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��/�?	 

����� Burkholderia pseudomallei �������������!��!����
"��!#�$�%����&
'���
"&���'
(&� �
�#��&
������)!���"�� �*


!�+�
�����, �"-��,��
,����&
������������, ��
��������+�.'�� '
��������
��/
!�!+&���
0��%��(" phagocyte 

,��+&1���!�23�4��"���!#�+���
�����
,5�,����� ���� virulence factors �"-�"���!#�$�%���������6���
%��("�
� 

'
�23�4��-���+���
�����
,���5�,�!� '
��������6��+�
�������5�,�
6��.-�� (quorum sensing) 
�+�

�������,���'
�"��"5��
�"*� (autoinducer) '
�23�4��-�� Acyl Homoserine Lactone (AHL) �!#�!� bpsI �"- 

bpsR �"-�-�� Alkyl Hydro Quinolone (AHQ) �!#�!� hhqA �
��&�61�9��&
5�, AHL �!#����,
�+�'���!� BpsI ��� 

C8-HL �&�61�9+�������
,���5�,'���!� DpsA (3#,�$�%���������
��/����� oxidative stress �
����� /6��+���


'
��-�� bpsIR  ��
,%����*�+���!� bpsR 
!��+��$����%�����$�%������!��!�
!�!+&���6���
0��%��(" epithelial 

�"- macrophage  �$������-�� AHQ ��+������� B. pseudomallei 
!�!� pqsABCDE homologue ����
�
!�!� 

pqsH homologue �"� �$�%���
���
��/����, PQS �
� ����,�
������� HHQ 13,���,��#��!��!#��%������ B. 
pseudomallei +�� hhqABCDE �&�61�9+���!� hhqA �$������!#�
��� �!� pqsA �
� '�'"�!5�,������!#/6� knockout 

�!� hhqA ��!#�+���
���+��'�'"�!5�, wild type �"-��� HHQ ���� negative regulation 5�, elastase ������

5�
�!� hhqA �
�
!�"��������
,���5�, hemolysin, exoproteases, �"- siderophores ����5��%1�"��5�,��+

����� B. pseudomallei �$�%���5��%1/3,�"�����=&�0��5�,'���
"&���'
(&�
��53�� (3#,1-
!��-'���9����,
��%�

�����>������?�,����"-���4��6��@+�'���!� 

 

Abstract 

Gram negative bacteria Burkholderia pseudomallei is causative agent of melioidosis. Acute infection is 

very virulent and chronic infection can be dormant as in tuberculosis. The bacteria can survive in 

phagocyte. This research investigated quorum sensing mechanisms for regulating the expression of 

virulence factors and intracellular survival. The Acyl Homoserine Lactone (AHL) with bpsI and bpsR 

genes the Alkyl Hydro Quinolone (AHQ) with hhqA were studied. BpsI was shown to synthesized C8-HL.  

DpsA, a protein that protect bacteria from oxidative stress was also shown to be under bpsIR control. We 

also showed that bpsR was essential for bacterial survival inside epithelial �"- macrophage. In AHQ 

system, B. pseudomallei has pqsABCDE homologue lacks pqsH homologue which is the reason that it 

was unable to produced PQS but only HHQ. The pqsABCDE homologue thus named hhqABCDE. Gene 

hhqA had shown to be functional homologue of pqsA. Colonies of hhqA-knockout strain is more wrinkle 

than those of the wildtype. HHQ was also shown to be negative regulation of elastase but lacking hhqA 

had no effect on expression hemolysin, exoproteases, and siderophores. Understanding of B. pseudomallei 
machinery will shed more insight into melioidosis pathogenesis and could be useful in development of 

prevention and treatment of the patients affected by this disease. 
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Executive Summary 
 

�
��� 

����� Burkholderia pseudomallei �������������!��!����
"��!#��%�
&�5�,����!�������9 ����&
������!���%��6��!#
!

���!���
������
&����� ��+�� ���� ���� ���$���
��,��� �
�#��&
�����%����$�%����&
'���
"&���'
(&� ������!�
!

"��4.-�!#�&�24�+���������#� ����
�#�����"��4.-�&
������)!���"�� �*
!�+�
�����, ��&
 gram negative septic 

shock �!#�����,�+������� gram negative ��+��#�F �$�%����!��!+&�%��+"��+
��*+ ����+��������!���,��
��/��
,

"��4.-��������&
������������, '
���
��/
!�!+&���
0��%��(" phagocyte ��
��������+�.'�� �"-�$�%����&
 

granulomatous inflammation �
������
!�+��� ���23�4��!� �����
23�4��"���!#�+���
�����
,���%�
���

���,F5�,����� ���� virulence factors �"-�"���!#�$�%���������6���
%��("�
� '
�23�4����!#�-���+���
���

��
,���5�,�!� ����
�#����������!��!��+!1$��+�
��53�� '
�����!��!���
��/����6��+�
�������5�,�
6��.-��

�
� (quorum sensing) 
�+��������,�"-%�����'
�"��"5��
�"*� �!#��������"-�5����+����!��!��
� (autoinducer) 

'
�23�4�",��%��-��5�, autoinducer 2 �-����� �-�� Acyl homoserine lactone �"-�-�� Alkyl hydro 

quinolone 

 

��<G��
%������������ 

���#�23�4�����������!#5�,�-�� quorum sensing ��������
,���5�,�!����,F %������ B. pseudomallei '
�

�
�������23�4������-�� quorum sensing 2 �-��%���F��� �-���!#%����� Acyl Homoserine Lactone (AHL) 

���� inducer �"- �-���!#%����� Alkyl Hydro Quinolone (AHQ) ���� inducer 

 

��.�
-.]/>�>���;,%^,��� 


%�� Acyl Homoserine Lactone Quorum Sensing 

1. ������"-�=&���"��4.-�!�5�,�-�� AHL quorum sensing bpsI �"- bpsR %������ B. pseudomallei 
'
�����$� PCR '�"��&#,�!� �$� sequencing �"- �$� alignment ���!����!������!� homologue ��#�

��+��
!�+�
�"����"3,��� 

2. �
�����,������"�����=9 B. pseudomallei �!#/6� knockout �!� bpsI,  bpsR �"- bpsIR  �+
���,����,������!#
!

����
��� (complement) �!�
�,�"��+
�+��!��!#��6�%��"��
&
 ���#�%��%����23�4������5�,�!� 

3. �&�61�9��&
5�, AHL autoiducer �!#����,1������� B. pseudomallei �+
���, �&�61�9+����&
5�, autoiducer�!#

����,
�+�'���!� BpsI  

4. �&�61�9�+�
��
���=95�,�-�� AHL quorum sensing BpsIR ����������� oxidative stress '
��)��-

�&�61�9+�������
,���5�,'���!� DpsA (3#,�$�%���������
��/����� oxidative stress �
����� /6��+���


'
��-�� bpsIR  
5. ��
,%����*�+���!� bpsR 
!��+��$����%�����$�%������!��!�
!�!+&���6���
0��%��(" epithelial �"- 

macrophage �
� 

 


%�� Alkyl Hydro Quinolone Quorum Sensing 

1. ������"-�=&���"��4.-�!�5�,�-�� AHQ quorum sensing 5�,����� B. pseudomallei '
���!��1�� 

pqsABCDE operon �"-�!� pqsH 5�, P.aeruginosa ��+������� B. pseudomallei 
!�!� pqsABCDE 

homologue ����
�
!�!� pqsH homologue �"� �$�%���
���
��/����,��� Pseudomonas Quinolone 
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Signal (PQS) �
� ����,�
������+������,���5�, PQS ��� ��� Heptyl Hydro Quinolone (HHQ) 13,���,��#��!�

�!#��%������ B. pseudomallei +�� hhqABCDE 

2. �&�61�9�������,��� AHQ 5�,��������
"� ������=9���,F ��+��
!�+�
������,�!#�"���"�� 

3. �$� PCR '�"��&#, �"- �� sequence 5�,�!� hhqA %������ B. pseudomallei �+
���,�
�����,������"�����=9 

