
�����)���$� ���-+	����� 

absorbed ���� E. coli 2096 	�$��/(�$�� background antibody ��$ E. coli 2096 ,!�"��#� host 

strain) ��	�%���$"��� Western blot analysis /���� mice ���-+	 immunized ���� TcpA + 

adjuvant ��" intraperitoneal route �%��"�$����$����$
�%������ molecular weight �%)��> 

25 kDa (Figure 3.11, lanes 3 ��) 4) 
�����/� antibody ����� serum 	�$� immunize 

(Figure 3.11, lanes 1��) 2) ���� mice ���-+	 immunize ��" oral route 	8����%-�%��" 

antibody ��$
�%������ molecular weight �%"	
�����%��"�� mice 	�5����� immunized 
�� 

intraperitoneal injection ����	
� (Figure 3.11, lanes 7 ��) 8)

12. ���@�#� purified TcpA protein

��	�%M!	Q� immunogenicity &$" TcpA �����������#���$"��� purified TcpA 

protein ��	�%�%������
��=���$"�'����
���%��"�$����$����$ TcpA �%�" �
"�
���!"���/����� 

purified TcpA 
����� Sephadex G-75 gel filtration chromatography ��) DEAE 52 anion 

exchange chromatography ����������%- purify TcpA �'��%��5�W�� 100% �������%8� ��$���!"

��������W� affinity column chromatography 
���%��"
�%��� TcpA ����� histidine 6 
���	5����

$�+�������� C-terminal ��) histidines �'����������%-�
�	
� resin �����
�') nickle ��#�$"�=

�%)	$� �!"����'�����%- elute 
�%����������������/�)�
��] $$	����	 column ���J��'�
"

��		�%���"�$������%)	$�$(�� ] &$" E. coli �� host �������
�	
� column $$	��'������

	�%���
���������� 2 &
���$� �($&
���$����'�!�"��#�	�%
��� tcpA gene �&���+� vector 

pTrcHis2 (Invitrogen) ����� histidine ������ 6 
���	5����$�+�������� C-terminal ��)��(�$��� 

clone ����%��"
�%��������$"	�%���� �!"����� induce �'��%��"
�%����%���>��	] 	�$�������+�

&
���$�����$"�($	�%���
�%��������� Probond resin affinity column ,!�"�
������	
�
���	5�

&$" histidine �����!" elute 
�%���$$	��'�
"��	���"����$(���������
�	
� column $$	������

��&
���$� cloning ������ plasmid ��	 VC7 clone ���
����� restriction enzymes 

BamHI ��) XhoI ��������� clone �&���+� vector ������� �($ pTrcHis2A, pTrcHis2B ��) 

pTrcHis2C ,!�" vector ������������������	���"	
��������&$" multiple cloning site $
���#�

���'� reading frames &$"
�%�������) transtate $$	�����"	
� ������ vector �
�"������������

�
����� enzyme �
�"�$"����&��"����($ BamHI ��) XhoI ��������� ligate 	
� 0.8 kb DNA 

fragments &$" VC7 clone ��� elute $$	����	 agarose gel  ��$���!"��� ligated DNA �� 

transform �&���+� E. coli DH5� host ���� screen '� clone ������
��	�%��%��� plasmid 

(miniprep) �����
� plasmid DNA ���� restriction enzyme BamHI ��) XhoI ��)�����($	
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�������� insert ����� express 
�����	�% induce ���� 1 mM IPTG �����" early log phase 

growth &$" recombinant clone ���� culture ��$��$�	 2 �� ��-!" late log phase ��	�
���!"

���������%����	 clone ���"]����%��� whole cell lysates �����%�������	�%�%��" 

recombinant protein ��	 insert DNA '%($��� 
����%��������	
� whole cell lysate ��	 

vector �
������	
��������� insert

��	�% clone tcpA gene �&�����
" vector �
�"������� /���� tcpA insert ��� clone 

�&���+� pTrcHis2A �����
������%��" recombinant protein ��	 Figure 3.12  �)�'8���� clone �����

�/��" vector pTrcHis2A 	�$� (lane 1) ��)'�
" (lane 2) 	�% induce ���� 1 mM IPTG �)���

��	�%�%��"
�%���/��MQ��] �/���&!����	
�%����	�� ���
�%�����	 clones A3, A5, A6 ����� 

tcpA insert /������	�%�%��"
�%���&����%)��> 25 kDa ��(�$	�% induce ���� 1 mM IPTG

(lanes 4, 6, ��) 8) ��)��%��������	
� protein profile 	�$� IPTG induction (lanes 3, 5 

��) 7)

��(�$/���� recombinant clone ����%- express 
�%�����:�'�����������!"��� E. 

coli clone �������"�/(�$��%��� cell lysate &
���$�	�%��%���
����$ �($��� bacterial culture ��� 

induce ���� 1 mM IPTG 50 ml �� centrifuge �'���� cell pellet �����!"������)����� 

guanidinium lysis buffer, pH 7.8 �%����% 10 ml 
�����$��'��	�� cell lysis ���$5>'J+��'�$"

�%)��> 5-10 ����  ��$��	�
���!"����� sonicate �������8� �/(�$ shear DNA ��) RNA 	�$�

����� centrifuge �/(�$��	 cell debris $$	�� ����������� supernatant �����"��#� 2 ����]

�) 5 ml �/(�$��� affinity column ��$��

��� E. coli lysate 5 ml �%	�� incubate 	
� Invitrogen’s Probond resin ��#����� 

10 ���� �/(�$�'� polyhistidine-tagged protein �
�	
� nickle �� resin �������"�'� resin �	

�)	$��"���$" ('%($$����� low speed centrifugation; 800 � g 	8���) ��$��	�
����	�������

��#�����$$	�� ��)��� 5 ml lysate ������� 2 ���,���&��"��� '�
"��	�
�����" protein $(��] ������

�
�	
� nickle �� resin �
"���

� ���" 2 �%
�"���� denaturing binding buffer (�%����% 4 ml � 2) (8M urea, 20 

mM sodium phosphate, 500 mM sodium chloride, pH 7.8)

� ���" 2 �%
�"���� denaturing wash buffer 6.0 (4 ml � 2) (8M urea, 20 mM 

sodium phosphate, 500 mM sodium chloride, pH 6.0)

� ���" 2 �%
�"���� denaturing wash buffer 5.3 (4 ml � 2) (8M urea, 20 mM 

sodium phosphate, 500 mM sodium chloride, pH 5.3)
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&
���$��5������($	�% elute protein ��:�'���$$	����	 column ���� denaturing 

elution buffer 4.0 (5 ml) (8M urea, 20 mM sodium phosphate, 500 mM sodium chloride, 

pH 4.0) 
���	8���	 elute ��#� fractions (1 ml) ��)�������) fraction���
� OD280 ����� 

protein -+	 elute $$	���%�" ��$��	�
�����
�%���������) fraction �� dialyse �� 10 mM 

