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"��&'"(�����
����)*�"����+�,%*��-!�!�������/*��-!�������� B. 
pseudomallei ���)�" knockout ���� AHL quorum sensing 

 

8���@���!�,���	'��������������		 AHL quorum sensing bpsIR "����� "#��!������+�����

��	 #�. ������#,E �F'�0�,�
@�,J K���,��@F��!��,'0� �N��,'0������� �8��,'0���0�8,#� 'O�

���'#��	����0%+��#
��
���� B. pseudomallei '!*$%� knockout 0!� quorum sensing -� 
U� 

macrophage ���
U� epithelial �#0'!* #�. ������#,E �!�����O���J-����'#���
���� B. 
pseudomallei ��	
U�'��� 2 ��,#���+������ ���/����#���!� 

-
U� macrophage 

(Utaisincharoen P, Tangthawornchaikul N, Kespichayawattana W, Anuntagool N, 

Chaisuriya P, Sirisinha S. Kinetic studies of the production of nitric oxide and tumor 

necrosis factor-alpha in macrophages stimulated with Burkholderia pseudomallei 

endotoxin. Clin Exp Immunol 2000; 122: 324–9.) 

-
U� epithelial 

(Utaisincharoen P, Anuntagool N, Arjcharoen S, Lengwehasatit I, Limposuwan K, 

Chaisuriya P, Sirisinha S.  Burkholderia pseudomallei stimulates low interleukin-8 

production in the human lung epithelial cell line A549. Clinical & Experimental 

Immunology. 2004;138:61–65.) 

 

-����'#���"#��O�
���� B. pseudomallei ��0����� 844 (wild type), PKI5 (�bpsI), PKR7 

(�bpsR), ��� KBIR5 (�bpsIR) '!*
�!�0�-� Trypticase soy broth ������-���O�
���� phosphate-

buffered saline (PBS) 3 ����� ���
@��@���#0�����# OD 650 nm @�"#�����8����+�'!*


8����� �����O�"�
���
�!�0��+����	 
U� macrophage (RAW 264.7) U�*�
�!�0�-� ��O�
�!�0�
U� 

Dulbecco's modified Eagles' medium (DMEM)/�� 10% fetal bovine serum (FBS)  8��� 
U� 

alveolar basal epithelial (A549) U�*�
�!�0�-� ��O�
�!�0�
U� Ham's F-12 /�� 10% fetal bovine 

serum (FBS) �#0
���
�!�0�-��%��	 37°C U�*��! 5% CO2 /��-�	��0����  

 

'O����
���
�!�0��+�� (co-culture) ��8�+��
U�����	�'!
�!0 �#0������+��
��
���� B. 
pseudomallei ��	
U� A549 
�&� 10 �+� 1 
�!0�
�&����'�
'��,��+� multiplicity of infection 

(MOI) of 10:1  
���������'!*
�����	�'!
�!0@�

��
U� epithelial �!���0 -�
N�'!* ������+��
��


���� B. pseudomallei ��	
U� RAW 264.7 
�&� 2 �+� 1 (MOI of 2:1) 
'+����� 
����
U� 

macrophage �����$�,�
�����	�'!
�!0

��
U�"#� 8���@����+�0-8��	�'!
�!0

��
U�
�&�
��� 2 

��*���� 'O���������	�'!
�!0'!*
�,��0%+���
U� �#0����
U�#��0 PBS 3 ����� ����}+��	�'!
�!0'!*0��


8����0%+���
U��#0
���
�!�0�
U�-���O�
�!�0�
����'!*/�� kanamycin 250 µg/ml 
�&�
��� 2 

��*���� ����
���
�!�0�
U��+�"�-���O�
�!�0�
����'!*/�� kanamycin 20 µg/ml "����#
������

'#��� 

 


��*�
���
�!�0�
U�"�-���0�
����+���  'O����@O�����	�'!
�!0'!*�!
�,*�
���8���
8�����#

�0%+�#0�O�
U������0+�0#��0 0·1% Triton X-100 ���� ���@�0��	���8��
�!�0�
�����
�� 

tryptic soy agar 
��*���	@O���������!�#0'O�
�&� 3 
��'-���+���+�������O���
1�!*0���  
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/����'#��� 
��*�
'!0	��8�+��
U� �	�+�
�����	�'!
�!0�����$

��-�
U� macrophage "#�

#!��+� epithelial 
U� ���#�+��
��������#8��0 
��*�#%@O�����	�'!
�!0K�0-�
U�
��*�
���

/+��"��	�+�
���� B.pseudomallei �����$�0%+��#����	+����
�,*�@O����
���K�0-�
U�'������

��,# �#0'!*
�������#���
#,� �!@O�������'!*�F# -�
N�'!*
����'!*$%� knockout 0!���		 AHL quorum 

sensing �!@O����-�
U����0��+� �#0
1����0+��0,*� ��0����� PKR7 (�bpsR) 
8��"#���#
@�

'!*�F# ����������#-�
U� epithelial �����+� ��@
�&�"�"#��+�����!� BpsR 
�&� transcription 

activator '!*�O���J�O�8��	0!�'!*@O�
�&�-�����0%+��#K�0-�
U� -�
N�'!*�!������
����8� AHL "#�

8��0���'!*��@'#�'� bpsI "#� '!*�+����
�������'!* KBIR5 U�*�
�#'��� bpsIR ��+���	�!@O������

���!�����+� PKR7 
�&�"�"#��+�
�&��������/��
�����'#���  
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Alkyl Hydro Quinolone (AHQ) Quorum Sensing System 
 