B. pseudomallei �!#/6� knockout �!� hhqA �+
���,����,������!#
!����
��� (complement) �!�
�,�"��+


�+��!��!#��6�%��"��
&
 ���#�%��%����23�4������5�,�!� 

4. �&�61�9�����!#5�,�!� hhqA %������ B. pseudomallei �$������!#�
��� �!� pqsA %������ P. aeruginosa �
� 

(functional homologue) 

5. 23�4������!#5�,�!� hhqA %������ B. pseudomallei ��+��  

5.1. '�'"�!5�,������=9�!#/6� knockout �!� hhqA 
!"��4.-��!#�+���
���+��'�'"�!5�, B. 
pseudomallei ������=9 wild type ����,��
�1�  

5.2. ������=9�!#/6� knockout �!� hhqA 
!����$�,��5�, elastase 
��53�� �"-��� HHQ �$������!# 

negative regulation 5�, elastase 

5.3. ���5�
�!� hhqA �
�
!�"��� hemolysin, exoproteases, �"- siderophores  

 

 

^,��������
-.<-�����Y���
��
����(�<� 

1. P. Lumjiaktase, S. P. Diggle, S. Loprasert, S. Tungpradabkul, M. Daykin, M. Camara, P. 

Williams and M. Kunakorn. Quorum sensing regulates dpsA and the oxidative stress 

response in Burkholderia pseudomallei.  Microbiology. 2006;152:3651-3659. 

2. Diggle SP, Lumjiaktase P, Dipilato F, Winzer K, Kunakorn M, Barrett DA, Chhabra SR, 

Camara M, Williams P. Functional Genetic Analysis Reveals a 2-Alkyl-4-Quinolone 

Signaling System in the Human Pathogen Burkholderia pseudomallei and Related 

Bacteria. Chem Biol. 2006;13:701-710. 
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���������+;,%
-.��&	��D+=� 
Burkholderia pseudomallei ��������!��!����
"� (3#,����������5�,�����&
'���
"&���'
(&� 

(melioidosis)  ���������+�!�%���&�+.�!#
!����-��
5�,'��%���-��2��,�/�����!�������9 (3#,��
��/��������

�
�1��
&��"-��"�,��$��&#,%���&�+.�!#��&
����-��
5�,'��  ����&
����� acute septicemic melioidosis 
!�����

��
,�!#
!�+�
�����,�+����������
"���#�F �6��@+�1-�*���"-��!��!+&�%��+"�����+
��*+ ���1���!� 0���"�,1��

�
����������5���6����,��� ��1��������&
���������
�
!������"�+�����+"��"���&��` �"�+13,��&#
��
,����� (3#,

��
,/3,�0�+-����{, (dormant state) 5�,����� '
��!#������!���
��/
!�!+&����,��+�
�0��%��("�"�,1��/6��
*


�"��
5�+1���&�  

�"���$������+���
�����
,���5�,������
"&���'
�&� 
!�-��%��("����!��!��!#%���$������+���
���

��
,���5�,�!��
�#�
!�+�
�������5�,������6, ��!��+���-������6��
6��.- (quorum sensing) '
���� �"������

�!#��!��+�� autoindecer ���
�����("��6��"�
�+"� �
�#����
�,�"��+�-�
1�
!�+�
�5�
5���� �*1-��1����� 

transcription activator ���#���	
�����
,���5�,�!��!#���,����
� (3#,%����������!��!����,F�-���!������-���!#%��

�+���
�����
,���5�, virulence factors ���� elastase, proteinase, ���1��=�����"*�, %���+���
���

��
,���5�,���
�����, 5�,�������,������,F ������� �-���!���1
!�"��������
,���5�,�!��!#��!#�+5��,��� 

virulent factors %������ B. pseudomallei �
� 

  �!�5�,�-������6��
6��.-�
�/6��&�61�9%����������!��!����
"��!#�������&%�"��&
�������� Burkholderia 
pseudomallei ��������� Pseudomonas aeruginosa (9), Burkholderia cepacia (10) �+
/3, Burkholderia 

vietnamensis (11)  �$�%����
�
�+�� �-���!����1-������+�+���
��#+���!#�$������+��3#,�����
!�+��� alternate Sigma 

factor RpoS �+�
��!#�+����-�+��,�-�� quorum sensing �"-�-�� alternate sigma factor RpoS ���� %������ 

Pseudomonas aeruginosa  �"- R. solanacearum �-�� quorum sensing /6��+���
'
� RpoS (12, 13) ��+�%� 

Burkholderia cepacia RpoS �
��
��+���
 �-�� quorum sensing ���
6�"��� RpoS �"��/6��+���
'
��-�� 

quorum sensing (14) 
�,�������23�4��-�� quorum sensing 13,�����&#,�����%1��������,�&#, 

���������,�&,�$����������!�
1. Leelarasamee A. and Bovornkitti S. 1989. Melioidosis: Review and update. Rev. Infect. Dis. 11:413-425. 
2. Jones, A. L., T. J. Beveridge, and D. E. Woods. 1996. Intracellular survival of Burkholderia pseudomallei. Infect 

Immun. 64:782-90. 
3. Swift, S., Downie, J.A., Whitehead, N.A., Barnard, A.M., Salmond, G.P. and Williams P. (2001) Quorum sensing as a 

population-density-dependent determinant of bacterial physiology. Adv. Microb. Physiol. 45, 199-270. 
4. Passador, L., Cook, J.M., Gambello, M.J., Rust, L. and Iglewski, B.H. (1993) Expression of Pseudomonas aeruginosa

virulence genes requires cell-to-cell communication. Science. 260, 1127-1130. 
5. Swift, S., Lynch, M.J., Fish, L., Kirke, D.F., Tomas, J.M., Stewart, G.S. and Williams, P. (1999) Quorum sensing-

dependent regulation and blockade of exoprotease production in Aeromonas hydrophila. Infect. Immun. 67, 5192-
5199.

6. Taminiau, B., Daykin, M., Swift, S., Boschiroli, M.L., Tibor, A., Lestrate, P., De Bolle, X., O'Callaghan, D., Williams, P. 
and Letesson, J.J. (2002) Identification of a quorum-sensing signal molecule in the facultative intracellular pathogen 
Brucella melitensis. Infect. Immun. 70, 3004-3011. 

7. Lewenza, S., Conway, B., Greenberg, E.P. and Sokol, P.A. (1999) Quorum sensing in Burkholderia cepacia:
identification of the LuxRI homologs CepRI. J. Bacteriol. 181, 748-756. 

8. Conway, B.A., Venu, V. and Speert, D.P. (2002) Biofilm formation and acyl homoserine lactone production in the 
Burkholderia cepacia complex. J. Bacteriol. 184, 5678-5685. 

9. MK Winson, M Camara, A Latifi, M Fogliono, SR Chhabra, M Daykin, M Bally, V Chapon, GPC Salmond, BW Bycroft, 
A Lazdunski, GSAB Stewart, and P Williams. Multiple N-Acyl-L-Homoserine Lactone Signal Molecules Regulate 
Production of Virulence Determinants and Secondary Metabolites in Pseudomonas aeruginosa. Proc. Natl. Acad. Sci. 
USA. 1995 September 26; 92 (20): 9427–9431 

10. Lewenza S, Conway B, Greenberg EP, Sokol PA.  Quorum sensing in Burkholderia cepacia: identification of the 
LuxRI homologs CepRI. J Bacteriol. 1999 Feb;181(3):748-56.  

11. Conway BA, Greenberg EP. Quorum-sensing signals and quorum-sensing genes in Burkholderia vietnamiensis. J 
Bacteriol. 2002 Feb;184(4):1187-91. 

12. Whiteley, M., M. R. Parsek, and E. P. Greenberg. 2000. Regulation of quorum sensing by RpoS in Pseudomonas 
aeruginosa. J. Bacteriol. 182:4356–4360. 

13. Flavier, A. B., M. A. Schell, and T. P. Denny. 1998. An RpoS (sigmaS) homologue regulates acylhomoserine lactone-
dependent autoinduction in Ralstonia solanacearum. Mol. Microbiol. 28:475–486. 