Tris, pH 8.0, 0.1% Triton X-100 �/(�$	���
� urea $$	�� �����������) fraction ���%���+ 

protein profile ������W� SDS-PAGE �/(�$�+��� protein �%��5�W�������$"	�%$�+���� fraction �� ��	 

Figure 3.13 �)�'8���� protein profile &$" fractions 1 ��) 2 ���-+	 elute ��	 affinity column

��
�%���&��� 25 kDa ,!�"����)��#� TcpA

13. ��������� recombinant cholera toxin (rCT) 
�� procholeragenoid (P)

�����%)	$�'�
	&$" oral cholera vaccine ����>)�+����
�������$����($ 

lipopolysacharide, TcpA (fimbriae) ��) procholeragenoid (P) ,!�" P 	8�($ heat-inactivated, 

high molecular weight cholera toxin (CT) ,!�"���������#�/�Q�($ A-subunit �)-+	��������

�	($�'�� �'�($ B-subunit ,!�"��#� immunogen �������
{&$" oral vaccine ����)	%)�5���'�%��"

	��&$"
���=�%��"�$����$����$ B-subunit ,!�"�)&
�&��"	�%�
�&$" CT 	
� GM1 

gangioside �+����
������� recombinant E. coli strain MC1061 ,!�"���� cholera toxin (CT) ���

���%���>��	�������#� source &$" cholera toxin 
�������W�	�%��%��� cholera toxin ,!�"���

$W�������
�� Uresaka et al., 1994 ,!�"�%5����
����$�($�����" E. coli strain MC1061�� LB 

broth ����� ampicillin ���$�+� 100 �g/ml 
���&�����(�$��� 37�C &����(� �����!"�	8� cell pellet 


�� centrifugation ��$��	�
����� cell pellet ���)����� 10 mM Tris-HCl buffer, pH 8.6 ,!�"

��� 0.9% NaCl ������� bacterial cell suspension �� sonicate �/(�$�'��,��=��	 ��	�
�� 

centrifuge �/(�$��	 cell debris $$	��	�$�������� supernatant ���	�)	$�
�%��� 
������

��% ammonium sulfate �'���������&��&�� 65% saturation (516 g/litre)  �����!"�	8��)	$�


�%���������
�� centrifuge ��� 10,000 � g ��#����� 20 ���� �)	$�
�%���������������)����� 

TEAN buffer (50 mM Tris-HCl buffer pH 7.4 containing 0.2 M NaCl, 3 mM NaN3, 1 mM 

EDTA) ��������� dialyse &����(� �� buffer �����	
����  
�%������������������ immobilized 

galactose column ��)��(�$"��	 B-subunit &$" CT ��������� galactose �!"����%-�
�	
� 

column ������ ��$��	�
�����"
�%���$(��] &$" E. coli host $$	���'�'������ TEAN buffer ��

	%)�
�" eluate ����� OD280 ��#� 0 ��$��	�
���!" elute CT $$	��	 immobilized column ���� 

0.5 M galactose �� TEAN buffer ��)�	8� 1 ml fractions ����� dialyse ������	�
�� ��)�%��

�+ protein profile 
����W� SDS-PAGE �)�'8���	 Figure 3.14 ��� CT ���-+	 elute $$	����(�$

���������� sample buffer ����� 2-mercaptoethanol ���$�+��)��� protein bands ��� molecular 

weights 30 ��) 10 kDa ,!�"�%"	
� ����'�
	&$" A ��) B subunits &$" CT �������
�
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Recombinant CT protein ���������������(�$����� heat-inactivated �/(�$���������� A-

subunit ,!�"��#����� active toxin �������'��	��$�	�%$5���%)%��"�%��	��� procholeragenoid (P) 

,!�"�)�����#������%)	$�&$" oral cholera vaccine ���'%
�	�%���
���&
����$��
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�������������	 3 "��!��	 2:

����%"�����"#�J#M����� liposome 
�� CpG DNA

$"�=�%)	$�&$" oral cholera vaccine ������$
���>)�+����
��)�%)	$�����

fimbriae '%($ toxin co-regulated pili protein (TcpA), procholeragenoid ��) 

lipopolysaccharide ��	 V. cholerae O1 �+����
��)���$��
�,��
����� adjuvant 2 ���� �($ 

liposome ��) CpG DNA ��� adjuvants �
�"�$"��������)����%-�/��� immunogenicity &$" 

vaccine ���'%($��� 
���)���	�%���$"��'�+ rat ��)�)�%�����'�+�'�������%��"�$����$����$ 

immunogen ����)$���"��	-��$��/��"�� 
���)�%���+�������,��=��������$����$�� (plasma 

cells) �������������/�)��$ immunogen ����)���� �� lamina propria tissue section
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�����	 3.11 Western blot analysis ��� mouse serum ��� bacterial lysate ��� E. coli
clone ��	@�#� TcpA protein

'�+	�5���%	-+	 immunize 
����" intraperitoneal route; Lanes 1 ��) 2 ��#� 

serum samples &$"'�+�	��	�$�-+	 immunize ���� TcpA + adjuvant ��" 

intraperitoneal route ��) lanes 3 ��) 4 ��#� serum samples &$"'�+�$"�
�

����'�
"��	-+	 immunized ���� TcpA ���� 3 doses

'�+	�5������$"-+	 immunized 
����" oral route; Lanes 5 ��) 6 ��#� serum 

samples 	�$����%
� immunogen ��) lanes 7 ��) 8 ��#� serum samples '�
"

��	 immunized ���� 3 doses

�+	M%����%"%)�
� protein band ����������)��#� band &$" immuno complex &$" 

TcpA protein 	
��$����$��
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�����	 3.12 
"%� SDS-PAGE patterns ��������!  ��� expression vector

pTrcHis2A ��	��
��=���� insert ��� tcpA gene

lane 1,  bacterial lysate &$" E. coli strain ����� vector pTrcHis2A 	�$� IPTG induction

lane 2,  bacterial lysate &$" E. coli strain ����� vector pTrcHis2A '�
" IPTG induction

lane 3,  bacterial lysate &$" E. coli strain A3 ����� pTrcHis2A ��) tcpA insert 	�$� IPTG

induction

lane 4,  bacterial lysate &$" E. coli strain A3 ����� pTrcHis2A ��) tcpA insert '�
" IPTG

induction

lane 5,  bacterial lysate &$" E. coli strain A5 ����� pTrcHis2A ��) tcpA insert 	�$� IPTG

induction

lane 6,  bacterial lysate &$" E. coli strain A5 ����� pTrcHis2A ��) tcpA insert '�
" IPTG

induction

lane 7,  bacterial lysate &$" E. coli strain A6 ����� pTrcHis2A ��) tcpA insert 	�$� IPTG

induction

lane 8,  bacterial lysate &$" E. coli strain A6 ����� pTrcHis2A ��) tcpA insert '�
" IPTG

induction

Lane &���5��($ standard molecular weights
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�����	 3.13 Protein profile ��� purified TcpA protein fractions 1 (F1) 
�� 2 (F2) ��	Y��

elute 
�� Probond Nickle affinity column ;<	� purified protein ��

molecular weight �����+ 25 kDa
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�����	 3.14 
"%� protein profiles �!�>:!��!��������� recombinant CT