"��&'"(�!	"(
����������� quinolone quorum sensing *������ B. pseudomallei $/�

��&	��+���!5�"���� quinolone quorum sensing *������ Pseudomonas aeruginosa 

 

-�
N�'!*��		 Acyl homoserine lactone (AHL) quorum sensing �����!���������0+��

�����
���-�
�����	�'!
�!0�����	8��0��,# ��+��		 quinolone quorum sensing ������

��*���������8�+���	�'!
�!0�#0-����
��F� quinolone 
�&������������ ���	�!�����������-�
���� 

Pseudomonas aeruginosa 
'+����� #������
��*�'!*@������0!�
����		 quinolone quorum 

sensing -�
���� B. pseudomallei 
��@������"�����0
���%�
����		 quinolone quorum sensing 

@��
���� P. aeruginosa  

 

�#0'!* 
���� P. aeruginosa ��������-���F+�
�� Alkyl Hydro Quinolone (AHQ) (�%��
��! 

2-alkyl-4(1H)-quinolone) ��-8����@�	"#�-� supernatant 8��0��,# ��+'!*�!��������

���'!*�F# ��� 2-Heptyl-3-hydroxy-4(1H)-quinolone �#0
�!0�����!��+� Pseudomonas 

Quinolone Signal 8���
�!0��#00+��+� PQS  

 
 

�	�+� PQS 
�&� �����*����-� ��		 quinolone quorum sensing U�*��!/��+������#����
�� 

virulence factors ����������� biofilm ���@���!� PQS 0��
�&��+��8��*�-���		 quorum 

sensing ���U�	U���
�� P. aeruginosa '!* �����	#��0 AHL '�����		 Rhl ��� ��		 Las #��

�%� 
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����������#�"��
�+�� PQS 

 

PQS $%���	�F���������#��00!� phnA/B, pqs operon (pqsABCD), ��� pqsH #���!� �#0 

phnA/B ����� anthranilic acid U�*�@�$%�
��!*0�
�&� �-ketodecanoic acid �#0 pqsABCD ���

$%�
��!*0�
�&�  4-quinolone -�'!*�F#�#0
�!0 co2 "� �O�8��	 AHQ '!*
�&� precursor 
�� PQS U�*�

�!8�%+ sidechain 
�&� hydrocarbon �,*���� 7 carbon ��� 2-Heptyl -4(1H)-quinolone (HHQ) �#0 

HHQ $%�
��!*0�
�&� PQS �#0����!�@��0!� pqsH  

 

 

 

����@�,� pqs operon 0���! 0!� pqsE �0%+-��F##��0 (pqsABCDE) ��+ pqsE "�+"#��!�+��


�!*0���	�������� �-ketodecanoic acid ��+�0+��-# ��+
�&�0!�'!*@O�
�&��O�8��	�����	�F� 

phenotypes �+��� �#0��		 quinolone quorum sensing 

 

     
 

 
 
 

DNA Blast 

 

/%��,@�0@��-��
���%� pqs operon (pqsABCDE) ����	����#0�,�! blast -����
���%� genomes 


�����	�'!
�!0 
�� National Center for Biotechnology Information  (NCBI) '!* 

http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi ���	�+�
�����	�'!
�!0�����	8��0

��,#�!0!�-� operon �!� ��+@�"�+��	'F�0!� �#0���@�
�#0!� pqsB ��� E �#0'!*�!
�!0� 

P. aeruginosa ��� B. pseudomallei (B. thailandensis #��0) 
'+�����'!* �!0!� pqsABCDE 

��	 #����#�-������ S1 

   pqsA             pqsB       pqsC        pqsD              pqsE 
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$%���� pqsABCDE Alignment ��6��������� P. aeruginosa PAO1 �!�B. pseudomallei 
K96243 

 


��*��O�0!� pqsABCDE "����
�&����
�!0��O�#�	��#��,��
������!� PqsABCDE �����O���


��!0	
'!0	�#0'O���� alignment ��8�+�� ����!� PqsABCDE 
��
���� P. aeruginosa PAO1 

��� B. pseudomallei K96243 �#0-�� 
���*�����-�
�	
�� NCBI '!* 

http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi  /�
�&�#���!�  
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�#0'!* P. aeruginosa PAO1 ���
����'!* 1 (Query) ��� B. pseudomallei K96243 ���
����'!* 2 

(Subject) 

The alignment of two protein sequences. Blue rectangles: local alignment segments; red 

lines: gaps; light gray lines represent the regions of low complexity on query sequence. 

Reference: Tatiana A. Tatusova, Thomas L. Madden (1999). Blast 2 sequences - a new 

tool for comparing protein and nucleotide sequences. FEMS Microbiol Lett. 174:247-250 

 

 pqsA
Identities = 147/472 (31%), Positives (Similarities) = 210/472 (44%), Gaps = 36/472 (7%) 
Query  50   LKPGDRVVLALNDSPSLACLFLACIAVGAIPAVINPKSREQALADIAADCQ---------  100 
            L PG+RV+L   + P LA  + A +  G +     P  R   L+ + A  Q
Sbjct  83   LVPGNRVLLHGTNHPFLAAAWFAIVKAGGVVVTTMPLLRAGELSKVIAQAQVTHALCEAA  142 

Query  101  --ASLVVREADAPSLSGPLAPLTLRAAAGRPLLDDFSLDALVGPADLDWSAFHRQDPAAA  158 
              A L    A AP ++      T  AAA  PLL   +      P D       R D
Sbjct  143  VSAELRAAMAAAPGVAFARYYETDDAAAFEPLLH--ACPRTFEPVDT------RADEP--  192 