14. Aguilar C, Bertani I, Venturi V. Quorum-sensing system and stationary-phase sigma factor (rpoS) of the onion 
pathogen Burkholderia cepacia genomovar I type strain, ATCC 25416. Appl Environ Microbiol. 2003 Mar;69(3):1739-
47. 
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'�)*	=��������� 
 

��<G��
%������������ 

���#��=&���"��4.-�!��"-23�4�����������!#5�,�-�� quorum sensing ��������
,���5�,

�!����,F ���#��=&���"��4.-5�,�����5�,�-�� quorum sensing %������ B. pseudomallei 
'
��������,������"�����=95�,�-�� quorum sensing '
��
�������23�4������-�� quorum 

sensing 2 �-��%���F��� 

o �-���!#%����� Acyl Homoserine Lactone (AHL) ���� inducer 

o �-���!#%����� Alkyl Hydro Quinolone (AHQ) ���� inducer 

 

 

 

 

Acyl Homoserine Lactone (AHL) Quorum Sensing System 
 

��
	:����,��$�%�-�&	�
%�� AHL quorum sensing Y�'()*	 B. 
pseudomallei  
�
����������!��-�� quorum sensing 5�,����� genus Burkholderia ���#�������+��,%������

�!��-���!�%������ B. pseudomallei 
�
�'�"��!��-�� quorum sensing 5�,����� B. pseudomallei ����!��-�� bpsIR  
�
��$�������=9 knockout �"- ������=9 complements 5�,�-���!�
�,�"��+�"�+  

�
��$����23�4� autoiducer 5�,����� B. pseudomallei �"- �&�61�9 autoiducer�!#����,
�+�

'���!� BpsI  

 

��
�)��>���� Genome database 

'
����%���!� cepI �"- �!� cepR 1�� Burkholderia cepacia '
��!� cepI �����!��!#����, 

auto inducer �"- �!� cepR �����!��!#���� transcriptional activator 5�, autoinducer ���� 
%����������1��
�+�+&=!  BLASTX %�}��5��
6"1!'�
5�, B. pseudomallei �!# �/���� 

Sanger (http://www.sanger.ac.uk/Projects/B_pseudomallei) �� open reading frames 

�!#
!�����!�,"$�
�������
�"��,��� 2 ORFs (3#,��,�.-�6�+&1���
����,��#�+�� bpsI and bpsR  

 

�!� bpsI 
!�+�
��+ 612 �6���� �����������=����
�$���������,'���!�5��
��+ 204 

��
�
&'� ��&�+.'��'
����9����1�
��&#
���5�,�!� bpsI 
!����5�, lux box (3#,�������

������+�� �!��!�/6��+���

�+��-�� quorum sensing ��
����&5�,�!��!#����, auto 

inducer (3#,1-�+���
��+��,���� lux box �!� ��+��!� bpsR 
!�+�
��+ 720 �6���� �$�����

����,'���!�5��
��+ 240 ��
�
&'� �!����,��,���
!1�
��&#
����!#��#�
�+� intergenic region 

5��
 801 �6���� �"�+ transcribe �����1����� ('��

6�6�) �������=����
�"-�����!�,

��+5�,��
�
&'�5�,�!����,��,�
���
,�+�%��6�������!�  %��6��
���
, primer �!#1-�+�%��%�

����$� PCR ���#��$��!����,��,
�%��23�4������



RSA 4780017 
�������������
�� 7

TACCGTTGAATGGTCCACGGTGTAGAGGTCTCCTTGAATGACGAACGGCGCGGCCCCGAA
GCGGGGCGACCGGGCGCGCTCAGGCGGCTTCGGCGGGCGGCGCGCACAGCAGCGGGTCGAG
                      A  A  E  A  P  P  A  C  L  L  P  D  L 
ATCGAGCGCGGCGAGCGTTTGCGCGTCGAGGTCGATCCAGCACGCGACGACCATGCGCCC
D  L  A  A  L  T  Q  A  D  L  D  I  W  C  A  V  V  M  R  G 
GTCGATCTGCTGCGCGGGCCCCGCCCGGTGCGCGTGCACGCCGATCCGGCGGAACAGGCG
D  I  Q  Q  A  P  G  A  R  H  A  H  V  G  I  R  R  F  L  R 
CTCCATGCTCAGAAACGTCACGCCGATCAGTTGCTTCGCGCCAAGCCGCGCGGCGCACTC
E  M  S  L  F  T  V  G  I  L  Q  K  A  G  L  R  A  A  C  E 
GACGACGGCGGCGAGCATCGGCCGCACCGCCCAGGCCGGGTTGCCGCCCCCGGCCGGATC
V  V  A  A  L  M  P  R  V  A  W  A  P  N  G  G  G  A  P  D 
CTCGGCGTTCGCGGCGAAGCGCGACAATTCCCAGACGGCGGCGGATTGCGGCAACGGCAT
E  A  N  A  A  F  R  S  L  E  W  V  A  A  S  Q  P  L  P  M 
GTCTTGCGCGACCAGCGTCGGGAACAGTTCCTTCAGCAGATACGGGCGGGTCGTCGGCAG
D  Q  A  V  L  T  P  F  L  E  K  L  L  Y  P  R  T  T  P  L 
CAGCCGGGCGCAGCCGCAGATTTCCCCGTCGTCGTCGCGGGCGAACACATAGACGGTATC
L  R  A  C  G  C  I  E  G  D  D  D  R  A  F  V  Y  V  T  D 
GTCGCGATCGTACTGATCCCGCTCGAACCCTTCGCTTGCCGACGGCAGTGTCCAGCCGAG
D  R  D  Y  Q  D  R  E  F  G  E  S  A  S  P  L  T  W  G  L 
CTGCTCGACGACAACTCGGTGCCGATAAATGCTCAGATCAGCCGCCAAGTCGCTCGGCAG
Q  E  V  V  V  R  H  R  Y  I  S  L  D  A  A  L  D  S  P  V 
GCGCCCGTCGCCATGAACGAAAGTTCGCATGTCGTCCTCGTGCGTGTGCTTTGGAATGG 
A  G  D  G  H  V  F  T  R  M 
GCGCATTACATCGCGCGCTCCGAGGACAGGTAACTGTTAACCCTTACAGGGTCGGGAAAG 
CGGGGCTGGTGGCGGGGGCGGGGCGGTTTCCGCCGGTTTTCGTCGGTGTCGGACTGCAAA
GATTCGATAATTTGCTTGTCAATCCGCAACGTTCGAGGAAAATTAGACAATATGCAAGGA
TTCGATAATTTGTTTGTCAATCCTGCAACGTTCGAGGCAAAATTAGACAATATGCACTGA
TTGCGCCGACGCGCGTCACTGCAGGGTGGGACCCGCATGCGCAAAATCGCCGCGACGAAG
CATCGCGGCGGTGACGGCGGACGGCCAGTTCAGTTGGGCGAGCCGGCGCGACAGTGCGGC
CGAGGTCGGATCCATGCCGATGTCGAGCCCGTTGCCGTCGACGCCCATCACGTTGCTGCG
CACGTCGCCCCATGCAATGACGAAGGCGCCCGTTGCGCCGTCGATGTACCAGTCCCAGCC
CACTGTGAGATGCGCCGCGCCGGCGCTCGACGGCCGCTCCCACTCGGTGTAGCCGGCGAT
GCGGGCGTCGATGTCGCTCGCACGTAGTTCGACGAGCAGTCCGGAATCGATTCCGGACGA
TACGTGAACGAGCCGCAGCTCGGCGAACGCGTGCATCGGAAGGCGCACGTAGCCGTTTTT
GGAAGAGCCGCGAAAGCGGTGGAGCCATGGTGAATTCATGCCGCGGAATGTATCAGCCCG
CGCGCGTGCTGAAACCTAGCAAGTATGACAGCGTGAAGCTGCTGGAGAACGAATGGAA 
                                                      M  E 
CTGCGCTGGCAAGACGCCTATCTTCAATTTAGCGCCGCGGAGAACGAGCAGCAGCTCTTC 
  L  R  W  Q  D  A  Y  L  Q  F  S  A  A  E  N  E  Q  Q  L  F 
CAACAGATCGCCGCGTATACGAAGCGGCTCGGCTTCGAATATTGCTGCTATGGCATACGC
  Q  Q  I  A  A  Y  T  K  R  L  G  F  E  Y  C  C  Y  G  I  R 
GTGCCGTTGCCGATCTCGAAGCCGGTCGTCGCGATTTTCGACACCTATCCGAACGGCTGG
  V  P  L  P  I  S  K  P  V  V  A  I  F  D  T  Y  P  N  G  W 
ATGGAGCGCTACCAGGAAATGAACTACCTGGAGGTCGATCCGACCGTACGCGAGGGCGCG
  M  E  R  Y  Q  E  M  N  Y  L  E  V  D  P  T  V  R  E  G  A 
CTCAGCTCGAACATGATCGTCTGGCCGGAGGCGAGCGCGAGCGACGCGACGACGCTCTGG
  L  S  S  N  M  I  V  W  P  E  A  S  A  S  D  A  T  T  L  W 
AGCGACGCGCGCGATCACGGGCTGGCGGTCGGCGTCGCGCAGTCGAGCTGGGCCTCGCGC
  S  D  A  R  D  H  G  L  A  V  G  V  A  Q  S  S  W  A  S  R 
GGGGTGTTCGGTCTCCTGACGATCGCGCGGCACACCGACCGCCTGACGTCCGCCGAGATC
  G  V  F  G  L  L  T  I  A  R  H  T  D  R  L  T  S  A  E  I 
AACCATCTGACGTTGCAGGCGAACTGGCTCGCGAACATGTCGCACTCGCTGATGAGCCGT
  N  H  L  T  L  Q  A  N  W  L  A  N  M  S  H  S  L  M  S  R 
TTTCTCGTGCCGAAGCTCGCGCCCGAATCGGGCGTGGCGCTCACGCACCGCGAGCGGAAG
  F  L  V  P  K  L  A  P  E  S  G  V  A  L  T  H  R  E  R  K 
GTGCTGTGCTGGACGGGGGAGGGCAAGACCGCGTGCGAGATCGGGCAGATCCTCAGCATC