Lane 1, protein profile &$" E. coli MC1061

Lanes 2-5, protein profiles ��	 fractions ���"] ��� elute $$	����	

immobilized galactose column

�+	M%������ bands &$" CT-A (
 30kDa) ��) CT-B (
 10 kDa) subunits
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 �
�,��$'����=,!�"�%)	$����� immunogens ���������������������$�'� 

immunogenicity ���
��=���$"�($ rat model �� formulations ���"]	
��($:

Vaccine 1: �%)	$����� TcpA, P, LPS (immunogens), liposomes (delivery 

vehicle) ��) CpGDNA (ODN#1826) ,!�"���'��������#� adjuvant �
�"���
��

��� TcpA 5 mg, P 200 �g, LPS 5 mg, CpGDNA 100 �g [
����%��� 

liposomes ��	 cholesterol ��) sphingomyelin �����W�&$" Chaicumpa 

et al. (1990)] �� 3 ml  5% NaHCO3

Vaccine 2: �%)	$����� immunogens �
�"������� (�($ TcpA, P ��) LPS 
������

	
� vaccine 1), liposomes ��) non-CpGDNA (ODN#1928) (100 �g) �� 

3 ml  5% NaHCO3

Vaccine 3: �%)	$����� TcpA, P ��) LPS ��) liposomes 
������� CpGDNA 

(ODN#1826) 
������	
� vaccine 1 �� 3 ml  5% NaHCO3

Vaccine 4: �%)	$����� TcpA, P ��) LPS ��) CpGDNA (ODN#1826) 
������� 

liposomes 
������	
� vaccine 1 �� 3 ml  5% NaHCO3

Vaccine 5: �%)	$����� TcpA, P ��) LPS ��) non-CpGDNA (ODN#1928) 
�����

�� liposomes 
������	
� vaccine 2 �� 3 ml  5% NaHCO3

Vaccine 6: �%)	$����� immunogens �
�"������� (TcpA, P ��) LPS) �����
�� 
��

����	
� vaccine 1 �� 3 ml  5% NaHCO3

�$	��	��������%��� Placebos $�	����+�%�($

Placebo 1: �%)	$����� liposomes �/��"$���"����� �� 3 ml  5% NaHCO3

Placebo 2: �%)	$����� CpG DNA (ODN#1826) �/��"$���"����� (100 �g) �� 3 ml  

5% NaHCO3

Placebo 3: �%)	$����� 5% NaHCO3 solution �%����% 3 ml ,!�"�����#� diluent &$" 

vaccine �5	 formulation �� 3 ml  5% NaHCO3
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��������� recombinant TcpA

��� VC7 clone ,!�" carry tcpA gene ��� ligated $�+�	
� vector pBluescript II KS 
��

�	�� plasmid system ����)��$" maintain ���$5>'J+�������($ 30�C �����(�$������/���$5>'J+����#� 

42�C �)����%- inactivate repressor protein ��)����'���	�%�%��" T7 RNA polymerase

��)���5�������	�% express TcpA ,!�" TcpA ��&����%)��> 23-25 kDa �����(�$"��		�% 

purify tcpA 
�� gel filtration '%($ ion exchange column chromatographies �������5�"��	 

�%��!"��� subclone �&������ vectors pTrcHis 2 A, B ��) C �����!" transform vectors �&���� 

E. coli DH5� /���� plasmid TrcHis 2 A ,!�" transform �&�� E. coli DH5� ����%- 

express TcpA ��� ��� TrcHis 2 B ��) TrcHis 2 C ��� express TcpA

��	�%��%��� TcpA ������ recombinant E. coli �� inoculate �"�� LB broth 3 ml

,!�"��� ampicillin 50 �g/ml ���� incubate ��� 37�C /%�$��&���&����(� �
�%5�"&!����� inoculate 

overnight culture �%���> 1 ml �"�� LB broth 50 ml (��� amplicillin 50 �g/ml) incubate 

��� 37�C /%�$��&��� 3 �
��
�" ���� OD ��� 600 nm = 0.6 (�,��=$�+��� mid-log phase) ���� 

IPTG �"�� culture �'���������&��&�� 1 mM (0.5 ml &$" 100 mM IPTG) ���� incubate ��$

$�	 2 �
��
�"��� 37�C ��	�
����� culture ��������� 8,000 � g ��� 4�C ��#����� 15 ���� ��� 

pellet �� resuspend �� denaturing binding buffer ������������� purify ProBond

Purification System �/(�$�����#��
�,����$��

��������� LPS

��� extract LPS ��	 Vibrio cholerae biotype El Tor strain O17SR 
�� phenol-

water extraction method (Westphal and Jann, 1965)

��������� Procholeragenoid (P)

Procholeragenoid (P) �($ heat-mediated conversion of CT (cholera toxin '%($ 

choleragen) �/(�$�'���#� cholera toxoid (B-subunits ,!�"�� trace activity of A-subunit �'�($

$�+�����	�� 5% &$" holotoxin) �
�"���
��	�%��� CT �� heat ��� 65�C ��#����� 15 ���� -�� 

heat ���	������ (25 ����) �)�� activity &$" subunit A (toxicity) �'�($ 1 % 	�%������������ 

activity &$" CT A-subunit �'�'��	8�/%�)��$"	�%�'� A-subunit ��#� adjuvant ��) break 

oral tolerance ��$ protein antigen ����

�����%��� CT ��	 recombinant E. coli MC 1061 (pKTJ5-15X) ,!�"��� clone ctx

genes ������� 
����� recombinant E. coli �� streak �� agar plate ,!�"�� ampicillin ���$�+� 

100 �g/ml �/(�$�'���� single colonies '�
"��	 incubate &����(���� 37�C ��� colonies ��	 
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plate �%)��> 1 loop �� inoculate �� LB broth ,!�"��� ampicillin (100 �g/ml) ���� 

incubate /%�$��&������ 37�C ��#����� 3 �
��
�" ��	�
������� inoculate �"�� LB broth 500 

ml (��� ampicillin 100 �g/ml) ���� incubate /%�$��&������ 37�C &����(�

���
�%5�"&!����� culture �������/(�$�'���� cell pellet ��	�
�� resuspended pellet �� 

10 mM Tris-HCl buffer, pH 8.6 ,!�"��� 0.9% NaCl ��	�
����� cell suspension ������'�

�,��=��	
����� sonication ��� 20 kHz, 2 ���� 5 �%
�" �����$� supernatant ����������	