Query  159  CFLQYTSGSTGAPKGVMHSLRNTLGFCRAFATELLALQAGDRLYSIPKMFFGYGMGNSLF  218 
            C + +TSG+TG PK  +H  R+ +  C  F   +L   A D     P + F +G+G  L
Sbjct  193  CIVAFTSGTTGRPKATVHFHRDVMAICHCFPQHVLKPNADDVFCGSPPLAFTFGLGALLL  252 
 

Query  219  FPWFSGASALLDDTWPSPERVLENLVAFRPRVLFGVPAIYASLRPQAREL-LSSVRLAFS  277 
            FP   GAS +L      P+R+L  + A R  +LF  PA Y ++  +  E  ++S+R
Sbjct  253  FPLSVGASVVLLQR-AKPQRLLAAIGAHRVSILFTAPAAYRAMLDELGEHDIASLRKCVC  311 
 

Query  278  AGSPLPRGEFEFWAAH-GLEICDGIGATEVGHVFLANRPGQARADSTGLPLPGYECRLVD  336 
            AG  LP      W A  G+ I DGIGATE+ H+F +    QA+  + G  +PGY   ++D 
Sbjct  312  AGEALPVPTRNAWLARTGIRIIDGIGATEMLHIFASADETQAKEGAIGKAVPGYRLAILD  371 

Query  337  REGHTIEEAGRQGVLLVRGPGLSPGYWRASEEQQARFA-GGWYRTGDLFERDESGAYRHC  395 
              G  +      G L V+GP    G    ++ +Q  +   GW  TGD    DE G   +
Sbjct  372  ERGERLPPY-HVGRLAVQGP---TGCRYLNDARQRDYVRHGWNLTGDAAYLDEDGYLFYQ  427 

Query  396  GREDDLFKVNGRWVVPTQVEQAICRHLPEVSEAVLVPTCRLHDGLRPTLFVTLATPLD--  453 
             R DDL    G  + P +VE+A+  H  +V E  +V      DG   TL      P
Sbjct  428  SRADDLIISLGYTISPAEVEEALLSH-ADVLECGVVGA---PDGRGGTLVCAHVVPRPGV  483 

Query  454  DNQILLAQRIDQHLAEQIPSHMLPSQLHVLPA-LPRNDNGKLARAELRHLAD  504 
                 L   + QH+  +I  +  P ++    A LPRND+GKL R +LR  A+ 
Sbjct  484  HGCDALTAALQQHVKARIAPYKYPRRIEYHAAGLPRNDSGKLQRFKLRQAAE  535 
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pqsB
Identities = 46/116 (39%), Positives (Similarities) = 68/116 (58%), Gaps = 2/116 (1%) 
Query  39   LPAVREALDEAAVKPEEIDLIVGLALSPDHLIENRDIMAPKIGHPLQKVLGANRAHVFDL  98 
            L A R+AL +A   P E+DLIV L++SP+ + +   I  P++ HP+Q+ L A+ A VFDL 
Sbjct  26   LKAARQALAKARCLPSELDLIVSLSVSPNRMADAAPIAGPRLAHPVQRDLRASNAAVFDL  85 

Query  99   TDSSLARALYVVDTLASDQGYRNVLVVRGESSQGLEVDSESGFALADGALALLCRP  154 
             D+    AL +V +     GYR  LVV+ E+   +E     G+  ADGA A++  P 
Sbjct  86   LDADWTLALDLVQSHCRQLGYRRALVVKAEALADVEGAQAGGY--ADGAGAIVLAP  139 

 

 
pqsC
Identities = 137/355 (38%), Positives (Similarities) = 210/355 (59%), Gaps = 14/355 (3%) 
Query  2    HKVKLAAITCELPARSYENDDPVFAAVPDLSESWWQFWGVNRRGYFDPRNGENEFSLVVR  61 
            + V++A++ C LP+R   NDD  F  V  +   WWQFWG+  R   DP  GE+E ++  R 
Sbjct  10   YNVRMASLACNLPSRLLRNDDAAFDEVEPIPSEWWQFWGIESRYVIDPHAGESELAMAER  69 

Query  62   AAERLLRSSDTAPDSVDMLICSASSPIMTDAGDVLPDLRGRLYPRMANVLSKQLGLSRAL  121 
             A + L  +      +D+++ + +SP +T A     D   R  PR++  L ++LG  RAL 
Sbjct  70   TARQALARAGVDAAELDLVLFNITSPFVTAA-----DGARRFAPRLSRTLRERLGARRAL  124 

Query  122  PLDSQMECASFLLNLRLAASMIRQGKAEKVLVVCSEYISNLLDFTSRTSTLFADGCAVAL  181 
              D +MECASF+L ++LAA++I+QG+ ++ LV  SE +S ++D+ S++ST F DG A A+ 
Sbjct  125  DADVEMECASFVLQMQLAANLIKQGRVKRALVCSSERMSAVVDYASKSSTTFGDGAAAAV  184 

Query  182  LTRG--DDDSCDLLASAEHSDATFYEVATGRWRLPENPTGEAKPR-------LYFSLFSD  232 
            L     D    D L +   SDAT Y +AT +WR P+ P               YF+L  + 
Sbjct  185  LVADAHDPHGADWLNAVYRSDATHYALATMQWRYPKPPADRDDAERQAERFGAYFTLKPE  244 

Query  233  GQNKMASFVPTNVPIAMRRALEKAGLGSDDIDYFVFHQPAPFLVKAWAEGIGARPEQYQL  292 
             Q ++A F+P  +P  + R L K GL +DDID  VFHQP+  LV+AWA+ +G  P+QY + 
Sbjct  245  AQEQIARFMPEAIPDIVERLLRKTGLRTDDIDAMVFHQPSEILVRAWAQRLGLAPDQYVI  304 