V  L  C  W  T  G  E  G  K  T  A  C  E  I  G  Q  I  L  S  I 
TCCGAGCGCACGGGGAACTTTCACGTCAACAACATCCTCGACAAGCTCGGCGCGACGAAC
  S  E  R  T  G  N  F  H  V  N  N  I  L  D  K  L  G  A  T  N 
AAGGTGCAGGCCGTCGTGAAGGCGATCGCGATGGGGCTCATCGACGCGCCGTAAGCATTGCC
  K  V  Q  A  V  V  K  A  I  A  M  G  L  I  D  A  P  - 
GCGAGCGCCGTCGCGGCCGCGCGGCGCTCACTCCATCAACGGTTCCGCTTCCTTCGCGGT 
CCAGCTCACGCTGGAGATGCTTTTCTCCATGCTCATCCGGCTCGCGATCTGCTCGAGCTT 

 

bpsI

bpsR

primer RRF 

primer RFF 

primer IRF 

primer IFF  

Lux box
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����$� PCR, cloning, �"- sequencing 

PCR primers �$����� bpsI ���  

primer IFF 5�-CTGCAGCTCCTTGAATGACGAACGGC-3�   
�"- primer IRF, 5�-AAGCTTCATGCGAACTTTCGTTCATGG-3�  PCR primers 

�$����� bpsR ��� primer RFF 5�-AAGCTTAACGAATGGAACTGCGCTGG-3� �"- 

primer RRF 5�-CTGCAGGAACCGTTGATGGAGTGAGC-3� (�6����������!�) %������#,

��,����-�9 primers �
�
!�����&#
�����$�����%��/6���
�
�
�+� restriction endonuclease 

HindIII �"-PstI �5�����!#�"��
��� 5’ (��+���) ���#�%����
��/�$�
!��*�����'�"��5��

�"��
&
 pUC19 �
�'
��-
+� PCR �$�'
�%��
!��*���1������� B. pseudomallei ������=9 

844 �
� PCR products 5�, bpsI 5��
 663 bp (���, 1), 5�, bpsR 778 bp (���, 2) �"- 

�&��
!��*����!#
!���,��,�!�'
�%�� primers I �"- IV 5��
 2,176 bp (���, 3) 

 

                                                M        1        2        3 

 

PCR products ��"���!��
�/6�'�"�%���5����%��"��
&
 pUC19 �"�+13,/6��$��������

��!�,"$�
�����
�+�����#�, automated sequencing �6�������!���
,�" chromatograms m

���,��,�&2��,5�, sequence 5�, bpsI   
 

  Marker
      bp 

      1500 
      1000 

        500  

2176 

778 
663 
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���+&����-�9 Sequences '
���� alignment 

�������=����
5�,�!� bpsI �"- bpsR 1������� B. pseudomallei ������=9 844 /6��$���

��",����������
�
&'� ���#��$������!����!�����'���!�
�,�"��+5�,����� B. pseudomallei 
������=9 K96243 �"- ������=9 KHW (J. Bacteriol. 2005; 187, 785-790) �"�������

���1-��
���������,��
������=9
�,��
,��� alignment %��6�������!� 

BpsI                                                        
                   *        20         *        40         *        60                
844.    : MRTFVHGDGRLPSDLAAGLSLYRHRVFVEQLGWKLPSASEGFERDQYDRDDTVYVFARDDDGEICGCAR :  69 
k96243. : MRTFVHGDGRLPSDLAADLSIYRHRVVVEQLGWTLPSASEGFERDQYDRDDTVYVFARDDDGEICGCAR :  69 
KHW.    : MRTFVHGDGRLPSDLAADLGLYRHRVFVEQLGWKLPSASEGFERDQYDRDDTVYVFARDDDGEICGCAR :  69 
          MRTFVHGDGRLPSDLAAdLs6YRHRVfVEQLGWkLPSASEGFERDQYDRDDTVYVFARDDDGEICGCAR       
                                                                                      
          *        80         *       100         *       120         *       1       
844.    : LLPTTRPYLLKELFPTLVAQDMPLPQSAAVWELSRFAANAEDPAGGGNLAWAVRPMLAAVVECAARLGA : 138 
k96243. : LLPTTRPYLLKELFPTLVAQDMPLPQSAAVWELSRFAANAEDPAGGGNPAWAVRPMLAAVVECAARLGA : 138 
KHW.    : LLPTTRPYLLKELFPTLVAQDMPLPQSAAVWELSRFAANAEDPAGGGNPAWAVRPMLAAVVECAARLGA : 138 
          LLPTTRPYLLKELFPTLVAQDMPLPQSAAVWELSRFAANAEDPAGGGNpAWAVRPMLAAVVECAARLGA       
                                                                                  
          40         *       160         *       180         *       200          
844.    : KQLIGVTFLSMERLFRRIGVHAHRTGPAQQIDGRMVVACWIDLDAQTLAALDLDPLLCAPPAEAA : 203 
k96243. : KQLIGVTFLSMERLFRRIGVHAHRAGPAQQIDGRMVVACWIDLDAQTLAALDLDPLLCAPPAEAA : 203 
KHW.    : KQLIGVTFLSMERLFRRIGVHAHRAGPAQQIDGRMVVACWIDLDAQTLAALDLDPLLCAPPAEAA : 203 
          KQLIGVTFLSMERLFRRIGVHAHRaGPAQQIDGRMVVACWIDLDAQTLAALDLDPLLCAPPAEAA       
 

BpsR                                                                                      
                   *        20         *        40         *        60                
KHW.    : MELRWQDAYLQFSAAENEQQLFQQIAAYTKRLGFEYCCYGIRVPLPISKPVVAIFDTYPNGWMERYQEM :  69 
844.    : MELRWQDAYLQFSAAENEQQLFQQIAAYTKRLGFEYCCYGIRVPLPISKPVVAIFDTYPNGWMERYQEM :  69 
k96243. : MELRWQDAYLQFSAAENEQQLFQQIAAYTKRLGFEYCCYGIRVPLPISKPVVAIFDTYPNGWMERYQEM :  69 
          MELRWQDAYLQFSAAENEQQLFQQIAAYTKRLGFEYCCYGIRVPLPISKPVVAIFDTYPNGWMERYQEM       
                                                                                      