�)	$�����	�%���� ammonium sulfate �'���#� 65% saturation (516 g/liter) ������� 

precipitate ���)����� TEAN buffer, pH 7.4 '�
"��	 dialyse �$� ammonium sulfate $$	

�� buffer �����	
������)��� “crude CT”

��� crude CT �� purify �'���� pure CT 
����� galactose column chromatography 

(Pierce Co., Rockford, USA) ��)��� technique �'�($�	
���W���%��� LT ��	 ETEC (
�%��+

��W�	�%��
�%"	�%��$���� 2 '��� 41 ��) 42)

��������� rabbit anti-CT immunoglobulins

��� immunized 	%)���� (2-2.5 kg) ���� cholera toxin �����%�"��� 3.1

������)��($���	'
���	%)�������
���� 64 (Day 64) ������	,�%
��/(�$������	�)	$�

�$� immunoglobulins 
����� ammonium sulfate precipitation (50% saturation)

��������� rabbit anti-TcpA

��� immunized 	%)���� ���� purified TcpA

'�
"��	 immunized �%
�"�5����������$"�
���'= ������)��($���	'
���	%)������

��	�$�,�%
��/(�$��%��� immunoglobulins ���������	
�	�%��%��� rabbit anti-CT 

immunoglobulins

��������� Anti-V. cholerae O1 LPS

��� mouse monoclonal antibodies ,!�" specific ��$ V. cholerae O1 LPS ��	 

hybridoma clone 27E10 
�����%
������$(�$����$��	�%�Q
� Sciences Development and 

Management Ltd. ,!�",(�$���W��
�% clone �
"	��������	 ����. (Chaicumpa et al., 1995)



168

�������	 3.1  Rabbit immunization schedule and dosages of CT

Day CT (�g/ml NSS)

0 4

8 10

15 20

33 40

43 40

50 40
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">��/�%���
����� immunize

�
��=���$"��������	�%���
���������($ Wistar rats ,!�"��$��5 8 �
���'=&>)�%���	�%

���$" 
��,(�$����	����
	�
��=���$"�'�"���� �'�������
��'��� ���"$$	��#� 9 	�5�� 	�5��

�) 5 �
�(�����"%��	
� 5 �
���$'�!�"	%") ��� sterile woodchips ��#� bedding ��)�����"����

$�'�%'�+,(�$��	�%�Q
� ,� /� ���������(����#�����	%$"��)'�$"�%
�$�	�M

	�$��%���	�%���$"��������"'�+�'�$�+���'�$"�����"�
��=����>)���M���%=�&�%�$���#�

����'�!�"�
���'=�/(�$�'����	
��J��)'�$"�����"�'�� ��)����������%����"

����'�'�+$�$�'�%��#����� 15 �
��
�" 	�$��:$��
�,���
��)'�!�"
��,!�"�)���$�+��� 

5% NaHCO3 �%���> 3 ml 
����� Luer fitting cannula ,!�"������#�
�')	�� �$��&���� 

esophagus (Campbell, 1991)

'�+����)	�5�����%
� oral vaccine '%($ placebo %���
�"�����
��)���
�� 
������

%)�)'��"%)'���"
���$"�
���'=

�����[��>������
��������
!>�
'�!�!�;��/��	@�#�
�!�#��%��!�'�="�

'�
"��	�:$��
�,��
���5������%���8��
� ����'�'�+ rats $�$�'�%��#����� 24 �
��


�" (����'������(������	��) ��"�����'�+ rat ����)�
����� diethylether ����������� �!"���)

��($��/(�$��	�$�;��>� ��) peripheral blood mononuclear cells (PBMC) 	�$����'�+
����W� 

cervical dislocation ��	�
���������'�����$"'�+����)�
� �
��$���������8	��$��������$$	

�����"�
�"���� serosal ��) mucosal surface ���� cold PBS, pH 7.2 �
���������8	��	 

pyrolus �%)��> 28-32 ,�. ��#���������%)��>�����) 1 ,�. �	8��� disposable molds ,!�"�� 

OCT (frozen section medium) �%%�5$�+� ������	8���� –70�C �/(�$����%��'���)�
������� 

antibody producing cell (AbPC) �� lamina propria ��$�� ������W� double antibody 

sandwich method of immunofluorescence ,!�"��&
���$��
" Diagram 2

��	�%�
��������,��=����%($"��" fluorescein (AbPC) ��$�$����������)������� 

tissue sections ������ 2 sections ��$'�+ 1 �
� %�� 10 sections �� ����)	�5�� (	�5���) 5 

�
�) ������) section ����
������� AbPC �� 25 microscopic fields (	���
"&���&>)�
��,��= 

10 ocular � 10 objective) %���
�"����������)	�5���)�
��,��=�
�"'���� 250 microscopic 

fields �/(�$�����'�����6���� ( X ) ��) standard deviation (SD)
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Diagram 2 : 
"%��>:!��!������
��
��!>�
'�!�! antibody producing cells

(AbPC) �! jejunal sections ��� immunized rats %����#J� double

antibody sandwich method of immunofluorescence

blocked with 10% normal rabbit serum in PBS,    

pH 7.2

 fixed with methanol (3-5 min), air-dried

 washed with PBS, pH 7.2 (10 min)

washed with PBS, pH 7.2 (30 min)

washed with PBS, pH 7.2

washed with PBS, pH 7.2, blot dried

Jejunal sections (5 �m)

Incubate 30 min with antigen (either 10 �g/ml pure TcpA,

10 �g/ml pure LPS or 2 �g/ml pure CT)

Incubate 30 min with either anti-TcpA, anti-LPS, or anti-CT

Incubate 30 min with either swine anti-rabbit- or rabbit anti-mouse

immunoglobulins labeled with FITC

Count fluoresced cells in lamina propria using fluorescence microscope

(10 � 10)
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@�����#
>�

	�%���$� Immunogenicity &$"�
�,���
�" 6 formulations ��) 3 placebos ��	�% 

induce AbPC ��������&$"'�+ rat ���$" �/(�$�+��� CpGDNA �)�����#� oral adjuvant �� 

mucosal vaccine ���'%($��� ��%��������	
� placebos 3 	�5�� ������
"��$�����

��%�"��� 3.2 ���"������ antibody producing cells (����6������) standard

deviation) ��(�$�
����� microscopic magnification 10� ��) objective 10� ��$ 1

microscopic field

/���� ������ anti-LPS &$"	�5����� 1-9 �($ 118.72�2.47, 109.23�2.59, 108.06�
2.27, 86.85�2.11, 80.11�2.20, 80.08�2.58, 12.15�0.39, 8.48�0.31, ��) 8.02�0.41

�������
�

��������6���������� anti-TCP producing cells &$"	�5����� 1-9 �($ 47.70�0.54,

43.10�0.67, 43.17�0.64, 37.30�0.58, 34.24�0.65, 34.68�0.43, 7.10�0.23, 5.70�
0.19, ��) 5.74�0.17 �������
�

����6���������� anti-CT producing cells ��$ 1 microscopic field �($ 111.73�2.55,

94.38�2.13, 93.51�2.27, 83.44�2.21, 74.74�2.16, 74.80�2.02, 9.04�0.41, 5.59�
0.44, ��) 5.01�0.18 �������
�

�
"�
�� vaccine formulation 1 ,!�"���$�������
�"��������($ LPS, TCP ��)

procholeragenoid (P) associate 	
� liposome (L) ��)��� bacterial CpG DNA (# OKN

1826) �!"�� immunogenicity �+"����5� ,!�"����%-�&��� order of magnitude &$"

immunogenicity ��� �
"���

1>2, 3>4, 5, 6>7, 8, 9 (p<0.05)
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�������	 3.2 
"%�
'�!�! antigen specific antibody producing cells �! intestinal 

(jejunal) sections ����!� rats �>:������������	=%��>��>�;�!�>:��� 

formulations 
�� placebos "��&!#%

Average numbers (� S.E.) of  AbPCs specific to:
Group no.

Anti-LPS Anti-TcpA Anti-CT

1   118.72 (� 2.47)*   47.70 (� 0.54)*   111.73 (� 2.55)*

2 109.23 (� 2.59) 43.10 (� 0.67)   94.38 (� 2.13)

3 108.06 (� 2.27) 43.17 (� 0.64)   93.51 (� 2.27)

4  86.85 (� 2.11) 37.30 (� 0.58)   83.44 (� 2.21)

5  80.11 (� 2.20) 34.24 (� 0.65)   74.74 (� 2.16)

6  80.08 (� 2.58) 34.68 (� 0.43)   74.80 (� 2.02)

7  12.15 (� 0.39)   7.10 (� 0.23)     9.04 (� 0.41)

8    8.48 (� 0.31)   5.70 (� 0.19)     5.59 (� 0.44)

9    8.02 (� 0.41)   5.74 (� 0.17)     5.01 (� 0.18)

* �
���	 2 sections &$"'�+����)�
� section �) 10 microscopic fields ,!�"������)

	�5����'�+ 5 �
� �
"�
��������)	�5���!"��#�����6������	 250 microscopic fields (	���
"&��� 10

ocular � 10 objective)
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Figure 3.15 a)  Anti-LPS producing cells in jejunal lamina propria of rat at villous

core (group 1); 10 � ocular, 10 � objective

b)  Liposome control

a)

b)

AbPC

AbPC

AbPC

AbPC

AbPC



174

Selected References

 Attridge, S R, Voss, E and Manning, P A.  Pathogenic and vaccine significance of 

toxin-coregulated pili of Vibrio cholerae E1 Tor.  Journal of Biotechnology 1999;

73: 109-17.

Cooper, G N and Narendranathan, R.  Antibacterial immunity to Vibrio cholerae in rats. 

Journal of Medical Microbiology 1986; 22: 133.

Hanahan, D.  Techniques for transformation of E. coli. DNA cloning : a practical 

approach,  Glover, D M (ed.). 1970; Vol. 1. IRL Press, Oxford and Washington 

D.C.

Tabor, S and Richardson,CC.  A bacteriophage T7 RNA polymerase/promoter system

for controlled exclusive expression of specific genes.  Proc Natl Acad Sci USA

1985; 82: 1074-8.

References

Anderson PM, Hanson DC, Haz DE, Halet MR, Blazar BR, Ochoa AC. Cytokines in

liposomes: preliminary studies with IL-1, IL-2, IL-6, GM-CSF and interferon-
.
Cytokine 1994; 6: 92-101.

Bradford MM.  A rapid and sensitive method for the quantitation of microgram quantities

of protein utilizing the principle of protein-dye binding.  Anal Biochem  1976; 72:

248-54.

Chaicumpa W, Chaisri U, Tapchaisri P, et al. Oral vaccine against cholera prepared

from V. cholerae antigens. Southeast Asian J Trop Med Public Health 1987; 18:

142-8.

Chaicumpa W, Chongsa-nguan M, Kalambaheti T, et al. Immunogenicity of liposome-

associated and refined antigen oral cholera vaccines in Thai volunteers. Vaccine

1998; 16(7): 678-84.

Chaicumpa W, Parairo J, New RC, et al.  Immunogenicity of liposome-associated oral

cholera vaccine prepared from combined Vibrio cholerae antigens.  Asian Pac J

Allergy Immunol 1990; 8: 87-94.



175

Chaicumpa W, Parairo J.  Liposomes and their potential in oral cholera vaccines. Asian

Pac J Allergy Immunol 1988; 6: 70-6.

Chaicumpa W, Thattiyaphong A, Chongsa-nguan M, et al. Rapid detection of V.

cholerae O1.  Serodiag Immunother Infect Dis 1995; 7(4): 161-72.

Ehara M, Ishibashi M, Ichinose Y, et al.  Purification and partial characterization of

fimbriae of Vibrio cholerae O1.  Vaccine 1987; 5: 283-5.

Ehara M, Iwami M, Ichinose Y, et al.  Purification and partial characterization of

fimbriated of Vibrio cholerae O1 strain Bgd 17.  Trop Med 1991; 33(4): 109-25.

Finkelstein RA, Boesman- Finkelstein M, Chang Y, Hase CC.  Vibrio cholerae

hemagglutinin/protease, colonial variation, virulence, and detachment.  Infect

Immun 1992; 60(2): 472-8.

Freter R, Jones GW.  Models for studying the role of bacterial attachment in virulence

and pathogenesis.  Rev Infect Dis 1983; 5: 647-58.

Freter R.  Mechanism of association of bacteria with mucosal surfaces.  Ciba Found

Symp 1981; 80: 36-55.

Gregoriadis G, Gursel I, Gursel M, McCormack B.  Liposomes as immunological

adjuvants and vaccine carriers.  J Control Release 1996; 41: 49-56.

Harokopakis E, Hajishengallis G, Michalek SM.  Effectiveness of liposomes possessing

surface-linked recombinant B subunit of cholera toxin as an oral antigen delivery

system.  Infect Immun 1998; 66 (9): 4299-304.

Holmgren J, Lonnroth I, Mansson J-E, Svennerholm AM.  Interaction of cholera toxin

and membrane GM1 ganglioside of the small intestine.  Proc Natl Acad USA

1975; 72: 2520-4.

Holmgren J, Lonnroth I, Svennerholm AM.  Tissue receptor for cholera exotoxin:

postulated structure studies with GM1 ganglioside and related glycolipids. Infect

Immun 1973; 8: 208-14.

Honda T, Lertpocasombat K, Hata A, Miwatani T, Finkelstein RA.  Purification and

characterization of protease produced by Vibrio cholerae non -O1 and



176

comparision with protease of Vibrio cholerae O1.  Infect Immun 1989; 57(9):

2799-803.