Query  293  TMGDTGVMISVSIPYTLMTGLREGKIRPGDRIVMAGAATGWGFAAQVWQLGEVLV  347 
             + D   ++S ++P  L   +R G ++PG ++V+AGA  GWGF AQ+W+ GE +V 
Sbjct  305  RLADCACLVSAAVPLALYESIRRGVVKPGSQVVIAGAGAGWGFGAQLWRWGETVV  359 
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pqsD
Identities = 175/325 (53%), Positives (Similarities)  = 226/325 (69%), Gaps = 2/325 (0%) 
Query  6    LAGLGFSLPKRQVSNHDLVGRINTSDEFIVERTGVRTRYHVEPEQAVSALMVPAARQAIE  65 
            +AGLG +LP+R V N ++   I+TSD FI  RTGVR R ++ P Q ++ L  PAA +A+
Sbjct  13   IAGLGHALPQRIVDNDEVARVIDTSDAFIRTRTGVRHRRYLAPGQQLADLACPAAERAMA  72 

Query  66   AAGLLPEDIDLLLVNTLSPDHHDPSQACLIQPLLGLRHIPVLDIRAQCSGLLYGLQMARG  125 
             AG+ P DIDLL+VNTLSPDHHDPSQAC +QP LGLR IP  DIRAQCSG LYG+++AR
Sbjct  73   EAGVAPADIDLLIVNTLSPDHHDPSQACYMQPRLGLREIPCFDIRAQCSGGLYGIEIARH  132 

Query  126  QILAGLARHVLVVCGEVLSKRMDCSDRGRNLSILLGDGAGAVVVSAGESLEDGLLDLRLG  185 
             + +GL R+VL++C E LS+R+D S+ GRNLSILL DGA A+V+ A      GL+DL LG 
Sbjct  133  FVASGLYRNVLLICAEALSRRIDTSNAGRNLSILLSDGAAAMVLRAQPDATRGLIDLALG  192 
 

Query  186  ADGNYFDLLMTAAPGSASPTFLDENVLREGGGEFLMRGRPMFEHASQTLVRIAGEMLAAH  245 
            ADG  FDLL T APG+  P F+D + +  G   F MRG  MF  A++ +V     ML  H 
Sbjct  193  ADGTQFDLLCTEAPGAKRPNFIDADDIAAGRHYFRMRGADMFADATRRIVDACRRMLDKH  252 
 

Query  246  ELTLDDIDHVICHQPNLRILDAVQEQLGIPQHKFAVTVDRLGNMASASTPVTLAMFWPD-  304 
             L L DI  V+ HQPNLRI+DAV EQLG+P+ +  ++V+ LGNMASA+ PV L++
Sbjct  253  RLALGDIGLVVPHQPNLRIIDAVIEQLGLPRERCMISVEDLGNMASAAFPVALSLAREQG  312 

Query  305  -IQPGQRVLVLTYGSGATWGAALYR  328 
             +  GQ  L++TYG+GATW  ALYR 
Sbjct  313  RMPAGQLNLLVTYGAGATWACALYR  337 
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pqsE
Identities = 94/294 (31%), Positives (Similarities) = 149/294 (50%), Gaps = 6/294 (2%) 
Query  7    PGQLDDDLCLLGDVQVPVFLLRLGEASWALVEGGISRDAELVWADLCRWVADPSQVH---  63 
            PG++D  L ++G   VP++++   EA+  LVEGG+S   ELVW  L   ++D   +
Sbjct  6    PGRIDSRLAIVGTADVPLYVIVNDEAA-TLVEGGLSGMTELVWRQLHELLSDYGGIRHLR  64 

Query  64   YWLITHKHYDHCGLLPYLCPRLPNVQVLASERTCQAWKSESAVRVVERLNRQLLRAEQRL  123 
            YWLITH HYDHC LL  L PR+P + ++ S  T  A +S SA R +  L+ Q   A + + 
Sbjct  65   YWLITHSHYDHCSLLGTLAPRMPWLHIVGSAATADALQSPSACRTIRALDAQACAAWEPV  124 

Query  124  PEACAWDALPVRAVADGEWLELGPRHRLQVIEAHGHSDDHVVFYDVRRRRLFCGDALGEF  183 
              A     +P+  +  G  L++G   R++ +   GHS   + ++  +   LF  DALGE+ 
Sbjct  125  AAAAELSDIPLYPLNPGRSLDIGEGMRMRALALPGHSACLLGYHCPQLDLLFVSDALGEY  184 

Query  184  DEAEGVWRPLVFDDMEAYLESLERLQRLPTLLQLIPGHGGLLRGRLAADGAESAYTECLR  243 
              A   W PLVF D+ AY  SL+ ++R     ++  GH G++ G +A      A
Sbjct  185  -HAPTQWLPLVFQDLAAYRLSLDAIER-QHASRIALGHHGIVGGGIARHAVRHARDGLAA  242 

Query  244  LCRRLLWRQSMGESLDELSEELHRAWGGQSVDFLPGELHLGSMRRMLEILSRQA  297 
                    +    +   L+ +    +  +S + +P  LHL SM RM+++  R A 
Sbjct  243  RDDEARAARGDANATRALARQWTERYAARSANVVPRALHLKSMERMIDLFQRAA  296  
 
 
 


�#%=!"�� Alignment  
 

 
 

����+���	����#0�,�! blast -����
���%� genomes 
�����	�'!
�!0 
�� NCBI �!
�!0� P. 
aeruginosa, B. pseudomallei ��� B. thailandensis 
'+�����'!* �!0!� pqsABCDE ��	 #��

��#�-������ S1 �������� ��+/%��,@�0"�+�	�+� B. pseudomallei ��� B. thailandensis �!0!� 

pqsH ��+�0+��-# #������@����#�+� ��		 quinolone quorum sensing 
�� B. 
pseudomallei ��� B. thailandensis ��@������"#�
�!0�$�� alkyl quinolone 
�+� HHQ 


'+����� ��@�"�+�����$����� alkyl hydroxy quinolone #��
�+� PQS "#� @��"#�������*� 0!� 

homologues 
�� pqs operon �+�
�&� hhq (hhqABCDE)�����*� 
�� HHQ U�*�
�&���� 

AHQ '!*
�&� precursor 
�� PQS 
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"���>� PCR ������ hhqA 


����+�"�@��"#�����		 oligonucleotide primers 
��*�'O� PCR 0!� hhqA ��
��*�-������� 


8�F'!*
���� 0!� hhqA �� 
��*�-8�
�&�����'� 
��0!�'!*�!�+��-��������� HHQ  

 
PCR primers �O�8��	0!� hhqA ��� primer HAF (5�-
CGAATTCACGATGGACAACTTTTGCCGCAC-3�) U�*��! EcoRI restriction site (
!#
���-��) 

��� primer HAR (5�-TGGATCCGCCTCGTTATCGAATGGGTTGGT-3�) U�*��! BamHI 

restriction site (
!#
���-��) �#0 primers �%+�!�@�
�,*�@O���� DNA �,��
��# 1,709 bp �O� primers 

#����+��
��������'O� PCR �#0-�� genomic DNA 
�� B. pseudomallei pp844 
�&���+�		 "#�

�,�� DNA 
��# #����# ����%� 

 

 
�%���#� agarose gel electrophoresis 
�� hhqA PCR 
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"��$�!���� hhqA ��+�,%*� plasmid pUC18 

 

PCR products @�� primer HAR ��� HAF $%��O�"�

��##��0 EcoRI ��� BamHI ��������

�� '!*  multiple 

cloning site-� plasmid pUC18 U�*�-�+-� E. coli 
DH5�   

 

"#��,�%@�� pUC18::hhqA �#0 recombinant plasmid �!


��# 6,254 bp �����	#��0 �,�� DNA complete 

gene hhqA 1,697 bp, ���  and pUCp18 ���� 4,557 bp  

 

 

 

�%� agarose gel electrophoresis  


�� 1 pUC18::hhqA  


�� 2 pUC18  


�� 3 pUC18::hhqA ��##��0 EcoRI ��� 

BamHI 


�� 4 pUC18 ��##��0 EcoRI ��� BamHI 
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��� hhqA ��� B. pseudomallei 
����)�>�6�+�����/������ pqsA �����/6��,%*� P. 
aeruginosa ,/+ 


��*�
�&�����,�%@���+�0!� hhqA 
�� B. pseudomallei �����$'O�8���'!*'#�'�0!� pqsA '!*
�#

8�0"�-� P. aeruginosa "#� @���O� plasmid pUC18 U�*��!0!� hhqA (pUC18::hhqA) -�+

��"�-�


���� P. aeruginosa POA1 '!*"#�$%� knockout 0!� pqsA "����� (PAO1�pqsA)  ("#�@�� 

Professor Paul Williams, University of Nottingham)  

 

PAO1�pqsA �!�"�+�����$����� '��� HHQ ��� PQS "#� �+�/�-8� "�+�����$����� pyocyanin "#� 


��*��@�� pyocyanin $%���	�F��#0 PQS quinolone quorum sensing (Functions Required for 

Extracellular Quinolone Signaling by Pseudomonas aeruginosa. Gallagher LA, McKnight 

SL, Kuznetsova MS, Pesci EC, and Manoil C. J. Bacteriol. 2002;184:6472-6480.) �O�8��	 

pyocyanin ���� ����,'O�-8������!
�� P. aeruginosa �!�!

!0� #������ �����!�����O�
�!�0�
����
�� 

PAO1�pqsA @��"�+�!�!

!0� ��+
��*�-�+ 

��"� ������+� PAO1�pqsA '!*�! pUC18::hhqA 

�����$����� HHQ ��� PQS "#��!������8��*� ��������!�����O�
�!�0�
���������	���!�!

!0�#��0 @��


�&������#��+�0!� hhqA 
�� B. pseudomallei ���@��@��! sequence '!*����0 pqsA ���� 0��

�����$'O�8���'!*'#�'�0!� pqsA "#�#��0 (function analoque) 

 

 
 

���'#��� transcomplementation 
�� hhqA �%�	���#� thin layer chromatography 

plate '!*��##��0 LB agar U�*��! quinolone bioluminescent reporter 

PAO1lecA::lux�pqsA �O����0���� quinolone @����O�
�!�0�
����
��
���� P. aeruginosa 

PAO1 '!*-�+ pUC18 ����#� ��� pUC18::hhqA U�*����##��0  ethyl acetate 'O��8������

����0-� methanol �#0
��U��0�F#
�&��������0+�� PQS ��� HHQ �+�"�-� 2 
�����


�&������	�F� 
��'!* 3 ��� PAO1�pqsA '!*-�+ pUC18 ����#� ���
��'!* 4 ��� 

PAO1�pqsA '!*-�+ pUC18::hhqA 
��*��0�������� �O���#%#��0 luminograph detector 

�+���+��
���%���#��!
����O�
�!�0�
���� $���! pyocyanin @�
�&��!