          *        80         *       100         *       120         *       1       
KHW.    : NYLEVDPTVREGALSSNMIVWPEASASDATTLWSDARDHGLAVGVAQSSWASRGVFGLLTIARHTDRLT : 138 
844.    : NYLEVDPTVREGALSSNMIVWPEASASDATTLWSDARDHGLAVGVAQSSWASRGVFGLLTIARHTDRLT : 138 
k96243. : NYLEVDPTVREGALSSNMIVWPEASASDATTLWSDARDHGLAVGVAQSSWASRGVFGLLTIARHTDRLT : 138 
          NYLEVDPTVREGALSSNMIVWPEASASDATTLWSDARDHGLAVGVAQSSWASRGVFGLLTIARHTDRLT       
                                                                                      
          40         *       160         *       180         *       200              
KHW.    : SAEINHLTLQANWLANMSHSLMSRFLVPKLAPESGVALTHREREVLCWTGEGKTACEIGQILSISERTV : 207 
844.    : SAEINHLTLQANWLANMSHSLMSRFLVPKLAPESGVALTHRERKVLCWTGEGKTACEIGQILSISERTV : 207 
k96243. : SAEINHLTLQANWLANMSHSLMSRFLVPKLAPESGVALTHREREVLCWTGEGKTACEIGQILSISERTV : 207 
          SAEINHLTLQANWLANMSHSLMSRFLVPKLAPESGVALTHREReVLCWTGEGKTACEIGQILSISERTV       
                                                 
            *       220         *                
KHW.    : NFHVNNILDKLGATNKVQAVVKAIAMGLIDAP : 239 
844.    : NFHVNNILDKLGATNKVQAVVKAIAMGLIDAP : 239 
k96243. : NFHVNNILDKLGATNKVQAVVKAIAMGLIDAP : 239 
          NFHVNNILDKLGATNKVQAVVKAIAMGLIDAP       
 

'���!� BpsI �"- BpsR 5�,����� B. pseudomallei 5�,��������, 3 ������=9 
!�+�


��
������
��
�,��
,%�����,������!� 

 

BpsI   844  K9624  KHW 

844   1.000  0.970  0.980 

K9624  ---   1.000  0.980 

KHW   ---    ---   1.000 

BpsR   844  K9624  KHW 

KHW.  1.000  0.995  1.000 

844    ---   1.000  0.995 

K9624    ---    ---   1.000 

�
�#��$�����'���!� BpsI 5�,����� B. pseudomallei �����!����!�����'���!���-�6"

�
!�+��� (LuxI homologue) 5�,�������#�F �
��"+��  '���!� BpsI 
!�+�
��
������ '���!�
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CepI 5�,����� B. cepacia 86%, ��
������ '���!� SolI 5�,����� R. solanacearu 75%, 

��
������ '���!� RhlI 5�,����� P. aeruginosa 60%, �"- ��
������ '���!� LuxI 5�,

����� V. fischeri  51% 
�,��
,������!����!��%��6�������!� 

 
*      *          *                  *     *    *

BpsI : MRTFVHG--DGRLPSDLAADLGLYRHRVFVEQLGWKLPSASEGFER--DQYDRDDTVYVFARDDD
CepI : MQTFVHE--EGRLPHELAADLGRYRRRVFVEQLGWALPSANESFER--DQFDRDDTVYVFARNAD
SolI : MRTFVHG--GGRLPEGIDAALAHYRHQVFVGRLGWQLPMADGTFER--DQYDRDDTVYVVARDEG
RhlI : MIELLSESLEG-LSAAMIAELGRYRHQVFIEKLGWDVVSTSRVRDQEFDQFDHPQTRYIVAMGRQ
LuxI : MTIMIKKSDFLAIPSEEYKGILSLRYQVFKQRLEWDLVVENN-LES--DEYDNSNAEYIYACDDT
       M         g lp    a l  yR  VF   LgW l       e   Dq D   t Y  A

*                                *                                         *     *                    
BpsI : GEICGCARLLPTTRPYLLKELFPTLVAQDMPLPQSAAVWELSRFXANAEDPAG-GGNPAWAVRPM
CepI : GDMCGCARLLPTTRPYLLKSLFADLVAEDMPLPQSAAVWELSRF-AATDDEGG-PGNAEWAVRPM
SolI : GTICGCARLLPTTRPYLLKDVFASLLMHGMPPPESPEVWELSRFAARSGAPCPRSGRADWAVRPM
RhlI : G-ICGCARLLPTTDAYLLKEVFAYLCSE-TP-PSDPSVWELSRYAASAAD------DPQLAMK-I
LuxI : ENVSGCWRLLPTTGDYMLKSVFPELLGQ-QSAPKDPNIVELSRFAVGKNS-SKINNSASEITMKL
       g  cGCaRLLPTT  YlLK  F  L     p P    vwELSRf a              a

BpsI : LAAVVECAARLGAKQLIGVTFLSMERLFRRIGVHAHRAGPAQQIDGRMVVAC----WIDLGAQTL
CepI : LAAVVECAAQLGARQLIGVTFASMERLFRRIGIHAHRAGPPKQVDGRLVVAC----WIDIDPQTF
SolI : LASVVQCAAQRGARRLIGATFVSMVRLFRRIGVRAHRAGPVRCIGGRPVVAC----WIDIDASTC
RhlI : FWSSLQCAWYLGASSVVAVTTTAMERYFVRNGVILQRLGPPQKVKGETLVAISFPAYQERGLEML
LuxI : FEAIYKHAVSQGITEYVTVTSTAIERFLKRIKVPCHRIGDK-E-------------IHVLGDTKS
             cA   Ga     vT   meR f Rigv  hR Gp     g   va

BpsI : AALDLDPLLCAPPAEAA : 203 
CepI : AALGIEPGQAARQAIAA : 202 
SolI : AALGIPSASAAPGPVLQ : 204 
RhlI : LRYHPEWLQGVPLSMAV : 201 
LuxI : VVLSMPINEQFKKAVLN : 193 
         l
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%��$���,�
!�+��� �
�#��$�����'���!� BpsR 5�,����� B. pseudomallei �����!����!�����

'���!���-�6"�
!�+��� (LuxR homologue) 5�,�������#�F �
��"+��  '���!� BpsR 
!�+�


��
������ '���!�CepR 5�,����� B. cepacia 88%, ��
������ '���!� SolR 5�,����� R. 
solanacearu 81%, ��
������ '���!� RhlR 5�,����� P. aeruginosa 52%, �"- ��
������ 

'���!� LuxR 5�,����� V. fischeri  46% 
�,��
,������!����!��%��6�������!� �$�����,�!#�!

�5�
��
�����$�����,�!#
!�+�
������49%����'���!��!#�$�
����!����!�� 

 
BpsR : MELR-----WQDAYL---QFSAAENEQQLFQQIAAYTKRLGFEYCCYGIRVPLPISKPVVAIFD
CepR : MELR-----WQDAYQ---QFSAAEDEQQLFQRIAAYSKRLGFEYCCYGIRVPLPVSKPAVAIFD
SolR : MEPD-----FQDAYH---AFRTAEDEHQLFREIAAIARQLGFDYCCYGARMPLPVSKPAVAIFD
RhlR : MRNDGGFLLWWDGLRS--EMQPIHDSQGVFAVLEKEVRRLGFDYYAYGVRHTIPFTRPKTEVHG
LuxR : MKNIN----ADDTYRIINKIKACRSNNDINQCLSDMTKMVHCEYYLLAIIYPHSMVKSDISILD
       M          D y               f         lgf Y  yg r p p  kp   i d

BpsR : TYPNGWMERYQEMNYLEVDPTVREGALSSNMIVW----PEASASDATTLWSDARDHGLAVGVAQ
CepR : TYPDGWMAHYQAQNYIEIDSTVRDGALNTNMIVW----PDVDRIDPCPLWQDARDFGLSVGVAQ
SolR : TYPAGWMQHYQASGFLDIDPTVRAGASSSDLIVW----PVSIRDDAARLWSDARDAGLNIGVAR
RhlR : TYPKAWLERYQMQNYGAVDPAILNGLRSSEMVVW----SDSLFDQSRMLWNEARDWGLCVGATL
LuxR : NYPKKWRQYYDDANLIKYDPIVDYSNSNHSPINWNIFENNAVNKKSPNVIKEAKTSGLITGFSF
       tYP  W   Yq  n    Dp v  g      ivW              lw  Ard GL  G