Husband AJ.  Mucosal memory-maintenance and recruitment.  Vet Immunol and

Immunopathol 2002; 87: 131-6.

Kalambaheti T, Chaisri U, Srimanote P, et al.  Immunogenicity and protective role of

three formulations of oral cholera vaccine.  Vaccine 1998; 16 (2-3): 201-7.

Klinman DM, Yi AK, Beaucage SL, et al.  CpG motifs present in bacteria DNA rapidly

induce lymphocytes to secrete interleukin-6, interleukin-12, and interferon

gamma.  Proc Natl Acad Sci USA 1996; 93 (7): 2879-83.

Krieg AM, Hartmann G, Yi AK.  Mechanism of action of CpG DNA.  Curr Top Microbiol

Immunol 2000; 247: 1-21.

Krieg AM, Yi AK, Matson S, et al. CpG motifs in bacterial DNA trigger direct B-cell

activation. Nature 1995; 374 (6522): 546-549.

Krieg AM.  The role of CpG motifs in innate immunity.  Curr Opin Immunol 2000; 12(1):

35-43.

McCluskie MJ, Weeratna RD, Krieg AM, et al.  CpG DNA is an effective oral adjuvant to

protein antigens in mice.  Vaccine 2001; 19: 950–7.

Moldoveanu Z, Love-Homan L, Huang WQ, et al.  CpG DNA, a novel immune enhancer

for systemic and mucosal immunization with influenza virus.  Vaccine 1998; 16

(11-12): 1216-24.

Newby JJ and Stokes CR.  Local immune responses of the gut.  CRC Press, Boca

Raton, 1984; p. 143.

Ogierman MA, Zobihi S, Mourtzios L and Manning PA.  Genetic organization and

sequence of the promoter-distal region of the tcp gene cluster of Vibrio cholerae.

Gene 1993; 126: 51-60.

Szoka F Jr, Papahadjopoulos, D.  Procedure for preparation of liposomes with large

internal aqueous space and high capture by reverse-phase evaporation.  Proc

Natl Acad Sci USA 1978; (9): 4194-8.



177

Tacket CO, Cohen MB, Wasserman SS, et al.  Randomized, double-blind, placebo

controlled, multicentered trial of the efficacy of a single dose of live oral cholera

vaccine CVD 103-HgR in preventing cholera following challenge with Vibrio

cholerae O1 El Tor Inaba three months after vaccination.  Infect Immun 1999; 67

(12): 6341-6345.

Tacket CO, Kotloff KL, Losonsky G, et al.  Volunteer studies investigating the safety and

efficacy of live oral El Tor V. cholerae O1 vaccine strain CVD111.  Am J Trop

Med Hyg 1997; 56: 533-7.

Tacket CO, Losonsky G, Nataro JP, et al.  Safety and immunogenicity of live oral

cholera vaccine candidate CVD110, a �ctxA �zot �ace derivative of El Tor

Ogawa V. cholerae.  J Infec Dis 1993; 168: 1536-1540.

Wagner H, Hacker H, Lipford GB.  Immunostimulatory DNA sequences help to eradicate

intracellular pathogens.  Springer Semen Immunopathol 2000; 22: 147-52.

Wang Z, Karras JG, Colarusso TP, et al.  Unmethylated CpG motifs protect murine B

lymphocytes against Fas-mediated apoptosis.  Cell Immunol 1997; 180:162-7.

WHO Memorandum.  Intestinal immunity and vaccine development.  Bull WHO 1979;

57: 719-734.

Yoshihiko U, Yoko O, Zaw L, et al. Simple method of purification of Escherichia coli

heat-labile enterotoxin and cholera toxin using immobilized galactose.  Microb

Pathog 1994; 16: 71-6.



3.  Output �������#
>�



179

1. 
'�!�! publications, manuscripts ��	"��=����#��/
��� 
����	�'��>����������	����#��/

1.1. Ittiprasert W, Chongsa-nguan M, Manatrakul D, Jongsuksuntigul P, Meesomboon V,

Wongsaroj T, Kitikoon V, Sakolvaree Y, Hayashi H, Chaicumpa W.  Prevalence of

antibodies to Schistosoma mekongi among inhabitants of the high-risk area of

Thailand.  The Journal of Tropical Medicine and Parasitology 1999; 22(1): 7-14.

1.2. Srimanote P, Ittiprasert W, Sermsart B, Chaisri U, Mahannop P, Sakolvaree Y,

Tapchaisri P, Maleewong W, Kurazono H, Hayashi H, Chaicumpa W.  Trichinella

spiralis-specific monoclonal antibodies and affinity-purified antigen-based diagnosis.

Asian Pac J Allergy Immunol 2000; 18: 37-45.

1.3. Ittiprasert W, Butraporn P, Kitikoon V, Klongkamnuankarn K, Pholsena K, Vanisaveth V,

Sakolvaree Y, Chongsa-nguan M, Tapchaisri P, Mahakunkijcharoen Y, Hayashi H,

Chaicumpa W.  Differential diagnosis of schistosomiasis mekongi and trichinellosis in

human.  Parasitology International 2000; 49: 209-18.

1.4. Suppadit T, Kitikoon V, Key JP, Chaicumpa W, Jaturasitha S, Pongpichan P.

Development of broiler litter as valuable animal feed ingradient by mixing casava meal

or effective microorganism by fermentation method.  The Second Symposium on

Sustainable Utilization of Agricultural Byproducts for Animal Production, Chulalongkorn

University Press 2001 ISBN 974-13-1427-2; 19-28.    

1.5. Chaisri U, Nagata M, Kurazono H, Horie H, Tongtawe P, Hayashi H, Watanabe T,

Tapchaisri P, Chongsa-nguan M, Chaicumpa W.  Localization of Shiga toxins of

enterohaemorrhgic Escherichia coli in kidneys of paediatric and geriatric patients with

fatal haemolytic uraemic syndrome.  Microbial Pathogenesis 2001; 31(2): 59-67.

1.6. Sonjai K, Soisangwan R,
 
Sakolvaree Y, Kurazono H, Chongsa-nguan M, Tapchaisri P,

Mahakunkijcharoen
 
Y, Nair GB, Hayashi H, Chaicumpa W.  Validation of salmonellosis

and shigellosis diagnostic test kits at a provincial hospital in Thailand.  Asian Pac J

Allergy Immunol 2001; 19: 115-27.

1.7. Wongsaroj T, Sakolvaree Y, Chaicumpa W, Maleewong W, Kittikoon V, Tapchaisri P,

Chongsa-nguan M, Cross JH.  Affinity purified oval antigen for diagnosis of

opisthorchiasis viverri. Asian Pac J Allergy Immunol 2001; 19: 245-58.