!0� @��/�
�� 

PAO1�pqsA '!*-�+ pUC18::hhqA ��#�-8�
8���+� hhqA �����$'O�8���'!*�'� pqsA "#�
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"��&'"(� 6�+����������� quinolone quorum sensing  

$/�"��
�+�� ����� B. pseudomallei 
���	�?����)�" knockout ��� hhqA  

 

'O�����������0����� hhqA  knock-out 

������#0 �O��,���+�� DNA 1030 

fragment '!*"#�@�������# HAF/HAR 

PCR product #��0 restriction enzyme 

RsaI�O�"� ligate �		 blunt end -� 

pKNOCK-TC '!*��##��0 SmaI "#�
�&��

����,#
��# 3321 bp  (�%�)  �%� 0!� 

hhqA ��#��O��8�+� PCR primer ��� 

�,���+��'!*��##��0 RsaI   
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'O�����,�%@�������,# pKNOCK-TC '!*�!�,�� DNA 	���+��
��0!� hhqA �!� �#0�O�����#

#��0 EcoRI U�*��! sites �0%+ 2 
���
�� multiple cloning sites @�'O�-8��,���+�� #!
���
� 

1030 bp '!*����

��"�8�F#�����-8�
8��"#� 

         

�+���-�� E. coli S17-1 �pir 
�&���� conjugate pKNOCK-Tc +hhqAp �!� ��"�"�-� B. 
pseudomallei pp844 U�*�@�'O�-8�
�,#������
��!*0�0!��#0�,�! crossing over ��8�+��

������U�
�� B. pseudomallei ��	 pKNOCK /�'!*"#�-�������U�
�� B. pseudomallei 
pp844 @��!�+��
�������,# pKNOCK �'��

��"��0%+-��O��8�+�0!�'!*
��������� 'O�-8�


�,#��0�����'!*
�&�0!� hhqA knock-out "#� (Bp�hhqA) 
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"���%���������!	"(
����  ����� B. pseudomallei 844 
���	�?�/	���/�� "	�  

����� B. pseudomallei 
���	�?����)�" knockout ��� hhqA (Bp�hhqA) 

$/�"���������6���>��!���������/+�� HPLC �!� �%��������� phenotypes ����@ 
 

"���%���������!	"(
����  ����� B. pseudomallei 
���	�?�/	���/�� "	����

)�" knockout ��� hhqA $/�"���������6���>��!���������/+�� HPLC 

��O�
�!�0�
������0����� #���
#,� 844  �����0����� Bp�hhqA �����##��0 ethyl acetate ����'O�-8�

�8�� ���'O�-8�����0#��0 methanol �+���O�"��,
����8�#��0�,�! High Pressure Liquid 

Chromatography (HPLC) '!* 8�����,	��,��� Quorum Sensing 
���$�	�� Institute of 

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

Nottingham �#0�+�������	 Prof. Paul Williams, Director 
���$�	��#����+��  

 

 
 

/�����,
����8� HPLC ����%� ������+� -���0�����#���
#,� pp844 "�+�	 HHQ U�*����@�$%� 

elute �����'!* 6.5 ��'! ��+���	�	�+� 
���� Bp�hhqA �!��������+��@����0�����#���
#,� 

pp844 ���'!*�+�� peak '!* elute 
��*� 7.75 ��'!  8�0"� (����%����!�)  
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@��"#��O� peak @�� wildtype '!*8�0"�-� mutant #����+�� "��,�%@���+�
�&������"� �#0�O�"� 

�,�%@��#��0 Liquid Chromatography/Mass Spectrophotometry (LC/MS) �#0���
��!0	
'!0	

��	���������� '!* University of Nottingham �! �	�+� ��������!�FN��	��,
8������	���   2-(1-

nonenyl)-4(1H)-quinolone U�*�
�&���� AHQ '!*����0��	 HHQ �+�����
�!0�'!* 8�%+ hydrocarbon  

side chain �'�'!*@�
�&� C7 �,*���� (Heptyl) ���	���0
�&� C9:1 "�+�,*����'!* carbon �O��8�+�'!* 1 

(nonenyl) -����*�0+��+� NEHQ 

 

     
 

-�
�������+�"�@��'O������	���$������������� quinolone -�
������0������+���
��*�#%�+��!����

����+��'!*8���8��0
��������������!�-�
���� Burkholderia ��� Pseudomonas ��0������+���

8���"�+ 

 

�����
���	�?�����@��"��
�+�� HHQ 6��� Quinolone ���/����@�����,�  

���'!*��+��"������+� 
���� P. aeruginosa ��������-���F+�
�� Alkyl Hydro Quinolone 

(AHQ) (�%��
��! 2-alkyl-4(1H)-quinolone) ��-8����@�	"#�-� supernatant 8��0��,# 

��+'!*�!�����������'!*�F# ��� 2-Heptyl-3-hydroxy-4(1H)-quinolone �#0
�!0�����!��+� 

Pseudomonas Quinolone Signal 8���
�!0��#00+��+� PQS  
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����  P. aeruginosa �!�������� ��� AHQ 8��0��,# �#0��������� HHQ U�*�
�&� 

precursor 
�� PQS #��0 ���	����0����� ���!�������� NEHQ #��'!*�	-���0����� 844 

'!*-�������-���0����!�#��0 (Le´ pine, F., De´ ziel, E., Milot, S., and Rahme, L.G. A 

stable isotope dilution assay for the quantification of the Pseudomonas quinolone 

signal in Pseudomonas aeruginosa cultures. Biochim. Biophys. Acta.2003;1622, 36–

41.) 