BpsR : SSWASRGVFGLLTIAR-HTDRLTSAEINHLTLQANWLANMSHSLMSRFLVPKLAPESGVALTHR
CepR : SSWAARGAFGLLSIAR-HADRLTPAEINMLTLQTNWLANLSHSLMSRFMVPKLSPAAGVTLTAR
SolR : SSWTAHGAFGLLTLAR-HADPLTAAELGQLSIATHWLANLAHTLMSPFLVPQLVPESNAVLTTR
RhlR : PIRAPNNLLSVLSVAR-DQQNISSFEREEIRLRLRCMIELLTQKLTDLEHPMLMSNP-VCLSHR
LuxR : PIHTANNGFGMLSFAHSEKDNYIDSLFLHACMNIPLIVPSLVDNYRKINIANNKSNN--DLTKR
               fg L  Ar   d     e                        p l       Lt R

BpsR : ERKVLCWTGEGKTACEIGQILSISERTGNFHVNNILDKLGATNKVQAVVKAIAMGLIDAP----
CepR : DREVLCWTAEGKTACEIGQILSISERTVNFHVNNILEKLGATNKVQAVVKAISAGLIEAP----
SolR : EREVLCWTGEGKTAYEIGQILRISERTVNFHVNNVLLKLAATNKVQAVVKAIATGLI-------
RhlR : EREILQWTADGKSSGEIAIILSISESTVNFHHKNIQKKFDAPNKTLAAAYAAALGLI-------
LuxR : EKECLAWACEGKSSWDISKILGCSERTVTFHLTNAQMKLNTTNRCQSISKAILTGAIDCPYFKN
       ere L Wt eGK   eI  IL iSErTvnFH  N   Kl atNk qa  kAi  GlI

��&�+.'��'
����9�!#�$�����, 60 �������1�
��&#
���5�,�!� bpsI (-60 bp from strat 

codon) �
�������(3#,�+����� lux box ��� CCCTGTAAGGGTTAACAGTT (3#,���1-

��
������ lux box 5�,�!� cepI ����,������!� ��
,������!����!�� lux box 5�,�!� 

luxI, cepI, solI and RhlI (3#,
!�+�
�"����"3,��� �$�����,�!#
!
�+* ��
,/3,�$�����,�!#
!

�+�
������49 

luxI: ACCTGTAGGATCGTACAGGT 
bpsI: CCCTGTAAGGGTTAACAGTT 
cepI: CCCTGTAAGAGTTACCAGTT 
solI: CCCTGTCAATCCTGACAGTT 
RhlI: CCCTACCAGATCTGGCAGGT

                     ***           *** * 
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��
"#�$��
��
=�>�
-.&	�
%�� quorum sensing <?	��
;�/�		�&	�

�-�<?��` '�).		:����,��$�%&	��
��
&	�
%�� quorum sensing Y�

'()*	 B. pseudomallei �/���
�
>��'()*	�,�����:�&	�
%�� quorum 

sensing  

 

��
�
>��'()*	�,�����:�&	�
%�� quorum sensing 
 
�������,����� B. pseudomallei ������=9�!#�
�%��
!���
!�����
,���5�,�!�%��-�� 

quorum sensing '
�����,������=9�!#���� knock-out mutant �$�'
�%�� �"��
&
 pKnock  

(3#,�
�#����,��� knock-out �!�%
 �*��!�,�$� PCR �&�� DNA �!������"�+����",��%� 

cloning site 5�, pKnock �����%�� E. coli S17-1 �pir ������+ conjugate pKnock �!#
!�!�

�!#���,��� ",����%� B. pseudomallei (3#,1-�$�%����&
����"���"!#���!�'
�+&=! crossing 

over �-�+��,'��'
'(
5�, B. pseudomallei ��� pKnock-Tc (�$������"���
�+��� 

tetracyclin) �"�!#�
�%�'��'
'(
5�, B. pseudomallei 1-
!��+�5�,�"��
&
 pKnock-Tc 

�����5������6�%��!��!#������,��� �$�%����&
������=9�!#�����!� knock-out �
� %����23�4�

�!� ����
� ����,������=9 �!#�����!� knock-out 
� 3 
� 3 ��&
 ��
�&�� DNA PCR �!#��
,

�+�%����� 5 �
���� ������=9�!#�����!� knock-out 5�, bpsI, bpsR, �"- double knock-out 

���, bpsI �"- bpsR '
�������=9 PKI5 ����������=9 bpsI  knock-out ����,'
� �$��&����+� 

DNA 5��
 298 bp (3#,������+���3#,5�,�!� bpsI  '
�����,1�� PCR %�� primer IFP (5�-
GTCACGCCGATCAGTTGCTT-3�)�"- primer IRP (5�-
AGTACGATCGCGACGATACC-3�) (�6� PCR fragment) �$��� ligate %� pKNOCK-TC 

����,���� pKBI  �"�+�$� pKBI �� conjugate �5��%� B. pseudomallei 844 �$���� ��
���,

'
�
�+���"��!#
! pseudomonas base agar ���&

�+� tetracycline 60 μg ml-1 13,�
� ���

���=9 PKI5 
� 

 

������=9 PKR7 ����������=9 bpsR  knock-out ����,'
� �$��&����+� DNA 323 bp 

fragment 5�,�!� bpsR �!#����,1�� PCR '
� primer RFP (5�-
CGACACCTATCCGAACGGCT-3�) �"- primer RRP (5�-
AACGGCTCATCAGCGAGTGC-3�)(�6� PCR fragment) �$��� ligate %� pKNOCK-CM 

����,���� pKBR �"�+�$� pKBR �� conjugate �5��%� B. pseudomallei 844 �$���� ��


���,'
�
�+���"��!#
! pseudomonas base agar ���&

�+� chloramphenicol 40 μg ml-1 

13,�
� ������=9 PKR7 
� 

 

������=9 KBIR5 ����������=9�!#���� double knock-out ���, bpsI �"- bpsR �$�'
��$�

�"��
&
  pKBR �� conjugate �5����%�������=9 PKI5 �$���� ��
���,'
�
�+���"��!#
! 

pseudomonas base agar ���&

�+����, tetracycline 60 μg ml-1 �"- chloramphenicol 40 

μg ml-1 13,�
� ������=9 KBIR5 
� 

 

�$�����&�61�9 ������=9 PKI5, PKR7, �"- KBIR5 '
��$������ knock-outed 
�,�"��+
��$� 

PCR �!� bpsI 
�+� Primers IFF �"- IRF (3#,�
&
�+�%�� PCR product 5��
 612 bp  �"- 
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�$� PCR �!� bpsR 
�+� Primers RFF �"- RRF (3#,�
&
�+�%�� PCR product 5��
 720 

bp  �����+�� ������=9 PKI5 
! bpsIp::pknock-Tc plasmid �����5����%��!� bpsI �$�%��

�
� PCR product 5��
��&#
53������ 2589 bp+612 bp ��
��
 ������=9 PKR75 
! 

bpsRp::pknock-Cm plasmid �����5����%��!� bpsR �$�%���
� PCR product 5��


��&#
53������ 2186 bp+720 bp ��
��
 %�5.-�!#������=9 KBIR5 ���,�!� bpsI �"- bpsR 


!5��
��&#
53�����,��,�!�  

 

 

�� PCR fragment ��
, �!� bpsI �"- bpsR 5�, B. pseudomallei  '
� ORF 5�,�!� 

bpsI �"-�!� bpsR ORF 
!5��
 612 �"- 720 bp ��
"$�
�� ��+�"5��
,�$�����,5�, 

PCR primers �!#%��%����23�4��!�  

1: IFF (5�-CTGCAGCTCCTTGAATGACGAACGGC-3�)  
2: IFP (5�-GTCACGCCGATCAGT TGCTT-3�)   
3: IRP (5�-AGTACGATCGCGACGATACC-3�)  
4: IRF (5�-AAGCTTCATGCGAACTTTCGTTCATGG-3�)  
5: RFF (5�-AAGCTTAACGAATGGAACTGCGCTGG-3�)  
6: RFP (5�-CGACACCTATCCGAACGGCT-3�)  
7: RRP (5�-AACGGCTCATCAGCGAG TGC-3�)  
8: RRF (5�-CTGCAGGAACCGTTGATGGAGTGAGC-3�)  
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pKBI: bpsIp gene on pknock-Tc                 pKBR: bpsRp gene on pknock-Cm 

 


�� pKNOCK ��
, �"��
&
 pKnock �!#��&
�!� bpsI �"- bpsR�!#���,��� knockout �5��

�� �"������ pKBI �"- pKBR 

 

 

 

 

 


�� ��
, �&�61�9�"��
&
 pKBI (lane 1) �
�#���

�+� EcoR1 �
� �&����+� 2232 bp �"- 

357 bp ��
��
 �"- �&�61�9�"��
&
 pKBR (lane 2) �
�#���

�+� EcoR1 �
� �&����+� 

1803 bp �"- 383 bp ��
��
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��  ��
, PCR products 5�, bpsI and bpsR genes 1�� B.pseudomallei 844 wildtype 

�"- knockout mutants PKI5, PKR7, �"- KBIR5 �� 1%agarose gel electrophoresis.  