1.8. Saengjaruk P, Chaicumpa W, Watt G, Tapchaisri P, Sittinont C, Tomnakan K,

Wambongco MAL, Chongsa-nguan M, Mahakunkijcharoen Y, Kalambaheti T,

Sakolvaree Y, Naigowit P, Kurazono H, Hayashi H.  Diagnosis of human leptospirosis

by monoclonal antibody based-antigen detection in urine.  J Clin Microbiol  2002; 40(2):

480-9.



180

1.9. Slom TJ, Cortese MM, Gerber SI, Jones RC, Holtz TH, Lopez AS, Zambrano CH, Sufit

RL, Sakolvaree Y, Chaicumpa W, Herwaldt BL, Johnson S.  An outbreak of

eosinophilic meningitis caused by Angiostrongylus cantonensis in travelers returning

from Caribbean.  New Engl J Med 2002; 436(9): 668-75.   

1.10. Suppadit T, Kitikoon V, Key JP, Chaicumpa W, Pongpiachan P, Jaturasitha S.

Utilization of broiler litter as a source of crude protein for cattle: I. The nutritional effect

of different feed modification.  Thai J Agric Sci 2002; 35(4): 427-36.

1.11. Taweetawornsawat P, Chaicumpa W, Chaisri U, Chuanbal U, Sakolvaree Y, Tapchaisri

P, Wongsaroj T.  Specific monoclonal antibodies to Strongyloides stercoralis: A potential

diagnostic reagent for strongyloidiasis. Asian Pac J Allergy Immunol 2002; 20: 247-56.

1.12. Sookrung N, Diraphat P, Chaicumpa W, Tongtawe
 
P, Sakolvaree Y, Tapchaisri P,

Mahakittikul V, Tungtrongchitr A, Vichyanond P, Bunnag C.  Development of a test kit

for detection of cockroach allergens and the study of cockroach allergens in Thai

allergic patients.  Asian Pac J Allergy Immunol 2003; 21(1):1-9.

1.13. Diraphat P, Sookrung N, Chaicumpa W, Pumhirun P, Vichyanond P, Tapchaisri P,

Sookroong N, Kalambaheti T, Mahakunkijcharoen, Sakolvaree Y, Bunnag C.

Recombinant american cockroach component, Per a1, reactive to IgE of Thai allergic

patients.  Asian Pac J Allergy Immunol 2003; 21(1):11-20.

1.14. Samosornsuk S, Von Seidleim L, Robertson S, Ali M, Clemens J, Chaicumpa W.  Use

of cluster survey to estimate treatment preference for diarrhea and dysentery Kangkoi

district, Saraburi province.  Manuscript in preparation

1.15. Wongkamchai S, Choochote W, Jitpuckdee A, Suvanadabba S, Sakolvaree Y,

Tapchaisri P, Loymak S, Chaicumpa W.  An antigen detection assay for diagnosis of

brugian filariasis.  Submitted to Int J Parasitol  

1.16. Leelawongtawon R, Chaicumpa W, Somroop S,
 
Chaisri U, Tongtawe P, Chongsa-

nguan M, Kalambaheti T,
 
Tapchaisri P, Pichayangoon S, Kurazono

 
H, Hayashi

 
H.  Role

of CpG DNA and liposome in immune response to oral cholera vaccine.  Submitted to

“Vaccine”.

1.17. Panutdaporn N, Chongsa-nguan M, Nair GB, Ramamurthy T, Yamasaki S, Chaisri U,

Tongtawe P, Eampokalarp B, Tapchaisri P, Sakolvaree Y, Kurazono H, Ba Thein W,

Hayashi
 
H, Takeda Y, Chaicumpa W.  Genotypes and phenotypes of Shiga toxin

producing-Escherichia coli Isolated from healthy cattle in Thailand.  Accepted for

publication in the Journal of Infections (in press).



181

1.18. Na Ubol M, Chaiyaroj S, Tapchaisri P, Chongsa-nguan M, Sakolvaree Y, Yamazaki S,

Hayashi H, Kurazono H, Chaicumpa W.  Virulence genes of Vibrio cholerae Thailand

isolates.  Manuscript in preparation.

1.19. Lintaworndee S, Sakolvaree Y, Chaicumpa W, Johnson S, Wongsaroj T, Maleewong

W.  Analysis of Angiostrongylus cantonensis antigenic components cross-reactive to

antibidies incited by other helminthes. Manuscript in preparation

1.20. Suwimolteerabut J, Chaicumpa W, Tapchaisri P, Chongsa-nguan M, Kalambaheti T,

Ramasoota P, Saengjaruk P, Sakolvaree Y, Virakul P.  Detection of Leptospira

antigenuria among cattle at farms in Thailand.  Accepted for publication in Asian Pacific

J Allergy Immunol.

1.21. Khan A, Nandi RK, Ramamurthy T, Khanam J, Shimizu T, Yamasaki S, Bhattacharya

SK, Chaicumpa W, Takeda Y and Nair GB.  Environmental isolates of Citrobacter

braakii that agglutinate with Escherichia coli O157 antiserum but do not possess the

genes responsible for the biosynthesis of O157 somatic antigen.  Epidemiol Infect 2003;

130: 179-86.

2. ����������#&����/�!>�"��

2.1 '�
"�($���%)�!	 40 �� �>)���M���%=�&�%�$� �'�������
��'��� �%(�$"

- Diarrhea and Enteric Fever

- Trichinellosis

2.2 '�
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%������(�$/��W��������($� (schistosomiasis) ��)	�%�����6
���	
%�

�
�"�$"
%�������W�	�%��"$�����
�������	�����'�������
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���� 7-9 /�M��	��� 2001 �%(�$" “Immunodiagnosis of Parasitic 

Infections: Western blot analysis” �/(�$�����6
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�
%����
����
%,��” 
����$

�$���	���W��
�%	�%�������%�
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��'��� (�5� post-doc �	�.)

5.3 �%. W�%�%
��=  	)�
�/)�'��

$���%�=%)�
� 6 	���
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	%>=�'�������
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�"�%"���%
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6.1 ��{!���J�!���������	��<�`��#���!#�!J/ (major advisor) ��%>���#||���� ��>�

"��� Ph. D. (Trop. Med.) ��>�"���!�!�&��# ����#����>���#%� ����%8�	�%M!	Q�����
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�W%%�M���%=

8. ��"���/%/%%>  ��%)/
¡�=  ����%8�	�%M!	Q��� 2545  ����5�
�  $���%�=%)�
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"�������%8�	�%M!	Q�

11. /
��%�'{�"�/�%�  �
M��

12. ����
���/��=%$"���  �
�"�%)	�%/"Q=
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1. Test Kits for detection of pathogenic Leptospira antigen in Urine

The diagnostic test kits, namely Lepto-Dot, for detection of Leptospira antigenuria

was provided by Science Development and Management Ltd. (SDM), Thailand.