 

 

"���>���>��!��������� ����"/+�� TLC ��� overlaid /+�� bioluminescent reporter ���

���
������ AHQ �����/�"��
�+�� AHQ ���/����@ 

 


��*��������'��	�+� 
����  Burkholderia ��0�������*�� ���@�� B. pseudomallei pp844 

���'��� 
���� B. thailandensis @��!�������� AHQ �		-#  @���!����O�
��
���� B. 
pseudomallei ��0����� 576, 10276, ��� 

k96243 �����#��O�
�!�0�
���� (supernatant 

culture) �����O������@��	�#0����0�

#��0 TLC '!* overlaid #��0 bioluminescent 

reporter '!*��	�����+� AHQ (
�&� E.coli 
'!*�!����,#U�*��! promoter 
�� pqsA ) �#0


'!0	��	���������� /�������+� 
����'���

�����,# �!�������� HHQ (�%�#���
��) @��


�&�"�"#��+� 
�&���������+�� (variation) 
�� B. pseudomallei pp844 '!*�!�������� AHQ '!*

����+��@�� Burkholderia ��*� 
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��*�-���,�! bioluminescent reporter TLC 
'!0	��	�����������!� �����@��	��	 ��O�
�!�0�
����


������,#��*�� ���'��� B. thailandensis ��0����� E30 ���	�+�  

-
�����	�'!
�!0�����	8��0��,#"�+�!�������� AHQ  

-
����'!*����� AHQ "#���+ 
����  B. pseudomallei, B. thailandensis,   B.cenocepacia, P. 
putida ��� P. aeruginosa �#0'!*  

o P. aeruginosa PAO1 ��� PA14 ����� PQS ��� HHQ 

o B. pseudomallei K96243, 576, 276,   B.cenocepacia J415, P. putida KT2440 

����� HHQ 

o B. pseudomallei pp844 ����� NEHQ 

o B. thailandensis E30 ����� AHQ 8��0��,#���'��� HHQ, NEHQ ��+"�+����� 

PQS 

��F����������+�"��!� 
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"���%���������!	"(
����  ����� B. pseudomallei 844 
���	�?�/	���/�� "	�  

����� B. pseudomallei 
���	�?����)�" knockout ��� hhqA (Bp�hhqA)  

$/� "���%��������� phenotypes ����@ 
 

�%���������!	"(
�$�$!�� 


���� B. pseudomallei ��0����� #���
#,� 844  �����0����� Bp�hhqA �!����N�'!*����+�����'!*

���
��"#��#
@���+������ ����N�
�������!
��*�
���
�!�0�	�
��' LB agar 8��� 
��' blood 

agar 2-3 ��� �!��������+����� ��� �����!
�� B. pseudomallei ��0����� wild type 844 �!

����N��������,
��
���� B. pseudomallei ��� 
�	
�!0	 mucoid -�
N�'!*�����!
����0����� 

Bp�hhqA �!����N�
8!*0�0+���#
@� (�%������!) 
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�%��������� Exoproteases, Siderophores, Hemolysin, Elastase 


��*��O�
���� B. pseudomallei ��0����� #���
#,� 844  ��� ��0����� Bp�hhqA ��
��!0	
'!0	 

phenotype �+��� �#0
���
�!�0�	�  


��' skim milk agar 
��*�#% exoproteases,  


��' chrome azurol S-iron (CAS) agar 
��*�#%  siderophores,   


��' blood agar 
��*�#% hemolysin, ���  


��' elastin agar 
��*�#%  elastase 

/�������+� "�+�!��������+�����-��U�
��
��' skim milk agar, 
��' CAS agar, ��� 


��' blood agar ��#��+� "�+�!��������+����� -� phenotypes exoproteases, siderophores,  

��� hemolysin 
��
����'������ 

 

 
�%�
��' blood agar ��#��+� Bp�hhqA, wildtype ��� 
��*�'#�'�0!� hhqA �!
��#�U�"�+

����+����� 
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��+'�+�-�
��' elastin agar �	�+��U�
�� ��0����� Bp�hhqA �!
��# 9.8 mm ± 1 mm -8J+

��+� �U�
�� ��0����� wild type 844 '!*�!
��#
�!0� 5.3 mm ± 0.5 mm �0+����#
@� ���
��*��O� 

�����,# pUC19 '!*�!0!� hhqA -�+"�-���0����� Bp�hhqA 
��*�'#�'����'O�8���'!*
�� hhqA 

��'O�-8��U��#
��#����
�&� 5.4 mm ± 0.5 mm 
�+�
#!0���	
��*�
�,� HHQ ��"�-�
��' ��0

����� Bp�hhqA ��'O�-8��U��#����
��#
'+���	 �U�
�� wild type 844 
�+���� (�%�) ��#��+� 

��� HHQ 'O�8���'!*-� negative regulation 
�� elastase 

 

 
 

�%�
��' elastin agar ��#��+� Bp�hhqA �!
��#�U�-8J+
�����+� wildtype ���
�����
��*�

'#�'�0!� hhqA 

 

�#%"��&'"(����� Quinolone quorum sensing *������ B. pseudomallei 
��� alkyl-quinolone 
�&� diffusible quorum sensing signal molecule �!���,#8��*�'!*�	-�

�	�'!
�!0�����	 �#0�	-�
���� P. aeruginosa �+�� ��+-���0����!���#�-8�
8���+� -�
���� B. 
pseudomallei ���!���-�� ��� alkyl-quinolone 
�&� diffusible quorum sensing signal molecule 


�+�
#!0���� �#0
���	'���0!�'!*���
����8� alkyl-quinolone ����,�%@���+�0!�����'O�8���'!*'#�'�

0!�'!* homolog ���-� P. aeruginosa "#� ��� knockout 0!��!�'O�-8� ����N������!
��
���� B. 
pseudomallei 
��!*0�"� ���'O�-8��!�����#����
�� elastase ���
��� ���@���!� 0��'O����

���@�����	��� alkyl-quinolone �#0
1��� HHQ @��
���� 8��0��,# -�
N�'!* �	��� PQS 

"#�
1���-�
���� P. aeruginosa 
��*��@�� HHQ 
�&�����������
�� PQS @����@
�&�"�"#��+� HHQ 


�&� alkyl-quinolone '!* 
�&�
�����K�������
��
�����	�'!
�!0�����	 -�
N�'!* PQS 
�&�

K���'���$,*�'!*-����*����
1���-�
���� P. aeruginosa 
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���������=!���"��&'"(� ���� quinolone quorum sensing  
��������
��*����		 quinolone quorum sensing U�*��+�������	����,'0������ @�� U. of 

Nottingham �O�"�

!0�
�&�	'����
��*�� “Functional Genetic Analysis Reveals a 2-Alkyl-4-

Quinolone Signaling System in the Human Pathogen Burkholderia pseudomallei and 

Related Bacteria”  �+�"�
����!�,���-������� Chemistry & Biology 
�� �O�����,��� Elsevier 

Science ���
'�����.� ���"#���	�����	��	��
/0���+-������� Chemistry & Biology �2 

2006 Volume 13 8��� 701-710  �#0�����,�#���!�    

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. 

��� repint ����	
���
��������� 
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Output ���,/+5�"$���"�� 

 


������,/+�+��� 

 

���� Acyl Homoserine Lactone Quorum Sensing 

1. ����	�����,	�0����N�0!�
����		 AHL quorum sensing bpsI ��� bpsR -�
���� B. pseudomallei 
�#0���'O� PCR �����,*�0!� 'O� sequencing ��� 'O� alignment 
��!0	
'!0	��	0!� homologue ��*�

�	�+��!��������0������� 

2. "#������
�������0����� B. pseudomallei '!*$%� knockout 0!� bpsI,  bpsR ��� bpsIR  ���'��������
����'!*�!

���'#�'� (complement) 0!�#����+��#��00!�'!*�0%+-������,# 
��*�-��-���������	'	�'
��0!� 

3. �	�+� AHL autoiducer '!*�����@��
���� B. pseudomallei 6 ��,# 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 �������������������
������	��������!"�
 B. pseudomallei 

4. �,�%@���+� autoiducer'!*�����#��0����!� BpsI "#���+ C8-HSL ���
�&�"�"#��+� 3-oxo-C8-HSL ������#0

���'O�����+�����
�� BpsI ��� autoinducer synthase �����*�-�
���� B. pseudomallei 
5. �,�%@��������������
����		 AHL quorum sensing BpsIR ��	���'��+� oxidative stress �#0
1���

�,�%@���+������#����
������!� DpsA U�*�'O�-8�
���������$'��+� oxidative stress "#����� $%���	�F�

�#0��		 bpsIR  

6. ��#�-8�
8���+�0!� bpsR �!�+���O���J-����'O�-8��	�'!
�!0�!�!�,��0%+��#K�0-�
U� epithelial ��� 

macrophage "#� 

 

���� Alkyl Hydro Quinolone Quorum Sensing 

1. ����	�����,	�0����N�0!�
����		 AHQ quorum sensing 
��
���� B. pseudomallei �#0
'!0	@�� 

pqsABCDE operon ���0!� pqsH 
�� P.aeruginosa �	�+�
���� B. pseudomallei �!0!� pqsABCDE 

homologue ��+"�+�!0!� pqsH homologue 
�0 'O�-8�"�+�����$�������� PQS "#� �����"#���+����������

���
�� PQS ��� ��� HHQ @��������*�0!�'!*�	-�
���� B. pseudomallei �+� hhqABCDE 

2. �,�%@������������� AHQ 
��
���������	 ��0������+��� �	�+��!��������+��'!*8���8��0��� 

-
�����	�'!
�!0�����	8��0��,#"�+�!�������� AHQ  

-
����'!*����� AHQ "#���+ 
����  B. pseudomallei, B. thailandensis,   B.cenocepacia, P. putida 

��� P. aeruginosa �#0'!*  

o P. aeruginosa PAO1 ��� PA14 ����� PQS ��� HHQ 

o B. pseudomallei K96243, 576, 276,   B.cenocepacia J415, P. putida KT2440 ����� 

HHQ 

o B. pseudomallei pp844 ����� NEHQ 

o B. thailandensis E30 ����� AHQ 8��0��,#���'��� HHQ, NEHQ ��+"�+����� PQS 

3. 'O� PCR �����,*� ��� 8� sequence 
��0!� hhqA -�
���� B. pseudomallei ���'���"#������
�������0

����� B. pseudomallei '!*$%� knockout 0!� hhqA ���'��������
����'!*�!���'#�'� (complement) 0!�

#����+��#��00!�'!*�0%+-������,# 
��*�-��-���������	'	�'
��0!� 

4. �,�%@��8���'!*
��0!� hhqA -�
���� B. pseudomallei �+�'O�8���'!*'#�'� 0!� pqsA -�
���� P. aeruginosa 

"#� (functional homologue) 
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5. �����8���'!*
��0!� hhqA -�
���� B. pseudomallei �	�+�  

5.4. �����!
����0�����'!*$%� knockout 0!� hhqA �!����N�
8!*0�0+������+������!
�� B. 
pseudomallei ��0����� wild type �0+����#
@�  

5.5. ��0�����'!*$%� knockout 0!� hhqA �!���'O����
�� elastase ���
��� ������ HHQ 'O�8���'!* 

negative regulation 
�� elastase 

5.6. ���
�#0!� hhqA "�+�!/��+� hemolysin, exoproteases, ��� siderophores  
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