Lane M1: 100 bp ladder  Lane M2: 1 kb ladder 

 Lane 1: 844 bpsI   Lane 2: 844 bpsR  
 Lane 3: PKI5 bpsI  Lane 4: PKI5 bpsR  
 Lane 5: PKR7 bpsI  Lane 6: PKR7 bpsR  
 Lane 7: KBIR5 bpsI Lane 8: KBIR5 bpsR  

  



RSA 4780017 
�������������
�� 17

����$�%��������"�����=95�,�-�� quorum sensing ����"��
��!�����,��3#,
�+�

���%���!��!#5�
�� 

������=9 PKI5, PKR7, �"- KBIR5 /6��$�
�%���!��!#5�
��  '
���&#
1�� 

� �$���� �$� PCR 
�+�  Primers IFF �"- RRF �
��&�� DNA 5��
 2.5 kb 

� �
�#���

�+� EcoR1 �
������&�� DNA 1,288 bp (3#,
!�!� bpsI �!#�
�6�.9��6� 

�"-�
��&�� 962 bp (3#,
!�!� bpsR �!#�
�6�.9��6�����

�+� lux box   

� �$����'�"��&�� DNA 1,288  bp �5����%��"��
&
 pBBR-Sp  �
������

"��
&
 pBBR-IF  

� �$����'�"��&�� DNA 962 bp �5����%��"��
&
 pBBR-Sp  �
������

"��
&
 pBBR-RF  

� �"- �$����'�"��&�� DNA 2.5 kb �5����%��"��
&
 pBBR-Sp  �
������

"��
&
 pBBR-FIR  �"-�&�61�9'
������

�+� restriction enzymes  

 

 

�� ��
,�"��
&
 pBBR �!#%���!� bpsI, bpsR �"- bpsIR ��
"$�
�� 

 

 

��(��� 1% gel ��
,�"��
&
�!#/6���

�+� HindIII �"� 1 pBBR ��,�
�/6���
, 

�"� 2 pBBR-IF, �"� 3 pBBR-RF, �"� 4 pBBR-FIR �"� 5 pBBR.  
��5+� 2% 

gel ��
,�"��
&
�!#/6���

�+� PstI �"- EcoRI �"� 1 pBBR-IF, �"� 2 pBBR-

RF, �"� 3 pBBR-FIR  
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Complemented strains 

�$��"��
&
 pBBR-IF, pBBR-RF, pBBR-FIR %����%�������=9  PKI5, PKR7, 

�"- KBI5 ��
"$�
�� �
�������"�����=9 knockout 5�,�-�� quorum sensing ���

�"��
��!�����,��3#,
�+����%���!��!#5�
�� �"-1-/6��$���%��%����23�4������ 

���1���!� �"��
&
 pBBR-IF ��,/6��$���%��%� E. coli DH5� ���#�%��%����23�4�

�����,����-�9 Acyl Homoserine Lactone '
� BpsI 
�+� 

 

��
"#�$�,��$�%&	�  '()*	 B. pseudomallei ������:�/�*�'/�� '�
-��'
-�����
-.G�� 

knockout  

���23�4� Acyl Homoserine Lactone �!#����,1������� B. pseudomallei ������=9
��,�
&
 

���!����!������!#/6� knockout  

��$��"!��,�����������=9���,F/6����

�+� ethyl acetate �"�+�$�%�����, �"-�$�%��"-"��
�+� 

methanol �����$���+&����-�9
�+�+&=! Liquid Chromatography /Mass 

Spectrophotometry (LC/MS) �!# ���,��&���&��� Quorum Sensing 5�,�/���� Institute 

of Infection, Immunity & Inflammation, Centre for Biomolecular Sciences, University 

of Nottingham '
���+

����� Prof. Paul Williams, Director 5�,�/����
�,�"��+ �"

���+&����-�9��+�� ������=9
��,�
&
 844 ����, Acyl Homoserine Lactone (AHL) /3, 6 

��&
 ��� C8-HSL, 3-oxo-C8-HSL, 3-hydroxy-C8-HSL, C10-HSL, 3-hydroxy-C10-

HSL �"- 3-hydroxy-C12-HSL '
��!# 3-hydroxy-C8-HSL �"- 3-hydroxy-C12-HSL �
�

���/6����,��
�����+������,
�1������� B. pseudomallei  ��+�������=9 PKI5, �"- 

PKR7 ���,�

��+�� AHL ����� 2 ��&
 ��� C8-HSL and 3-oxo-C8-HSL ����������

��
,+�� �-�� quorum sensing bpsIR �!� ����,�"-%�� AHL 2 ��&
�!� %�����$�,�� �
�#�

�$���$��"!��,�����5�, E.coli DH5� �!#
! �"��
&
 pBBR-IF 
����

�+� ethyl acetate �"-

+&����-�9
�+�+&=!  LC/MS �*����� C8-HSL �������� �"���+&����-�9 ������
,%�����,

������!� ��
,+�� C8-HSL����,'
� BpsI ����,������ �"-�������
�+�� 3-oxo-C8-HSL 

����,'
�����$�,����+
���5�, BpsI �"- autoinducer synthase ��+��#� %������ B. 
pseudomallei 

 
AHL  m/

z
Rete

ntion 
time 

(min) 

Princip
le 

fragme
nt ions 

844
(wild 
type) 

PKI5
(bpsI-) 

PKR7 
(bpsR-) 

E. coli
(bpsI+) 

C8-HSL O
N
H

O

O
H  

228 5.9 228, 127, 
102 

+ - - + 

3-oxo-C8-
HSL 

O
N
H

O

O
H

O

 

242 4.8 242, 141, 
102 

+ - - - 

3-hydroxy-
C8-HSL N

O
H

O

OO H

H  

244 4.6 244, 226, 
125, 102 

+ + + - 

C10-HSL O
N
H

O

O
H  

256 8.5 256, 155, 
102 

+ + + - 

3-hydroxy-
C10-HSL  

272 5.4 272, 254, 
153, 102 

+ + + - 

3-hydroxy-
C12-HSL  

300 7.9 300, 282, 
181, 102 

+ + + - 
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��
"#�$�����������:�&	�
%�� BpsI ;,% BpsR �����
�
>����
<-� 