General description of the test kits

A. Starter kit

 Each starter kit contains :

A.1 Slot-blot device

A.2 Suction pump

A.3 Water trapping flasks

A.4 Rubber bungs and vacuum tubing (A.4)

A.5 Plastic boxes ; Test (T) box (A.5.1) and Control (C) box (A.5.2)

A.6 Antibody conjugate (0.3 ml)

A.7 Enzyme conjugate (0.3 ml)

A.8 Substrate (40 ml)

B. Test kit

Each test kit contains :

B.1 Monoclonal antibodies, 100 ml

B.2 Blocking Solution, 100 ml

B.3 Washing buffer A (100 ml of stock solution). Working solution of washing

buffer A is prepared by mixing 100 ml of the stock solution provided In the

test kit with 2.4 litres of distilled water. This diluted buffer A should be kept

in a tightly sealed container at room temperature for future use.

B.4 Washing buffer B, 100 ml

B.5 Control pieces, 20 pieces contained in a small plastic vial with cap

B.6 Nitrocellulose membrane (NC); 80 x 100 mm, 2 pieces

B.7 Filter paper; 80 X 110 mm, 2 pieces

B.8 Work sheet

* Note : Always store the following reagents/materials at 4�C : A.6, A.7, A.8, B.1, B.2,

B.4, B.5 and B.6
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2. Specimen

2.1 Fresh urine samples, urine stored at 4�C not over than 24 hours or urine 

stored at -20�C (to wait till the sample is dissolved).

2.2 Aliquot individually 1.5 ml of samples to 4 Eppendorf and mark appropriately.

Six ml of urine samples was centrifuged at 12,000 � g for 10 min at room

temperature; 5.5 ml of the supernatant was discarded.  Boil at 100�C in the

water bath for 20 minutes.

3. Procedure of the test

3.1 One NC sheet can be used for 48 urine samples by dividing the NC into two 

portions, i.e. Test NC (T1-T48) and Control NC (C1-C48), as shown below:

1 2 3 4 5 6 7 8 9 10 11 12

A T1 T2 T3 T4 T5 T6 C1 C2 C3 C4 C5 C6

B T7 T8 T9 T10 T11 T12 C7 C8 C9 C10 C11 C12

C T13 T14 T15 T16 T17 T18 C13 C14 C15 C16 C17 C18

D T19 T20 T21 T22 T23 T24 C19 C20 C21 C22 C23 C24

E T25 T26 T27 T28 T29 T30 C25 C26 C27 C28 C29 C30

F T31 T32 T33 T34 T35 T36 C31 C32 C33 C34 C35 C36

G T37 T38 T39 T40 T41 T42 C37 C38 C39 C40 C41 C42

H T43 T44 T45 T46 T47 T48 C43 C44 C45 C46 C47 C48
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Place filter paper (B.7) on the sealed gasket of the Slot-blot device (A.1).  Place the 

NC on top, then cover with upper plate of the Slot-blot device and assemble slightly 

screws.  Connect the device to the suction pump (A.2) which was linked with water 

trapping flasks (A.3) by vacuum tubing (A.4)

3.3 Open suction pump and use automatic pipette and tip pipette 200 �l of urine 

sample and dot onto the plate of Slot-blot device correlating to the work sheet, 

i.e. urine sample no. 1 = T1.  Dot the same specimen onto the C1 to make 

duplicate. Dot specimens no. 2 and so on onto the second and respective 
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holes of Slot-blot device. Use 1 pipette tip for 1 urine sample only. When 

finished, screw off the plate, mark the corner of right low paper and place Test 

NC and Control NC into the T box (A.7). Allow air-dry (about 5 minutes).

3.4 Place a control piece (B.5) into T box. Pour adequate volume of blocking 

solution (B.2) to cover the two NC pieces and the control piece. Leave the box 

at room temperature for 10 minutes with occasional rocking then discard the 

blocking solution.

3.5 Wash the NC pieces and control piece three times with diluted washing buffer 

A (B.3).

3.6 Place Control NC (C1-C48) into C box (A.5.2) while keeping Test NC and 

control piece in T box.

3.7 Pour MAb (B.1) to cover the Test NC and the control piece in the T box; pour 

washing buffer A into C box to cover the Control NC. Leave the two boxes at 

room temperature for 30 minutes with occasional shaking. Discard the MAb 

from the T box.

3.8 Wash Test NC and control piece in the T box 2-3 times with washing buffer A.

3.9 Dilute antibody conjugate (A.6) 1:2,000 with washing buffer A. Discard washing 

buffer A from both boxes and pour the diluted antibody conjugate to the two 

boxes. Leave the boxes at room temperature for 20 minutes with occasional 

shaking. Discard the conjugate and wash the membranes in the two boxes 2-3 

times with washing buffer A.

T1 T2 T3 T4 T5 T6

T7 T8 T9 T10 T11 T12

T13 T14 T15 T16 T17 T18

T19 T20 T21 T22 T23 T24

T25 T26 T27 T28 T29 T30

T31 T32 T33 T34 T35 T36

T37 T38 T39 T40 T41 T42

T43 T44 T45 T46 T47 T48

C1 C2 C3 C4 C5 C6

C7 C8 C9 C10 C11 C12

C13 C14 C15 C16 C17 C18

C19 C20 C21 C22 C23 C24

C25 C26 C27 C28 C29 C30

C31 C32 C33 C34 C35 C36

C37 C38 C39 C40 C41 C42

C43 C44 C45 C46 C47 C48
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3.10 Dilute enzyme conjugate (A.7) 1:2,000 with washing buffer A. Pour the diluted 

enzyme conjugate to the two reaction boxes to cover the NC. Leave at room 

temperature with occasional rocking for 20 minutes. Discard the conjugate and 

wash the NC 2-3 times with washing buffer A. Wash all membranes in the two 

boxes 2 times with washing buffer B (B.4).

3.11 Dilute substrate (A.8) 1:2 with washing buffer B. Pour the diluted substrate into 

the two boxes after discarding the washing buffer B. Cover both boxes with 

aluminium foil or keep the boxes in the dark for 5 minutes. Observe the control 

piece. The positive control on the control piece should develop a purplish-blue 

spot while the negative control shows a clear area. Discard the substrate 

solution from the two boxes and wash all membranes with distilled water.

3.12 Place the membranes on a filter paper and let air-dry. Read the results on the 

Test NC; any spot which contains Leptospira should appear as a purplish-blue 

spot on the Test NC distinguishable from the same on the Control NC which 

should reveal either clear area or spot of other "non-specific" color.

Note: Wash the plastic boxes thoroughly after use.  Also, always use the same boxes as

“Test” and “Control” boxes; as MAb might stick to the box and alternate use might give

positive reaction to the “C” NC renders indistinguishable results between the “T” NC and

the “C” NC in subsequent test.  The forceps used with MAb must be thoroughly wash

before using the same for the “C” series.
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