DpsA &	�'()*	 B. pseudomallei Z#.����{	�;��
-'
-����9��%
-.'�|�

	��<
����� Oxidative Stress  

%����,���!���,�
� �&�61�9+�� �����
,���5�,'���!� DpsA ����/6��+���
'
�

�-�� bpsIR 
�+�'���!� DpsA ����'���!��!#����,0��%��("5�,����!��!����#�

���?�,����,1�� oxidative stress �
�#��&1��.� ��&�+. promoter 5�,�!� dpsA 

��+��
!��&�+.�!#�����!�,"$�
�������,+�����1-���� lux box (3#,�����!#�$�����%�� 

'���!� BpsR (3#,�$������!#���� transcription activator 
�1���"-�$������!#�+���


�����
,���5�, '���!� DpsA �6�+&1��13,�
�23�4��+�
��
���=95�,�-�� BpsI 

�"- BpsR ����������,'���!� DpsA 5�,����� B. pseudomallei '
�%�� mini-

transposon TnpD (3#,
! promoter 5�,�!� dpsA �����6���� �!�beta-

galactosidase (lacZ) (�
���� mini-transposon TnpD 1�� 
�. ��+&��9 "��

��-���&} ���,�/����+&1��1���0�.9 ) %��",��%������ B. pseudomallei ������

���=9�!#%��%����23�4� (3#,1-�$�%��
!�&�� DNA �!#
! promoter 5�,�!� dpsA �����6�

��� �!� lacZ ����",��%���'
'(
��
����� B. pseudomallei ���������=9 �$�

%����
��/+�
�-
�� activity 5�, beta-galactosidase 1�����������=9�
�#�%�� 

substrate o-nitrophenyl-�-D-galactoside ",�� �"�$�%�������
�+�� ���'���!� 

dpsA �!#�-����
�+� promoter 5�,�!� dpsA �
��&�=&�"1���-�� quorum 

sensing BpsIR  '
��
�#���!�����������=9 844 ������=9�!#/6� knockout �!� 

quorum sensing ��
!��� beta-galactosidase activity �#$��+����
�1� �"-%����

���=9 knockout �!#�!�����"��
��!�����,��3#,
�+����%���!��!#5�
���*
! ��� beta-

galactosidase activity �6,53��
��!� (�6�
���"��,) 

 

�� ��
, growth curve �"- beta-galactosidase activity 5�, ������=9���,F 

��
����� B. pseudomallei �!#
!�&�� DNA �!#
! promoter 5�,�!� dpsA �����6���� �!� 

lacZ ����",��%���'
'(
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��
"#�$�����������:�&	�
%�� BpsI ;,% BpsR �����

�<?	 Oxidative 

Stress&	�'()*	 B. pseudomallei 
�$������ B. pseudomallei  
��
����������� oxidative stress '
�%�� tert-butyl 

hydroperoxide (t-BOOH) ���� ��+�
��� '
��$����� 3 ����
"�,��� 

����
"�,��� �������� t-BOOH �$������ B. pseudomallei  ���������=9 �"!��,

%� M9 broath ���� OD A600 %����������"�+�1��1�,�� 10 ��������"$�
���� 
�

�
����������� oxidative stress '
�%���$�
���
�� LB agar �!#
! t-BOOH 

150 μM �"�+
6+���"�,1�� 24 �
 ��������"-������=953���
�1�/3,�+�
�1��1�,

����%
 �"�����+�� ������=9 844 53���
�1�/3,�+�
�1��1�,�!# 10-7 %�5.-�!#���

���=9�!#/6� knockout �!� quorum sensing ��53���
�1�/3,�+�
�1��1�,�!# 10-3-10-4 

�������� �#$��+����
�1� �"-%�������=9 knockout �!#�!�����"��
��!�����,��3#,
�+�

���%���!��!#5�
���*�"��
�53���
�1�/3,�+�
�1��1�,�!# 10-6 ��
,%��6� a ������!� 

 


�� a. ��
,�����&�'��
�5�,���������"��!#
! t-BOOH.  


�� b. ��
,�������26��9�"�,5�, t-BOOH disk diffusion. 
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����
"�,�!#��, Disk Diffusion Test �$������ B. pseudomallei  ���������=9 

�"!��,%� M9 broath ���� OD A600 %��������� 1.0 ��
��� LB agar �"�+�������

��"� LB agar �"�++�,��-
�4���,�6��"
 disc �!#���
�+� t-BOOH 250 μM  

�"�+
6+���"�,1�� 24 �
 ��&�+.�!#��������"-������=9�
���
��/53���
����F disc 


!�������26��9�"�,����%
 �"�����+�� ������=9 844 
!�������26��9�"�,�)"!#� 16 



 %�5.-�!# ������=9�!#/6� knockout �!� quorum sensing �� 
!

�������26��9�"�,�)"!#���&#
53������ 25 

 �"-%�������=9 knockout �!#�!����

�"��
��!�����,��3#,
�+����%���!��!#5�
���*�"��
�
!�������26��9�"�,�)"!#�"
",

���� 15-16 

 (�6�b) 

 

����
"�,�!#��
 ���#�
6+�� ����!#���������� t-BOOH "
",�
�#� �-�� quorum 

sensing /6� knockout �����"
�1�� dpsA �!#"
",�����
� '
����!����!��

�-�+��,����� PP844, KBIR5, �"- KBIR5 �!#%�� plasmid pBBIR3 �!#
!�!� dpsA 

���#�%������,'���!� dpsA �$���������,��
������=9���"!��,%���$��"!��,������!#
!  t-
BOOH 150 μM �"�+��*���+����,
����1$��+�������!#
!�!+&���
��6����!����!����� 

�"�����+�� �"�,1��%�� 
!  t-BOOH ���
� 30 ���! ��������,��
��&#
"
1$��+�", 

����!#�+"� 30-���! ��&#
��*��+�
������,5�,1$��+�������!#��
 1�/3,�!#�+"� 90 

���! �"�+�"�,1�������*"
1$��+�",����F��� '
��!#�+"� 30-90 ���! ������=9 

844 
!1$��+�������!#
!�!+&���
��6� 4500 CFU/ml %�5.-�!# ������=9 KBIR5 �!#/6� 

knockout �!� quorum sensing �� 
!1$��+�������!#
!�!+&���
��6�"
",���� 2500 

CFU/ml �"-%�������=9 KBIR5 �!#/6� ����"��
��!�����,��3#,
�+����%���!��!#5�


���*�"��
� 
!1$��+�������!#
!�!+&���
��6���&#
53������ 4000 CFU/ml 
�,��
,%��6�

������!� 

 


�� ��
, ������!#
!�!+&���
��6��
�#��"!��,%���$��"!��,������!#
! t-BOOH. ����� PP844 (�), KBIR5 (�), 

�"- KBIR5 �!#%�� plasmid pBBIR3  
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��
��������,]�&	�
%�� Acyl homoserine lactone (AHL) quorum sensing BpsIR 

�����
�
>����
<-� DpsA &	�'()*	 B. pseudomallei  ��
������
����� beta-

galactosidase ��� dpsA promoter 
 

���#���������&�61�9%����
�1��&#,53��+�� '���!� DpsA /6��+���

�+� �-�� quorum sensing 

bpsIR '
��&�61�9�"��+���$�'
��!# '���!� BpsR ��� AHL autoinducer c8-HSL ��1���!# 

promoter 5�,�!� dpsA  

 


�,����13,�
��$����%�� dpsA promoter ��&#
",��5��,�����!� dpsA-lacZ %��"��
&
�!#��6�%� E. coli 
(CpUT) �"�++�
 �����. beta-galactosidase ��!����� �
�#�
!�"-�
�
! �"��
&
'���!� BpsR, 

�"- �
�#�
!�"-�
�
! AHL ��&
���,F �!#��%� B. pseudomallei �
���� c8-HSL, c10-HSL, c12-

HSL
 OH-c8-HSL, �"- OH-c10-HSL �"�����+�� ��������
�!#��
�
�� �"- ��� ���,
! 

'���!� BpsR ��+
��� c8-HSL �!# ����,'
� '���!� BpsI �������� �!#%�������.�6,��
 ��
�6� 
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��
"#�$��?���
<-� dpsA (?�����{	�'()*	 B. pseudomallei ��� Oxidative 

Stress 

 

���1���!� �
��$�����&�61�9"3��5�����!��-
����3#,+��'���!� dpsA ��+����?�,�����

1�� oxidative stress'
� �$������ B. pseudomallei  
��
����������� 

oxidative stress '
��"!��,������� tert-butyl hydroperoxide (t-BOOH) agar '
�

���!����!�� �-�+��, 

- ������=9 wild type  (������=9 PP844) 

- ������=9�!#/6� knockout �!� quorum sensing ���,�!� bpsI �"- bpsR (������=9 

KBIR5) 

- ������=9 KBIR5 �!#
! �"��
&
 pDps (�
����1�� 
�. ��+&��9 "����-���&}) (3#,
!

�!� dpsA �!#��
��/�$�%�� 
!�������,'���!� DpsA �
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